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src addr dst addr
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 ClassD(224.0.0.0 - 239.255.255.255)% 1| FH

e RFC2365 (Administratively Scoped IP Multicast)
— 224.0.1.0-238.255.255.255 global scope

— 239.192.0.0/14 organization-local scope
— 239.255.0.0/16 Local scope (&)
* |ANA

— ftp://ftp.isi.edu/in-notes/iana/assignments/multicast-addresses
— 224.0.0.1: ALL-SYSTEMS.MCAST.NET

— 224.0.0.2: ALL-ROUTERS.MCAST.NET

— 224.0.1.1 : Network Time Protocol

— 224.0.1.24 : microsoft-ds

m — 224.2.0.0-224.2.127.253 : Multimedia Conference Calls
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« RFC2373, RFC2375

1 1 1
FF 1 flag  1scope | 112bits

zzzaiziifoiont i ] Group ID

Flags: & F4Ibith0 = EIEMICEIYE T
R TIbith’1 = BIRICEIY 4T

Scope: 1 node-local scope

2 link-local scope

5 site-local scope

8 organization-local scope
E global scope

FF02:0:0:0:0:0:0:1  All Nodes Address
FF02:0:0:0:0:0:0:D  All PIM Routers
FF05:0:0:0:0:0:1:3 All-dhcp-servers

FF0X:0:0:0:0:0:0:101 Network Time Protocol (NTP)
FF0X:0:0:0:0:0:0:108 SUN NIS+ Information Service
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Scope & TTL

TTL threshold=16

m TTL threshold=32
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* SAP(Session Announcement Protocol)

— RFC2974

- FORDONIZTFLRIZHLTT FTIURT S
* 224.2.127.254/9875 (global scope DiHE)
* 239.16.33.255 (239.16.32/24 Mi5H)
* FF0X:0:0:0:0:0:2:7FFE (IPv6)

- FzITEya EES AL LIEoKZELz&IZZE

WTWB7FLRZERAL. 7TV RT 5
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» SDP(Session Description Protocol)

— RFC2327

— Byl aliEiE il
v=0 JOoraLES
o=fujii 3142894548 3142894629 IN IP4 202.232.2.14
s=11J Test Channel tyiarg
i=11J Test Channel from Osaka branch. Ty ariER
u=http://help.iij4u.or.jp/Multicast/ URL
e=<support@iij4u.or.jp> A—IJLFERLR
p=+81-3-5205-4444 BHEES
t=3148678800 3151098000 AREAR
m=audio 29748 RTP/AVP 0 media name 0=PCM
c=IN IP4 239.253.128.81/31 connection information
m=video 54210 RTP/AVP 31 31=H.261
c=IN IP4 239.253.128.44/31 multicast address/init TTL
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« RFC2770

« 233/8 &K ASIZ static [ZE|Y LT

o ERD16bit7ICASESEEIY ST, BASIER
ZDBbitRnZEBHIZEZSD

e AS2497 = 0x09c1 = 0x09 & Oxcl =9 & 193 =
233.9.193/24

« 51%.CGI http://gigapop.uoregon.edu/glop/
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e [ETF MALLOC WG
— RFC2771, RFC2908
— TILFXEVPARTRLRADOEHEY LT
- SEEHI 5D
o« KASL2 (AS)E: MASC

— RFC2909
— http://netweb.usc.edu/masc/mascd/

s FASUN:AAP
— draft-ietf-malloc-aap-04.txt
s 75472k~ :MADCAP
— RFC2730
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* IGMP(Internet Group Membership Protocol)

o« A—AIEH TR EDRANNEALT IL—
IZEmLTWshEMA-HDTArIL

* IGMPv1 (RFC1112)

* IGMPv2 (RFC2236)
— Leave Group

e |IGMPV3 (draft-ietf-idmr-igmp-v3-04.txt)
- T4NLE—F—K

» MLD(Multicast Listener Discovery)

— RFC2710
?ﬂ — ICMPVv6 OHJtvk
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224.0.0.1 IZxL T IGMP Query £15
12580 —FE
Max Response Time 10

S —
[\

[239.133.10.30}

-
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239.133.10.30
239.192.50.18
239.202.23.64

239.134.25.2
239.135.62.12

[239.133.10.30}

"




I1)
IGMP @ {148 7 (cont.)

RERALT—RE—F

i .- .- I I
: 239.1i 0.30 239.1?55.2 239.1? 0.30 239.1?0.30
S : 2 2

11)
IGMP 0 {18 #(cont.)

