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END USER LICENSE AGREEMENT

READ THIS END USER LICENSE AGREEMENT (“AGREEMENT”) BEFORE DOWNLOADING, INSTALLING, OR USING THE SOFTWARE. BY DOWNLOADING,
INSTALLING, OR USING THE SOFTWARE OR OTHERWISE EXPRESSING YOUR AGREEMENT TO THE TERMS CONTAINED HEREIN, YOU (AS CUSTOMER
OR IF YOU ARE NOT THE CUSTOMER, AS A REPRESENTATIVE/AGENT AUTHORIZED TO BIND THE CUSTOMER) CONSENT TO BE BOUND BY THIS
AGREEMENT. IF YOU DO NOT OR CANNOT AGREE TO THE TERMS CONTAINED HEREIN, THEN (A) DO NOT DOWNLOAD, INSTALL, OR USE THE SOFTWARE,
AND (B) YOU MAY CONTACT JUNIPER NETWORKS REGARDING LICENSE TERMS.

1. The Parties. The parties to this Agreement are (i) Juniper Networks, Inc. (if the Customer’s principal office is located in the Americas) or Juniper Networks
(Cayman) Limited (if the Customer’s principal office is located outside the Americas) (such applicable entity being referred to herein as “Juniper”), and (ii)
the person or organization that originally purchased from Juniper or an authorized Juniper reseller the applicable license(s) for use of the Software (“Customer”)
(collectively, the “Parties”).

2. The Software. In this Agreement, “Software” means the program modules and features of the Juniper or Juniper-supplied software, for which Customer
has paid the applicable license or support fees to Juniper or an authorized Juniper reseller, or which was embedded by Juniper in equipment which Customer
purchased from Juniper or an authorized Juniper reseller. “Software” also includes updates, upgrades and new releases of such software. “Embedded
Software” means Software which Juniper has embedded in or loaded onto the Juniper equipment and any updates, upgrades, additions or replacements
which are subsequently embedded in or loaded onto the equipment.

3. License Grant. Subject to payment of the applicable fees and the limitations and restrictions set forth herein, Juniper grants to Customer a non-exclusive
and non-transferable license, without right to sublicense, to use the Software, in executable form only, subject to the following use restrictions:

a. Customer shall use Embedded Software solely as embedded in, and for execution on, Juniper equipment originally purchased by Customer from Juniper
or an authorized Juniper reseller.

b. Customer shall use the Software on a single hardware chassis having a single processing unit, or as many chassis or processing units for which Customer
has paid the applicable license fees; provided, however, with respect to the Steel-Belted Radius or Odyssey Access Client software only, Customer shall use
such Software on a single computer containing a single physical random access memory space and containing any number of processors. Use of the
Steel-Belted Radius or IMS AAA software on multiple computers or virtual machines (e.g., Solaris zones) requires multiple licenses, regardless of whether
such computers or virtualizations are physically contained on a single chassis.

c. Product purchase documents, paper or electronic user documentation, and/or the particular licenses purchased by Customer may specify limits to
Customer’s use of the Software. Such limits may restrict use to a maximum number of seats, registered endpoints, concurrent users, sessions, calls,
connections, subscribers, clusters, nodes, realms, devices, links, ports or transactions, or require the purchase of separate licenses to use particular features,
functionalities, services, applications, operations, or capabilities, or provide throughput, performance, configuration, bandwidth, interface, processing,
temporal, or geographical limits. In addition, such limits may restrict the use of the Software to managing certain kinds of networks or require the Software
to be used only in conjunction with other specific Software. Customer’s use of the Software shall be subject to all such limitations and purchase of all applicable
licenses.

d. For any trial copy of the Software, Customer’s right to use the Software expires 30 days after download, installation or use of the Software. Customer
may operate the Software after the 30-day trial period only if Customer pays for a license to do so. Customer may not extend or create an additional trial
period by re-installing the Software after the 30-day trial period.

e. The Global Enterprise Edition of the Steel-Belted Radius software may be used by Customer only to manage access to Customer’s enterprise network.
Specifically, service provider customers are expressly prohibited from using the Global Enterprise Edition of the Steel-Belted Radius software to support any
commercial network access services.

The foregoing license is not transferable or assignable by Customer. No license is granted herein to any user who did not originally purchase the applicable
license(s) for the Software from Juniper or an authorized Juniper reseller.

4. Use Prohibitions. Notwithstanding the foregoing, the license provided herein does not permit the Customer to, and Customer agrees not to and shall
not: (a) modify, unbundle, reverse engineer, or create derivative works based on the Software; (b) make unauthorized copies of the Software (except as
necessary for backup purposes); (c) rent, sell, transfer, or grant any rights in and to any copy of the Software, in any form, to any third party; (d) remove
any proprietary notices, labels, or marks on or in any copy of the Software or any product in which the Software is embedded:; (e) distribute any copy of
the Software to any third party, including as may be embedded in Juniper equipment sold in the secondhand market; (f) use any ‘locked” or key-restricted
feature, function, service, application, operation, or capability without first purchasing the applicable license(s) and obtaining a valid key from Juniper, even
if such feature, function, service, application, operation, or capability is enabled without a key; (g) distribute any key for the Software provided by Juniper
to any third party; (h) use the Software in any manner that extends or is broader than the uses purchased by Customer from Juniper or an authorized Juniper
reseller; (i) use Embedded Software on non-Juniper equipment; (j) use Embedded Software (or make it available for use) on Juniper equipment that the
Customer did not originally purchase from Juniper or an authorized Juniper reseller; (k) disclose the results of testing or benchmarking of the Software to
any third party without the prior written consent of Juniper; or () use the Software in any manner other than as expressly provided herein.

5. Audit. Customer shall maintain accurate records as necessary to verify compliance with this Agreement. Upon request by Juniper, Customer shall furnish
such records to Juniper and certify its compliance with this Agreement.



6. Confidentiality. The Parties agree that aspects of the Software and associated documentation are the confidential property of Juniper. As such, Customer
shall exercise all reasonable commercial efforts to maintain the Software and associated documentation in confidence, which at a minimum includes
restricting access to the Software to Customer employees and contractors having a need to use the Software for Customer’s internal business purposes.

7. Ownership. Juniper and Juniper’s licensors, respectively, retain ownership of all right, title, and interest (including copyright) in and to the Software,
associated documentation, and all copies of the Software. Nothing in this Agreement constitutes a transfer or conveyance of any right, title, or interest in
the Software or associated documentation, or a sale of the Software, associated documentation, or copies of the Software.

8. Warranty, Limitation of Liability, Disclaimer of Warranty. The warranty applicable to the Software shall be as set forth in the warranty statement that
accompanies the Software (the “Warranty Statement”). Nothing in this Agreement shall give rise to any obligation to support the Software. Support services
may be purchased separately. Any such support shall be governed by a separate, written support services agreement. TO THE MAXIMUM EXTENT PERMITTED
BY LAW, JUNIPER SHALL NOT BE LIABLE FOR ANY LOST PROFITS, LOSS OF DATA, OR COSTS OR PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES,
OR FOR ANY SPECIAL, INDIRECT, OR CONSEQUENTIAL DAMAGES ARISING OUT OF THIS AGREEMENT, THE SOFTWARE, OR ANY JUNIPER OR
JUNIPER-SUPPLIED SOFTWARE. IN NO EVENT SHALL JUNIPER BE LIABLE FOR DAMAGES ARISING FROM UNAUTHORIZED OR IMPROPER USE OF ANY
JUNIPER OR JUNIPER-SUPPLIED SOFTWARE. EXCEPT AS EXPRESSLY PROVIDED IN THE WARRANTY STATEMENT TO THE EXTENT PERMITTED BY LAW,
JUNIPER DISCLAIMS ANY AND ALL WARRANTIES IN AND TO THE SOFTWARE (WHETHER EXPRESS, IMPLIED, STATUTORY, OR OTHERWISE), INCLUDING
ANY IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, OR NONINFRINGEMENT. IN NO EVENT DOES JUNIPER
WARRANT THAT THE SOFTWARE, OR ANY EQUIPMENT OR NETWORK RUNNING THE SOFTWARE, WILL OPERATE WITHOUT ERROR OR INTERRUPTION,
OR WILL BE FREE OF VULNERABILITY TO INTRUSION OR ATTACK. In no event shall Juniper’s or its suppliers’ or licensors’ liability to Customer, whether
in contract, tort (including negligence), breach of warranty, or otherwise, exceed the price paid by Customer for the Software that gave rise to the claim, or
if the Software is embedded in another Juniper product, the price paid by Customer for such other product. Customer acknowledges and agrees that Juniper
has set its prices and entered into this Agreement in reliance upon the disclaimers of warranty and the limitations of liability set forth herein, that the same
reflect an allocation of risk between the Parties (including the risk that a contract remedy may fail of its essential purpose and cause consequential loss),
and that the same form an essential basis of the bargain between the Parties.

9. Termination. Any breach of this Agreement or failure by Customer to pay any applicable fees due shall result in automatic termination of the license
granted herein. Upon such termination, Customer shall destroy or return to Juniper all copies of the Software and related documentation in Customer’s
possession or control.

10. Taxes. All license fees payable under this agreement are exclusive of tax. Customer shall be responsible for paying Taxes arising from the purchase of
the license, or importation or use of the Software. If applicable, valid exemption documentation for each taxing jurisdiction shall be provided to Juniper prior
to invoicing, and Customer shall promptly notify Juniper if their exemption is revoked or modified. All payments made by Customer shall be net of any
applicable withholding tax. Customer will provide reasonable assistance to Juniper in connection with such withholding taxes by promptly: providing Juniper
with valid tax receipts and other required documentation showing Customer’s payment of any withholding taxes; completing appropriate applications that
would reduce the amount of withholding tax to be paid; and notifying and assisting Juniper in any audit or tax proceeding related to transactions hereunder.
Customer shall comply with all applicable tax laws and regulations, and Customer will promptly pay or reimburse Juniper for all costs and damages related
to any liability incurred by Juniper as a result of Customer’s non-compliance or delay with its responsibilities herein. Customer’s obligations under this
Section shall survive termination or expiration of this Agreement.

11. Export. Customer agrees to comply with all applicable export laws and restrictions and regulations of any United States and any applicable foreign
agency or authority, and not to export or re-export the Software or any direct product thereof in violation of any such restrictions, laws or regulations, or
without all necessary approvals. Customer shall be liable for any such violations. The version of the Software supplied to Customer may contain encryption
or other capabilities restricting Customer’s ability to export the Software without an export license.

12. Commercial Computer Software. The Software is “commercial computer software” and is provided with restricted rights. Use, duplication, or disclosure
by the United States government is subject to restrictions set forth in this Agreement and as provided in DFARS 227.7201 through 227.7202-4, FAR 12.212,
FAR 27.405(b)(2), FAR 52.227-19, or FAR 52.227-14(ALT IlI) as applicable.

13. Interface Information. To the extent required by applicable law, and at Customer's written request, Juniper shall provide Customer with the interface
information needed to achieve interoperability between the Software and another independently created program, on payment of applicable fee, if any.
Customer shall observe strict obligations of confidentiality with respect to such information and shall use such information in compliance with any applicable
terms and conditions upon which Juniper makes such information available.

14. Third Party Software. Any licensor of Juniper whose software is embedded in the Software and any supplier of Juniper whose products or technology
are embedded in (or services are accessed by) the Software shall be a third party beneficiary with respect to this Agreement, and such licensor or vendor
shall have the right to enforce this Agreement in its own name as if it were Juniper. In addition, certain third party software may be provided with the
Software and is subject to the accompanying license(s), if any, of its respective owner(s). To the extent portions of the Software are distributed under and
subject to open source licenses obligating Juniper to make the source code for such portions publicly available (such as the GNU General Public License
(“GPL”) or the GNU Library General Public License (“LGPL”)), Juniper will make such source code portions (including Juniper modifications, as appropriate)
available upon request for a period of up to three years from the date of distribution. Such request can be made in writing to Juniper Networks, Inc., 1194
N. Mathilda Ave., Sunnyvale, CA 94089, ATTN: General Counsel. You may obtain a copy of the GPL at http://www.gnu.org/licenses/gpl.html, and
a copy of the LGPL at http://www.gnu.org/licenses/Igpl.html.