239.133.10.30 [Zx{9" % IGMP Report DE{EFH1E

239.133.10.30
239.192.50.18
239.202.23.64
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239.123.45.6 IZxL T IGMP Report 1515
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239.0.0.2 [ZxL T LeaveGroup 3418
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» IGMP snooping
~ L3RAYFTHEWNE CPU IZERAINTES
o L27Z&IGMP report EEBD /N7y b D B 53 D DHVEELY
- L3RAyF LRI EL<LES
» CGMP(Cisco Group Management Protocol)
- RO IGMP querier IZ#Z TH5S
- RUA—ikFEOTALIL

« |[EEE 802.1 GMRP

— GARP Multicast Registration Protocol
— GARP(Generic Attribute Registratiojn Protocol)
N — host(NIC) A" switch [CRLTRZIEFLI IL—TEHE
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Distance Vector Multicast Routing Protocol

draft-ietf-idmr-dvmrp-v3-10.txt
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120.1.0.0/16 SO M=2
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120.1.0.0/16 SO M=1
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IIJ MBone

Major MBONE Routers and Links

20 Countries

201 Routers

— Lines = 34Mb/s
—— Lines << 2Mb/s . Casoen, 11-May-94
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MBone & 3§

1990 FE K D HEE. DARTNet(DARPA Testbed
Network)A' T1 T PARC, LBL, SRI, ISI, BBN,
MIT,University of Delaware Z 2%V T, &Ksite (X
SPARCstation T mrouted Z&jH LT DVMRP T
native ¥ JLFF v AMEZED/ELVTLV:

19924 M 3 A (< San Diego TiThht= IETF
meeting DEFEZH# T LHILITLT
ZDREADSMEAIL US, AU, Sweden, UK
DHEHIZLFEIN . DVMRP tunnel D5 %D E
HETHMSE=HITHERIASDSMAH T
#tL YT Washington DC T® IETF TIX video 1
EbEHLETIThn:
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« mrouted A MBone TILaK{EHhnf--HIZE X
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- 2R flat LD TREBEHRD L EICERNHMNS

- FERELEEIZLS flapping FIRE
- ARLEIR) DML 2 JIZFE T flooding 374
— prune LN/ —FK Y Blackhole 1£9° %
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Protocol Independent Multicast

« unicast routing protocol [Z{&7FL7ELY
« Z(Dense)E—FK

- PO T, RIEEN S MTvIEENGES

— flooding & pruning (poison reverse 7:L)

— draft-ietf-pim-v2-dm-03.txt
 Bf(Sparse)E—FK

- BWMBET, 2EFENDLEL MST090300 0G5S

- SUTT—RAUMERE

- BEEEZIIRPARITTEE

- ZEHIIRPABIRMIZHELMZTC

— RFC2362
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PIM Sparse Mode
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PIM Sparse Mode

( 7 entry (S entry
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S’s Packet
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CISCO-RP-ANNOUNCE.MCAST.NET
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(o) Gooent - !
224.0.1.40 IZRLTFF O RT S
CISCO-RP-DISCOVERY.MCAST.NET
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PIMv2 BSR
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St
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(»)

224.0.0.13 IZRLTT7F O RT S
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— Auto-RP 45 BSR D {L# A TxIG
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Inter-Domain Multicast Routing

 BGMP(Border Gateway Multicast Protocol)

-~ MASC TEIYLYToNn=7FLRIZELTIZ.
FDR AL D root domain 127525

— Bidirectional Shared Tree

— RPF FHD#ZE&1E BGP4+ M NLRI(Network
Layer Reachability Information) Z{# >

« FEEEEERICITEFR[ALND

"
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IDMR O %5 HApY 75 #2

« BGP4+({&#%8 MBGP:Multiprotocol/Multicast)
- BNnTAHL. #ENTSHL
— BGP4 DL AT FIAL KD
— RPF FDRERDLEIT NLRI 25
— RFC2283(Multiprotocol Extensions for BGP-4)
o« EEDTILFX YA YT+ T—FRIC
[X PIM-SM #{££5
— T% Third-party Resource Dependency A3 V42
~ * MSDP(Multicast Source Discovery Protocol)
wn - RPTT7IT147%—REHREIML LS
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MIX(MBGP peer)

Multicast Netowrk
202.232.2/24
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MIX(packet feed) sra

Source
202.232.2.73

224.2.2.2
MSDP peer =

_ ssage
Join 4.2.2.2,202.232.2.73)

Join
224.2.2.2 N v
ISP B
/ i

receiver
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SSM

Source-Specific Multicast
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s —XEZOWMEERARZTEE