15. Miscellaneous. This Agreement shall be governed by the laws of the State of California without reference to its conflicts of laws principles. The provisions
of the U.N. Convention for the International Sale of Goods shall not apply to this Agreement. For any disputes arising under this Agreement, the Parties

hereby consent to the personal and exclusive jurisdiction of, and venue in, the state and federal courts within Santa Clara County, California. This Agreement
constitutes the entire and sole agreement between Juniper and the Customer with respect to the Software, and supersedes all prior and contemporaneous


http://www.gnu.org/licenses/gpl.html
http://www.gnu.org/licenses/lgpl.html

agreements relating to the Software, whether oral or written (including any inconsistent terms contained in a purchase order), except that the terms of a
separate written agreement executed by an authorized Juniper representative and Customer shall govern to the extent such terms are inconsistent or conflict
with terms contained herein. No modification to this Agreement nor any waiver of any rights hereunder shall be effective unless expressly assented to in
writing by the party to be charged. If any portion of this Agreement is held invalid, the Parties agree that such invalidity shall not affect the validity of the
remainder of this Agreement. This Agreement and associated documentation has been written in the English language, and the Parties agree that the English
version will govern. (For Canada: Les parties aux présentés confirment leur volonté que cette convention de méme que tous les documents y compris tout
avis qui s'y rattaché, soient redigés en langue anglaise. (Translation: The parties confirm that this Agreement and all related documentation is and will be
in the English language)).
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About This Guide

This preface provides the following guidelines for using the JUNOS® Software Multicast
Protocols Configuration Guide:

m  JUNOS Documentation and Release Notes on page xxxi
m  Objectives on page xxxii

m  Audience on page xxxii

m  Supported Platforms on page xxxii

m  Using the Indexes on page xxxiii

m  Using the Examples in This Manual on page xxxiii

m  Documentation Conventions on page Xxxiv

m  Documentation Feedback on page xxxvi

m  Requesting Technical Support on page xxxvi

JUNOS Documentation and Release Notes

For a list of related JUNOS documentation, see
http://www.juniper.net/techpubs/software/junos/ .

If the information in the latest release notes differs from the information in the
documentation, follow the JUNOS Software Release Notes.

To obtain the most current version of all Juniper Networks® technical documentation,
see the product documentation page on the Juniper Networks website at
http://www.juniper.net/techpubs/.

Juniper Networks supports a technical book program to publish books by Juniper
Networks engineers and subject matter experts with book publishers around the
world. These books go beyond the technical documentation to explore the nuances
of network architecture, deployment, and administration using JUNOS Software and
Juniper Networks devices. In addition, the Juniper Networks Technical Library,
published in conjunction with O'Reilly Media, explores improving network security,
reliability, and availability using JUNOS configuration techniques. All the books are
for sale at technical bookstores and book outlets around the world. The current list
can be viewed at http://www.juniper.net/books .
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Objectives

This guide provides an overview of the multicast protocols for the JUNOS Software
and describes how to configure multicast protocols on the router.

NOTE: For additional information about JUNOS Software—either corrections to or
information that might have been omitted from this guide—see the software release
notes at http://www.juniper.net/.

Audience

This guide is designed for network administrators who are configuring and monitoring
a Juniper Networks M Series, MX Series, T Series, EX Series, or ] Series router or
switch.

To use this guide, you need a broad understanding of networks in general, the Internet
in particular, networking principles, and network configuration. You must also be
familiar with one or more of the following Internet routing protocols:

m  Border Gateway Protocol (BGP)

m  Distance Vector Multicast Routing Protocol (DVMRP)

m Intermediate System-to-Intermediate System (IS-IS)

m Internet Control Message Protocol (ICMP) router discovery
m Internet Group Management Protocol (IGMP)

m  Multiprotocol Label Switching (MPLS)

m  Open Shortest Path First (OSPF)

m  Protocol-Independent Multicast (PIM)

m Resource Reservation Protocol (RSVP)

m  Routing Information Protocol (RIP)

m  Simple Network Management Protocol (SNMP)

Personnel operating the equipment must be trained and competent; must not conduct
themselves in a careless, willfully negligent, or hostile manner; and must abide by
the instructions provided by the documentation.

Supported Platforms

xxxii

Objectives

For the features described in this manual, JUNOS Software currently supports the
following platforms:

m ] Series

m M Series
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m MX Series
m T Series
m EX Series

Using the Indexes

This reference contains two indexes: a complete index that includes topic entries,
and an index of statements and commands only.

In the index of statements and commands, an entry refers to a statement summary
section only. In the complete index, the entry for a configuration statement or
command contains at least two parts:

m  The primary entry refers to the statement summary section.

m  The secondary entry, usage guidelines, refers to the section in a configuration
guidelines chapter that describes how to use the statement or command.

Using the Examples in This Manual

If you want to use the examples in this manual, you can use the load merge or the
load merge relative command. These commands cause the software to merge the
incoming configuration into the current candidate configuration. If the example
configuration contains the top level of the hierarchy (or multiple hierarchies), the
example is a full example. In this case, use the load merge command.

If the example configuration does not start at the top level of the hierarchy, the
example is a snippet. In this case, use the load merge relative command. These
procedures are described in the following sections.

Merging a Full Example

To merge a full example, follow these steps:

1. From the HTML or PDF version of the manual, copy a configuration example
into a text file, save the file with a name, and copy the file to a directory on your
routing platform.

For example, copy the following configuration to a file and name the file
ex-script.conf. Copy the ex-script.conf file to the /var/tmp directory on your routing
platform.

system {
scripts {
commit {
file ex-script.xsl;
1
1
}

interfaces {
fxpO {

Using the Indexes B XXXiii
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Merging a Snippet

disable;

unit O {
family inet {

address 10.0.0.1/24;

}

1

}
}

Merge the contents of the file into your routing platform configuration by issuing
the load merge configuration mode command:

[edit]
user@host# load merge /var/tmp/ex-script.conf
load complete

To merge a snippet, follow these steps:

1.

From the HTML or PDF version of the manual, copy a configuration snippet into
a text file, save the file with a name, and copy the file to a directory on your
routing platform.

For example, copy the following snippet to a file and name the file
ex-script-snippet.conf. Copy the ex-script-snippet.conf file to the /var/tmp directory
on your routing platform.

commit {
file ex-script-snippet.xsl; }

Move to the hierarchy level that is relevant for this snippet by issuing the following
configuration mode command:

[edit]
user@host# edit system scripts
[edit system scripts]

Merge the contents of the file into your routing platform configuration by issuing
the load merge relative configuration mode command:

[edit system scripts]
user@host# load merge relative /var/tmp/ex-script-snippet.conf
load complete

For more information about the load command, see the JUNOS CLI User Guide.

Documentation Conventions

Table 1 on page xxxv defines notice icons used in this guide.
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Table 1: Notice Icons

About This Guide

Icon Meaning

Description

Informational note

Indicates important features or instructions.

Caution

Indicates a situation that might result in loss of data or hardware damage.

Warning

Alerts you to the risk of personal injury or death.

Laser warning

B B @

Alerts you to the risk of personal injury from a laser.

Table 2 on page xxxv defines the text and syntax conventions used in this guide.

Table 2: Text and Syntax Conventions

Convention

Description

Examples

Bold text like this

Represents text that you type.

To enter configuration mode, type the
configure command:

user@host> configure

Fixed-width text like this

Represents output that appears on the
terminal screen.

user@host> show chassis alarms
No alarms currently active

Italic text like this

Introduces important new terms.
Identifies book names.