« IGMPV3 DYV —XFFLRIEEWREEES
TER

« BFEDY—AMBSD shortest path tree 12
join 9%

« 232/8 DT7FLAEMEFE>TERFE

 http://www.ietf.org/html.charters/ssm-charter.html

pa

1L URD

URL Rendezvous Directory

http://webserver:659/path?group=group&source=source

receiver

GET /path?group:group&so?e:source HTTP/1.0

gal v
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1:202.232.1/24
133.210/16
2:210.130.0/24

sender
—_—

dst addr = 202.232.1.2
ip opt 133.210.0.1
210.130.0.1 L
Receiver
#210.130.0.1

pa
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. BHEDEFRBOALSAUT— L

EDRARZETE
o Al

— TILFFYRAPML—EF—BRTE
—ZHDTIN—TOY—RAMFEAHE
o TH)Yk
—L—ADBET—TILOSEBEIHMNIEZ S
- ZEEFDORIZBYLHD
http://www.alcatel.com/xcast/
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+ 19804 RT¥ Stanford XK= B+ BIEHEFHD
Steve Deering K [£5810S DR E T Vsystem
ELVSEL OS ZRAFL TULVELT:

+ Vsystem (& Ethernet T (ENF-BRIESEDTILTF
Tatyi Y RF LT, MAC layer multicat
FoTAYE—VERMT HLDTLL:

o EIAN AR EDITENTHEHOHBIEZ
Tz, L—2DRAZSBIDETEBEBFEL
f=<{Igo1=W 5%, Layer3 TOIILFXF Y ALEIE
MEEEEDZEIZLELE
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TILFX v ARG GIL—A

VIRIITY
mrouted
— ftp:/ftp.iij.ad.jp/pub/multicast/mrouted
— DVMRP
- BEHE

* /etc/mrouted.conf [Z
« tunnel B4 5 metric 1 threshold 32 rate_limit 512

gated

— http://www.gated.org/

— BGMP,PIM-SM,PIM-DM,MSDP

— A= T LAV N—DHE T

pimd

— http://catarina.usc.edu/pim/pimd/ (PIM-SM)

— http://www.antc.uoregon.edu/PIMDM/pimd-dense.html
zpimd

— ftp://robur.slu.se/pub/Routing/Zebra/zpimd-current.tar.gz

I1J

=

TILF X ARG IL—4
IN—KDOIT

Cisco

— PIM-DM, PIM-SM, MBGP, MSDP

— ftp://ftp-eng.cisco.com/ipmulticast.html
Baynetworks(Nortel Networks)

— DVMRP, MOSPF, PIM-SM, MBGP, MSDP
Juniper

— DVMRP, PIM-SM, MBGP, MSDP
Cabletron SSR

— DVMRP, PIM-DM/SM

FOUNDARY

— DVMRP, PIM-DM/SM

NEC

— 1P8000 (DVMRP/PIM), IX5000(DVMRP/PIM-SM)
HiL

— GR2000 (DVMRP,PIM)

EL&E

— SR8800 (PIM-DM)
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PIM-DM

EO
SO

TunhelO

mrouted

N 192.168.10.5

2% 7€ 15l

ip multicast-routing

interface EthernetO \

ip address 192.168.1.1 255.255.255.0
ip pim dense-mode

interface Serial0
ip address 192.168.3.1 255.255.255.0
ip pim dense-mode

interface TunnelO

ip unnumberd Serial0O

ip pim dense-mode

ip multicast ttl-threshold 32
ip multicast rate-limit in 512
ip multicast rate-limit out 512

tunnel source Serial0

tunnel destination 192.168.10.5
tunnel mode dvmrp

/

I1J

PIM-SM

EO

Rus point
_/

192.168.20.5

"

&% 7€ 151

ip multicast-routing

interface EthernetO

ip address 192.168.1.1 255.255.255.0
ip pim sparse-mode

interface Serial0

ip address 192.168.3.1 255.255.255.0
ip pim sparse-mode

ip pim rp-address 192.168.20.5 /
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Py

PIM-SM

EO

us point
\_/

192.168.20.5

=% E Hl (Auto-RP)
\

ip address 192.168.1.1 255.255.255.0
ip pim sparse-dense-mode

ip multicast-routing

interface Serial0
ip address 192.168.3.1 255.255.255.0

ip pim sparse-dense-mode /

Auto-RP

ip pim send-rp-announce EthernetO scope 32
ip pim send-rp-discovery scope 32

(Mapping Agent 3& )