Identifies RFC and Internet draft
titles.

m A policy term is a named structure
that defines match conditions and

actions.

m  JUNOS System Basics Configuration
Guide

m RFC 1997, BGP Communities
Attribute

Italic text like this

Represents variables (options for which
you substitute a value) in commands or
configuration statements.

Configure the machine’s domain name:

[edit]
root@# set system domain-name
domain-name

Plain text like this

Represents names of configuration
statements, commands, files, and
directories; IP addresses; configuration
hierarchy levels; or labels on routing
platform components.

m  To configure a stub area, include
the stub statement at the [edit
protocols ospf area area-id]
hierarchy level.

m  The console port is labeled
CONSOLE.

< > (angle brackets)

Enclose optional keywords or variables.

stub <default-metric metric>;
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Table 2: Text and Syntax Conventions (continued)

Convention

Description

Examples

| (pipe symbol)

Indicates a choice between the mutually
exclusive keywords or variables on either
side of the symbol. The set of choices is
often enclosed in parentheses for clarity.

broadcast | multicast

(stringl | string2 | string3)

# (pound sign)

Indicates a comment specified on the
same line as the configuration statement
to which it applies.

rsvp { # Required for dynamic MPLS only

[ 1 (square brackets)

Enclose a variable for which you can
substitute one or more values.

community name members [
community-ids ]

Indention and braces ( { })

Identify a level in the configuration
hierarchy.

; (semicolon)

Identifies a leaf statement at a
configuration hierarchy level.

[edit]
routing-options {
static {
route default {
nexthop address;
retain;
}
}
}

J-Web GUI Conventions

Bold text like this

Represents J-Web graphical user
interface (GUI) items you click or select.

m  Inthe Logical Interfaces box, select
All Interfaces.

m  To cancel the configuration, click
Cancel.

> (bold right angle bracket)

Separates levels in a hierarchy of J-Web
selections.

In the configuration editor hierarchy,
select Protocols > Ospf.

Documentation Feedback

We encourage you to provide feedback, comments, and suggestions so that we can
improve the documentation. You can send your comments to
techpubs-comments@juniper.net, or fill out the documentation feedback form at
https://www.juniper.net/cgi-bin/docbugreport/. If you are using e-mail, be sure to include

the following information with your comments:

m  Document or topic name

m  URL or page number

m  Software release version (if applicable)

Requesting Technical Support

Technical product support is available through the Juniper Networks Technical
Assistance Center (JTAC). If you are a customer with an active J-Care or JNASC support
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contract, or are covered under warranty, and need postsales technical support, you
can access our tools and resources online or open a case with JTAC.

m  JTAC policies—For a complete understanding of our JTAC procedures and policies,
review the JTAC User Guide located at
http://www.juniper.net/customers/support/downloads/710059.pdf .

m  Product warranties—For product warranty information, visit
http://www.juniper.net/support/warranty/ .

m  JTAC Hours of Operation —The JTAC centers have resources available 24 hours
a day, 7 days a week, 365 days a year.

Self-Help Online Tools and Resources

For quick and easy problem resolution, Juniper Networks has designed an online
self-service portal called the Customer Support Center (CSC) that provides you with
the following features:

m  Find CSC offerings: http://www.juniper.net/customers/support/
m  Search for known bugs: http://www2.juniper.net/kb/
m  Find product documentation: http://www.juniper.net/techpubs/

m  Find solutions and answer questions using our Knowledge Base:
http://kb.juniper.net/

m  Download the latest versions of software and review release notes:
http://www.juniper.net/customers/csc/software/

m Search technical bulletins for relevant hardware and software notifications:
https://www.juniper.net/alerts/

m Join and participate in the Juniper Networks Community Forum:;
http://www.juniper.net/company/communities/

m  Open a case online in the CSC Case Management tool: http://www.juniper.net/cm/

To verify service entitlement by product serial number, use our Serial Number
Entitlement (SNE) Tool: https://tools.juniper.net/SerialNumberEntitlementSearch/

Opening a Case with JTAC

You can open a case with JTAC on the Web or by telephone.
m  Use the Case Management tool in the CSC at http://www.juniper.net/cm/ .

m Call 1-888-314-JTAC (1-888-314-5822 toll-free in the USA, Canada, and Mexico).

For international or direct-dial options in countries without toll-free numbers, visit
us at http://www.juniper.net/support/requesting-support.html
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Part 1
Introduction to Multicast

m  Multicast Overview on page 3

m [P Multicast Overview on page 17
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Chapter 1

Multicast Overview

This chapter discusses the following topics:

Comparing Multicast to Unicast on page 3

I[P Multicast Uses on page 5

[P Multicast Terminology on page 6

Multicast Leaf and Branch Terminology on page 7
Dense and Sparse Modes for Multicast Networks on page 7
I[P Multicast Building Blocks Overview on page 8
[P Multicast Addressing on page 8

Multicast Administrative Scoping on page 9
Multicast Interface Lists on page 9

Multicast Reverse-Path Forwarding on page 10
Multicast Shortest-Path Tree on page 11

Multicast Rendezvous Points, Shared Trees, and the Rendezvous-Point
Trees on page 12

Multicast RPF Checks on page 13

Populating the Multicast RPF Table on page 14
Protocols for Multicast on page 14

Multicast Group Membership Protocols on page 14

Multicast Routing Protocols on page 15

Comparing Multicast to Unicast

The JUNOS Software routing protocol process supports a wide variety of routing
protocols. These routing protocols carry network information among routers not only
for unicast traffic streams sent between one pair of clients and servers, but also for
multicast traffic streams containing video, audio, or both, between a single server
source and many client receivers. The routing protocols used for multicast differ in
many key ways from unicast routing protocols.

Information is delivered over a network by three basic methods: unicast, broadcast,
and multicast.

Comparing Multicast to Unicast
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The differences among unicast, broadcast, and multicast can be summarized as
follows:

m  Unicast: One-to-one, from one source to one destination.
m  Broadcast: One-to-all, from one source to all possible destinations.

m  Multicast: One-to-many, from one source to multiple destinations expressing an
interest in receiving the traffic.

NOTE: This list does not include a special category for many-to-many applications,
such as online gaming or videoconferencing, where there are many sources for the
same receiver and where receivers often double as sources. Many-to-many is a service
model that repeatedly employs one-to-many multicast and therefore requires no
unique protocol. The original multicast specification, RFC 1112, supports both the
any-source multicast (ASM) many-to-many model and the source-specific multicast
(SSM) one-to-many model.

With unicast traffic, many streams of IP packets that travel across networks flow
from a single source, such as a Web site server, to a single destination such as a
client PC. This is still the most common form of information transfer on networks.

Broadcast traffic flows from a single source to all possible destinations reachable on
the network, which is usually a LAN. Broadcasting is the easiest way to make sure
traffic reaches its destinations.

Television networks use broadcasting to distribute video and audio. Even if the
television network is a cable television (CATV) system, the source signal reaches all
possible destinations, which is the main reason that some channels' content is
scrambled. Broadcasting is not feasible on the public Internet because of the enormous
amount of unnecessary information that would constantly arrive at each end user's
device, the complexities and impact of scrambling, and related privacy issues.

Multicast traffic lies between the extremes of unicast (one source, one destination)
and broadcast (one source, all destinations). Multicast is a “one source, many
destinations” method of traffic distribution, meaning only the destinations that
explicitly indicate their need to receive the information from a particular source
receive the traffic stream.

On an [P network, because destinations (clients) do not often communicate directly
with sources (servers), the routers between source and destination must be able to
determine the topology of the network from the unicast or multicast perspective to
avoid routing traffic haphazardly. Multicast routers replicate packets received on one
input interface and send the copies out on multiple output interfaces.

In IP multicast, the source and destination are almost always hosts and not routers.
Multicast routers distribute the multicast traffic across the network from source to
destinations. The multicast router must find multicast sources on the network, send
out copies of packets on several interfaces, prevent routing loops, connect interested
destinations with the proper source, and keep the flow of unwanted packets to a
minimum. Standard multicast routing protocols provide most of these capabilities,

Comparing Multicast to Unicast
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but some router architectures cannot send multiple copies of packets and so do not
support multicasting directly.

Multicast allows an IP network to support more than just the unicast model of data
delivery that prevailed in the early stages of the Internet. Multicast, originally defined
as a host extension in RFC 1112 in 1989, provides an efficient method for delivering
traffic flows that can be characterized as one-to-many or many-to-many.

Unicast traffic is not strictly limited to data applications. Telephone conversations,
wireless or not, contain digital audio samples and might contain digital photographs
or even video and still flow from a single source to a single destination. In the same
way, multicast traffic is not strictly limited to multimedia applications. In some data
applications, the flow of traffic is from a single source to many destinations that
require the packets, as in a news or stock ticker service delivered to many PCs. For
this reason, the term receiver is preferred to listener for multicast destinations,
although both terms are common.

Network applications that can function with unicast but are better suited for multicast
include collaborative groupware, teleconferencing, periodic or “push” data delivery
(stock quotes, sports scores, magazines, newspapers, and advertisements), server
or Web site replication, and distributed interactive simulation (DIS) such as war
games or virtual reality. Any IP network concerned with reducing network resource
overhead for one-to-many or many-to-many data or multimedia applications with
multiple receivers benefits from multicast.

If unicast were employed by radio or news ticker services, each radio or PC would
have to have a separate traffic session for each listener or viewer at a PC (this is
actually the method for some Web-based services). The processing load and
bandwidth consumed by the server would increase linearly as more people “tune
in” to the server. This is extremely inefficient when dealing with the global scale of
the Internet. Unicast places the burden of packet duplication on the server and
consumes more and more backbone bandwidth as the number of users grows.

If broadcast were employed instead, the source could generate a single IP packet
stream using a broadcast destination address. Although broadcast eliminates the
server packet duplication issue, this is not a good solution for IP because IP broadcasts
can be sent only to a single subnetwork, and IP routers normally isolate IP
subnetworks on separate interfaces. Even if an IP packet stream could be addressed
to literally go everywhere, and there were no need to “tune” to any source at all,
broadcast would be extremely inefficient because of the bandwidth strain and need
for uninterested hosts to discard large numbers of packets. Broadcast places the
burden of packet rejection on each host and consumes the maximum amount of
backbone bandwidth.

For radio station or news ticker traffic, multicast provides the most efficient and
effective outcome, with none of the drawbacks and all of the advantages of the other
methods. A single source of multicast packets finds its way to every interested receiver.
As with broadcast, the transmitting host generates only a single stream of IP packets,
so the load remains constant whether there is one receiver or one million. The
network routers replicate the packets and deliver the packets to the proper receivers,
but only the replication role is a new one for routers. The links leading to subnets
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consisting of entirely uninterested receivers carry no multicast traffic. Multicast
minimizes the burden placed on sender, network, and receiver.

IP Multicast Terminology

Multicast has its own particular set of terms and acronyms that apply to IP multicast
routers and networks. Figure 1 on page 6 shows a general view of some of the
terms commonly used in an [P multicast network.

In a multicast network, the key component is the router, able to replicate packets
and therefore multicast-capable. The routers in the IP multicast network, which has
exactly the same topology as the unicast network it is based on, use a multicast
routing protocol to build a distribution tree that connects receivers (preferred to the
multimedia implications of listeners, but listeners is also used) to sources. In multicast
terminology, the distribution tree is rooted at the source (the root of the distribution
tree is the source). The interface on the router leading toward the source is the
upstream interface, although the less precise terms incoming or inbound interface are
used as well. To keep bandwidth use to a minimum, it is best for only one upstream
interface on the router to receive multicast packets. The interface on the router
leading toward the receivers is the downstream interface, although the less precise
terms outgoing or outbound interface are used as well. There can be 0 to N-1
downstream interfaces on a router, where N is the number of logical interfaces on
the router. To prevent looping, the upstream interface must never receive copies of
downstream multicast packets.

Figure 1: Multicast Terminology in an IP Network
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Routing loops are disastrous in multicast networks because of the risk of repeatedly
replicated packets. One of the complexities of modern multicast routing protocols
is the need to avoid routing loops, packet by packet, much more rigorously than in
unicast routing protocols.
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Multicast terminology includes two more complex concepts:
m  Multicast Leaf and Branch Terminology on page 7

m  Dense and Sparse Modes for Multicast Networks on page 7

Multicast Leaf and Branch Terminology

Each subnetwork with hosts on the router that has at least one interested receiver
is a leaf on the distribution tree. Routers can have multiple leaves on different
interfaces and must send a copy of the IP multicast packet out on each interface with
a leaf. When a new leaf subnetwork is added to the tree (that is, the interface to the
host subnetwork previously received no copies of the multicast packets), a new branch
is built, the leaf is joined to the tree, and replicated packets are now sent out on the
interface. The number of leaves on a particular interface does not affect the router.
The action is the same for one leaf or a hundred.

When a branch contains no leaves because there are no interested hosts on the router
interface leading to that IP subnetwork, the branch is pruned from the distribution
tree, and no multicast packets are sent out that interface. Packets are replicated and
sent out multiple interfaces only where the distribution tree branches at a router,
and no link ever carries a duplicate flow of packets.

Collections of hosts all receiving the same stream of IP packets, usually from the
same multicast source, are called groups. In IP multicast networks, traffic is delivered
to multicast groups based on an IP multicast address, or group address. The groups
determine the location of the leaves, and the leaves determine the branches on the
multicast network.

Dense and Sparse Modes for Multicast Networks

The actions of receivers suggest two basic strategies for protocols to handle joining
and pruning branches among a collection of multicast routers:

m  Dense-mode multicast—The assumption could be made that almost all possible
subnets have at least one receiver wanting to receive the multicast traffic from
a source, so the network is flooded with traffic on all possible branches, then
pruned back when branches do not express an interest in receiving the packets,
explicitly (by message) or implicitly (time-out silence). This is the dense mode of
multicast operation. LANs are appropriate networks for dense-mode operation.

m  Sparse-mode multicast—Alternatively, the assumption could be made that very
few of the possible receivers want packets from this source, so the network
establishes and sends packets only on branches that have at least one leaf
indicating (by message) a desire for the traffic. This is the sparse mode of multicast
operation. WANs are appropriate networks for sparse-mode operation, and
indeed a common multicast guideline is not to run dense mode on a WAN under
any circumstances.

Some multicast routing protocols, especially older ones, support only dense-mode
operation, which makes them inappropriate for use on the public Internet. Others
allow sparse mode as well. If sparse-dense mode is supported, the multicast routing
protocol allows some multicast groups to be sparse and other groups to be dense.

Multicast Leaf and Branch Terminology ® 7
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There is also a difference between the multicast protocols used between host and
router and between the multicast routers themselves. Hosts on a given subnetwork
need to inform their router only whether or not they are interested in receiving
packets from a certain multicast group. The source host needs to inform its routers
only that it is the source of traffic for a particular multicast group. In other words,
no detailed knowledge of the distribution tree is needed by any hosts, only a group
membership protocol to inform routers of their participation in a multicast group.
Between adjacent routers, on the other hand, the multicast routing protocols must
avoid loops as they build a detailed sense of the network topology and distribution
tree from source to leaf. So, different multicast protocols are used for the host-router
portion and the router-router portion of the multicast network.

IP Multicast Building Blocks Overview

Implementing an IP multicast network is made simpler by using a number of
standardized building blocks. These IP multicast building blocks include a special IP
multicast address space, administrative scoping to prevent large-scale routing loops,
upstream and downstream interface lists, reverse path forwarding (RPF) to prevent
small-scale routing loops, a shortest-path tree (SPT) algorithm to build a minimal
distribution tree, and a rendezvous point (RP) and associated rendezvous-point tree
(RPT) to allow sparse mode receivers to find sources.

There are six major IP multicast building blocks:

m [P Multicast Addressing on page 8

m  Multicast Administrative Scoping on page 9

m  Multicast Interface Lists on page 9

m  Multicast Reverse-Path Forwarding on page 10

m  Multicast Shortest-Path Tree on page 11

m  Multicast Rendezvous Points, Shared Trees, and the Rendezvous-Point Trees on
page 12

IP Multicast Addressing

8

Multicast uses the Class D IP address range (224.0.0.0 through 239.255.255.255).
Class D addresses are commonly referred to as multicast addresses because the entire
classful address concept is obsolete. Multicast addresses can never appear as the
source address in an IP packet and can only be the destination of a packet.

Multicast addresses usually have a prefix length of /32, although other prefix lengths
are allowed. Multicast addresses represent logical groupings of receivers and not
physical collections of devices. Blocks of multicast addresses can still be described
in terms of prefix length in traditional notation, but only for convenience. For
example, the multicast address range from 232.0.0.0 through 232.255.255.255 can
be written as 232.0.0.0/8 or 232/8.

Internet service providers (ISPs) do not typically allocate multicast addresses to their
customers because multicast addresses are concerned more with content than with
physical devices. Receivers are not assigned their own multicast addresses, but need

IP Multicast Building Blocks Overview



Chapter 1: Multicast Overview

to know only the multicast address of the content. Sources need to be assigned
multicast addresses only to produce the content, not to identify their place in the
network. Every source and receiver still needs an ordinary, unicast IP address.

Multicast addressing most often references the receivers, and the source of multicast
content is usually not even a member of the multicast group for which it produces

content. If the source needs to monitor the packets it produces, monitoring can be
done locally, and there is no need to make the packets traverse the network.

Many applications have been assigned a range of multicast addresses for their own
use. These applications assign multicast addresses to sessions created by that
application. You do not usually need to statically assign a multicast address, but you
can do so.

Multicast Administrative Scoping

Routing loops must be avoided in IP multicast networks. Because multicast routers
must replicate packets for each downstream branch, not only do looping packets
not arrive at a destination, but each pass around the loop multiplies the number of
looping packets, eventually overwhelming the network.

Scoping limits the routers and interfaces that can be used to forward a multicast
packet. Scoping can use the time-to-live (TTL) field in the IP packet header, but TTL
scoping depends on intimate knowledge of the network topology by the network
administrator. This topology can change as links fail and are restored, making TTL
scoping a poor solution for multicast.

Multicast scoping is administrative in the sense that a range of multicast addresses
is reserved for scoping purposes, as described in RFC 2365. Routers at the boundary
must be able to filter multicast packets and make sure the packets do not stray
beyond the established limit.

Administrative scoping is much better than TTL scoping, but in many cases the
dropping of administratively scoped packets is still determined by the network
administrator. For example, the multicast address range 239/8 is defined in REC 2365
as administratively scoped, and packets using this range are not to be forwarded
beyond a network “boundary,” usually a routing domain. But only the network
administrator knows where the border routers are and can implement the scoping
correctly.

Multicast groups used by unicast routing protocols, such as 224.0.0.5 for all Open
Shortest Path First (OSPF) routers, are administratively scoped for that LAN only.
This scoping allows the same multicast address to be used without conflict on every
LAN running OSPF.

Multicast Interface Lists

To avoid multicast routing loops, every multicast router must always be aware of the
interface that leads to the source of that multicast group content by the shortest path.
This is the upstream (incoming) interface, and packets are never to be forwarded
back toward a multicast source. All other interfaces are potential downstream
(outgoing) interfaces, depending on the number of branches on the distribution tree.

Multicast Administrative Scoping ® 9
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Routers closely monitor the status of the incoming and outgoing interfaces, a process
that determines the multicast forwarding state. A router with a multicast forwarding
state for a particular multicast group is essentially “turned on” for that group's content.
Interfaces on the router's outgoing interface list send copies of the group's packets
received on the incoming interface list for that group. The incoming and outgoing
interface lists might be different for different multicast groups.

The multicast forwarding state in a router is usually written in either (S,G) or (*,G)
notation. These are pronounced “ess comma gee” and “star comma gee,” respectively.
In (S,G), the S refers to the unicast IP address of the source for the multicast traffic,
and the G refers to the particular multicast group IP address for which S is the source.
All multicast packets sent from this source have S as the source address and G as
the destination address.

The asterisk (*) in the (*,G) notation is a wildcard indicating that the state applies to
any multicast application source sending to group G. So, if two sources are originating
exactly the same content for multicast group 224.1.1.2, a router could use
(*,224.1.1.2) to represent the state of a router forwarding traffic from both sources
to the group.

For more information about the use of multicast forwarding state notations in different
types of distribution trees, see “Multicast Rendezvous Points, Shared Trees, and the
Rendezvous-Point Trees” on page 12. For more information about the use of multicast
notations in different multicast routing protocols, see “Multicast Group Membership
Protocols” on page 14 and “Multicast Routing Protocols” on page 15.

Multicast Reverse-Path Forwarding

10

Unicast forwarding decisions are typically based on the destination address of the
packet arriving at a router. The unicast routing table is organized by destination
subnet and mainly set up to forward the packet toward the destination.

In multicast, the router forwards the packet away from the source to make progress
along the distribution tree and prevent routing loops. The router's multicast forwarding
state runs more logically by organizing tables based on the reverse path, from the
receiver back to the root of the distribution tree. This process is known as reverse-path
Sforwarding (RPF).

The router adds a branch to a distribution tree depending on whether the request
for traffic from a multicast group passes the reverse-path-forwarding check (RPF
check). Every multicast packet received must pass an RPF check before it is eligible
to be replicated or forwarded on any interface.

The RPF check is essential for every router's multicast implementation. When a
multicast packet is received on an interface, the router interprets the source address
in the multicast IP packet as the destination address for a unicast IP packet. The
source multicast address is found in the unicast routing table, and the outgoing
interface is determined. If the outgoing interface found in the unicast routing table
is the same as the interface that the multicast packet was received on, the packet
passes the RPF check. Multicast packets that fail the RPF check are dropped because
the incoming interface is not on the shortest path back to the source.

Multicast Reverse-Path Forwarding
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Figure 2 on page 11 shows how multicast routers can use the unicast routing table
to perform an RPF check and how the results obtained at each router determine
where join messages are sent.

Figure 2: Multicast Routers and the RPF Check
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Routers can build and maintain separate tables for RPF purposes. The router must

have some way to determine its RPF interface for the group, which is the interface

topologically closest to the root. For greatest efficiency, the distribution tree follows
the shortest-path tree topology. The RPF check helps to construct this tree.

Multicast Shortest-Path Tree

The distribution tree used for multicast is rooted at the source and is the shortest-path
tree (SPT) as well. Consider a set of multicast routers without any active multicast
traffic for a certain group (that is, they have no multicast forwarding state for that
group). When a router learns that an interested receiver for that group is on one of
its directly connected subnets, the router attempts to join the tree for that group.

To join the distribution tree, the router determines the unicast IP address of the
source for that group. This address can be a simple static configuration on the router,
or as complex as a set of protocols.

To build the SPT for that group, the router executes an RPF check on the source
address in its routing table. The RPF check produces the interface closest to the
source, which is where multicast packets from this source for this group need to flow
into the router.

The router next sends a join message out on this interface using the proper multicast
protocol to inform the upstream router that it wishes to join the distribution tree for
that group. This message is an (S,G) join message because both S and G are known.
The router receiving the (S,G) join message adds the interface on which the message
was received to its output interface list (OIL) for the group and also performs an RPF
check on the source address. The upstream router then sends an (S,G) join message
out the RPF interface toward the source informing the upstream router that it also
wants to join the group.

Multicast Shortest-Path Tree W 11
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Each upstream router repeats this process, propagating joins out the RPF interface,
building the SPT as it goes. The process stops when the join message:

m  Reaches the router directly connected to the host that is the source, or

m  Reaches a router that already has multicast forwarding state for this source-group
pair.

In either case, the branch is created, each of the routers has multicast forwarding
state for the source-group pair, and packets can flow down the distribution tree from
source to receiver. The RPF check at each router makes sure that the tree is an SPT.

SPTs are always the shortest path, but they are not necessarily short. That is, sources
and receivers tend to be on the periphery of a router network, not on the backbone,
and multicast distribution trees have a tendency to sprawl across almost every router
in the network. Because multicast traffic can overwhelm a slow interface, and one
packet can easily become a hundred or a thousand on the opposite side of the
backbone, it makes sense to provide a shared tree as a distribution tree so that the
multicast source could be located more centrally in the network, on the backbone.
This sharing of distribution trees with roots in the core network is accomplished by
a multicast rendezvous point. For more information about RPs, see “Multicast
Rendezvous Points, Shared Trees, and the Rendezvous-Point Trees” on page 12.

Multicast Rendezvous Points, Shared Trees, and the Rendezvous-Point Trees

In a shared tree, the root of the distribution tree is a router, not a host, and is located
somewhere in the core of the network. In the primary sparse mode multicast routing
protocol, Protocol Independent Multicast sparse mode (PIM SM), the core router at the
root of the shared tree is the rendezvous point (RP). Packets from the upstream source
and join messages from the downstream routers “rendezvous” at this core router.

In the RP model, other routers do not need to know the addresses of the sources for
every multicast group. All they need to know is the IP address of the RP router. The
RP router knows the sources for all multicast groups.

The RP model shifts the burden of finding sources of multicast content from each
router (the (S,G) notation) to the network (the (*,G) notation knows only the RP).
Exactly how the RP finds the unicast IP address of the source varies, but there must
be some method to determine the proper source for multicast content for a particular

group.

Consider a set of multicast routers without any active multicast traffic for a certain
group. When a router learns that an interested receiver for that group is on one of
its directly connected subnets, the router attempts to join the distribution tree for

that group back to RP, not to the actual source of the content.

To join the shared tree, or rendezvous-point tree (RPT) as it is called in PIM sparse
mode, the router must do the following:

m  Determine the IP address of the RP for that group. Determining the address can
be as simple as static configuration in the router, or as complex as a set of nested
protocaols.

12 ® Multicast Rendezvous Points, Shared Trees, and the Rendezvous-Point Trees
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m  Build the shared tree for that group. The router executes an RPF check on the
RP address in its routing table, which produces the interface closest to the RP.
The router now knows that multicast packets from this RP for this group need
to flow into the router on this RPF interface.

m  Send a join message out on this interface using the proper multicast protocol
(probably PIM sparse mode) to inform the upstream router that it wishes to join
the shared tree for that group. This message is a (*,G) join message because S
is not known, only the RP, and the RP is not actually the source of the multicast
packets. The router receiving the (*,G) join message adds the interface on which
the message was received to its OIL for the group and also performs an RPF
check on the RP address. The upstream router then sends a (*,G) join message
out the RPF interface toward the source informing the upstream router that it
also wants to join the group.

Each upstream router repeats this process, propagating joins out the RPF interface,
building the shared tree as it goes. The process stops when the join message reaches
one of the following:

m  The RP for that group

m A router along the RPT that already has a multicast forwarding state for this
group

In either case, the branch is created, and packets can flow from the source to the RP
and from the RP to the receiver. Note that there is no guarantee that the shared tree
(RPT) is the shortest path tree to the source; most likely it is not. However, there are
ways to “migrate” a shared tree to an SPT once the flow of packets begins. In other
words, the forwarding state can transition from (*,G) to (S,G). The formation of both
types of tree depends heavily on the operation of the RPF check and the RPF table.
For more information about the RPF table, see “Multicast RPF Checks” on page 13.

Multicast RPF Checks

The RPF table plays the key role in the multicast router. The RPF table is consulted
for every RPF check, which is performed at intervals on multicast packets entering
the multicast router. Distribution trees of all types rely on the RPF table to form
properly, and the multicast forwarding state also depends on the RPF table.

RPF checks are performed only on unicast addresses to find the upstream interface
for the multicast source or RP.

The routing table used for RPF checks can be the same routing table used to forward
unicast [P packets, or it can be a separate routing table used only for multicast RPF
checks. In either case, the RPF table contains only unicast routes, because the RPF
check is performed on the source address of the multicast packet, not the multicast
group destination address, and a multicast address is forbidden from appearing in
the source address field of an IP packet header. The unicast address can be used for
RPF checks because there is only one source host for a particular stream of IP
multicast content for a multicast group address, although the same content could be
available from multiple sources.

Multicast RPF Checks m 13
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Populating the Multicast RPF Table

If the same routing table used to forward unicast packets is also used for the RPF
checks, the routing table is populated and maintained by the traditional unicast
routing protocols such as Border Gateway Protocol (BGP), Intermediate
System-to-Intermediate System (IS-1S), OSPF, and Routing Information Protocol (RIP).
If a dedicated multicast RPF table is used, this table must be populated by some
other method. Some multicast routing protocols (such as the Distance Vector Multicast
Routing Protocol [DVMRP]) essentially duplicate the operation of a unicast routing
protocol and populate a dedicated RPF table. Others, such as PIM, do not duplicate
routing protocol functions and must rely on some other routing protocol to set up
this table, which is why PIM is protocol independent.

Some traditional routing protocols such as BGP and IS-IS now have extensions to
differentiate between different sets of routing information sent between routers for
unicast and multicast. For example, there is multiprotocol BGP (MBGP) and
multitopology routing in IS-IS (M-ISIS). IS-IS routes can be added to the RPF table
even when special features such as traffic engineering and “shortcuts” are turned
on. Multicast Open Shortest Path First (MOSPF) also extends OSPF for multicast use,
but goes further than MBGP or M-ISIS and makes MOSPF into a complete multicast
routing protocol on its own. When these routing protocols are used, routes can be
tagged as multicast RPF routers and used by the receiving router differently than the
unicast routing information.

Using the main unicast routing table for RPF checks provides simplicity. A dedicated
routing table for RPF checks allows a network administrator to set up separate paths
and routing policies for unicast and multicast traffic, allowing the multicast network
to function more independently of the unicast network.

Protocols for Multicast

The protocols used among a collection of multicast-capable IP routers fall into two
major categories:

m  Multicast group membership protocols that are used between host and router
(and host to host)

m  Multicast routing protocols that are used between routers

Multicast Group Membership Protocols

14 =

Multicast group membership protocols allow a router to know when a host on a
directly attached subnet, typically a LAN, wants to receive traffic from a certain
multicast group. Even if more than one host on the LAN wants to receive traffic for
that multicast group, the router has to send only one copy of each packet for that
multicast group out on that interface because of the inherent broadcast nature of
LANs. Only when the router is informed by the multicast group membership protocol
that there are no interested hosts on the subnet can the packets be withheld and
that leaf pruned from the distribution tree.

Populating the Multicast RPF Table
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There is one standard IP multicast group membership protocol: the Internet Group
Management Protocol (IGMP). However, IGMP has several versions that are supported
by hosts and routers. There are currently three versions of IGMP:

m IGMPv1—The original protocol defined in RFC 1112. An explicit join message
is sent to the router, but a timeout is used to determine when hosts leave a group.
This process wastes processing cycles on the router, especially on older or smaller
routers.

m IGMPv2—Defined in RFC 2236. Among other features, IGMPv2 adds an explicit
leave message to the join message so that routers can more easily determine
when a group has no interested listeners on a LAN.

m IGMPv3—Defined in RFC 3376. Among other features, IGMPv3 optimizes support
for a single source of content for a multicast group, or source-specific multicast
(SSM). (RFC 1112 supported both many-to-many and one-to-many multicast,
but one-to-many is considered the more viable model for the Internet at large.)

Although the various versions of IGMP are backward compatible, it is common for
a router to run multiple versions of IGMP on LAN interfaces because backward
compatibility is achieved by dropping back to the most basic of all versions run on
a LAN. For example, if one host is running IGMPv1, any router attached to the LAN
running IGMPv2 drops back to IGMPv1 operation, effectively eliminating the IGMPv2
advantages. Running multiple IGMP versions ensures that both IGMPv1 and IGMPv2
hosts find peers for their versions on the router.

Multicast Routing Protocols

Multicast routing protocols enable a collection of multicast routers to build (join)
distribution trees when a host on a directly attached subnet, typically a LAN, wants
to receive traffic from a certain multicast group.

There are five multicast routing protocols:

m  DVMRP—The first of the multicast routing protocols and hampered by a number
of limitations that make this method unattractive for large-scale Internet use.
DVMREP is a dense-mode-only protocol, and uses the flood-and-prune or implicit
join method to deliver traffic everywhere and then determine where the
uninterested receivers are. DVMRP uses source-based distribution trees in the
form (S,G).

m  MOSPF—Extends OSPF for multicast use, but only for dense mode. However,
MOSPF has an explicit join message, so routers do not have to flood their entire
domain with multicast traffic from every source. MOSPF uses source-based
distribution trees in the form (S,G).

m  PIM dense mode—This is PIM operating in dense mode (PIM DM), but the
differences from PIM sparse mode are profound enough to consider the two
modes separately. PIM also supports sparse-dense mode, with mixed sparse and
dense groups, but there is no special notation for that operational mode. In
contrast to DVMRP and MOSPF, PIM dense mode allows a router to use any
unicast routing protocol and performs RPF checks using the unicast routing table.
PIM dense mode has an implicit join message, so routers use the flood-and-prune
method to deliver traffic everywh