I1J

"

R

PIM-SDM

EO

us point
N

192.168.20.5

&% 7€ 151

ip multicast-routing

interface EthernetO

ip address 192.168.1.1 255.255.255.0
ip pim sparse-dense-mode

interface Serial0
ip address 192.168.3.1 255.255.255.0

ip pim sparse-dense-mode /

Auto-RP

ip pim send-rp-announce EthernetO scope 32
—group-list 99

access-list 99 permit 239.0.0.0 0.255.255.25
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IERIL—25% EH (Auto-RP)

EO

interface SerialO
ip multicast boundary 10

access-list 10 deny 224.0.1.39
access-list 10 deny 224.0.1.40
SO access-list 10 permit any

Q fthH A~

"
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PIM-SMv2 BSR £&5E 5

ip pim rp-candidate EthernetO group-list 10
access-list 10 permit 239.0.0.0 0.127.255.255

®
N

(

ip pim bsr-candidate EthernetO 30 priority 5

I

ip pim rp-candidate EthernetO group-list 10
access-list 10 permit 239.128.0.0 0.127.255.255

®
=

"
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- BRIL—42F%EH (BSR Msg)

EO interface Serial0
ip pim border

SO

e

IIJ TA.ET L ZATILTYTIL—4

o TALET LIZMEIRELL(EATHEE

o BATIT YT IL—BIL. IGMP Ty |Zhi>
TUWWN IS E(ZE AR EE
— 1IJ SEIL
- @iAE&T MUCHO
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TILF X A0S
SunOS

— SunOS 4.1.x (ipmulti3.5-sunos41x.tar.gz)
— ftp:/ftp.iij.ad.jp/pub/multicast/kernel/
— Solaris 2.x (Solaris_mc35+2.x-patch.tar.gz)
— ftp://playground.sun.com/pub/multicast/
BSD/OS
— options MULTICAST
— #options MROUTING
FreeBSD, NetBSD
— #options MROUTING
Linux
— make menuconfig -> Networking options
* |IP multicasting
* IP multicast routing
* IP tunneling
IRIX, AlX, DIGITAL UNIX
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T ILF v A% IEOS(cont.)

Microsoft Windows95
— IGMP version 1

Microsoft Windows98
— IGMP version 2

Microsoft WindowsNT
— version 3.5 LI E

Microsoft Windows2000

MacOS

— 7.5.3 LI k. OpenTransport 1.1.2 KL E
— OT1.3 Tl PPP TIEERART

— 8.5.1 TIX IGMP versionl
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« SATERME

— RealSystem, WMT, QT4, MobileMotion,
SoftwareVision

— IP/TV, liveCaster, PrimeCast

— vic, vat

— OPTIVISION NAC-3000(MPEG1,2), Minerva,
Audioactive(mp3)

« J7AILERE

— JAVA, Castanet

— FAZZT(KenCast)

— CMC(Fantastic)

 Conference
— Centra

Wﬂ — Marratech
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RealG2Server
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RealG2Server D% E

Configure -> Multicasting -> Back-Channel [ZTE&E

<List Name="Multicast">
<Var Enabled="1"/>
<Var AnnounceSap="1"/>
<Var DeliveryOnly="0"/>
<Var TTL="31"/>
<Var PNAPort="7070"/>
<Var Resend="1"/>
<Var AddressRange="239.192.200.0-239.192.200.255"/>
<Var RTSPPort="554"/>
<List Name="ControlList">
<List Name="100">
<Var Allow="210.130.0.0:255.255.0.0"/>
</List>

</List>
</List>

Windows Media
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Windows Media(cont.)

o RT3 (ZDH—/\DFRER?) IZTILFF
ARTRLRADHEATILZERE T
o AT—L3VDHRIZRAMN)—LEFHZRTET S
- I a—43HhoNTATAN)—L
msbd://encoder:7007
- TARY EDASFI7AILE#EYRLEBAELATHE
— DY —/ DD P #EE AT RE
mshd://other_server/stationl
e DTATUME Nttp BEATERELT nsc T7 AL
DHRZEVTHETILFFrARFRLXRIZ join

s &

10

liveCaster

Set the network parameters for the audio channel being transmitted
multicast address port scope (TTL)
[226.102.187.191 60810 region (63) —
network data format |MPEG layer III audio |
transmission protocol |RTP[U DP |
outgoing bit rate limit |32 | kbps
title |Test Channel
description (optional) |M P3 audio

a promotional URL (optional)

your phone number (optional)'

oK |

=
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- liveCaster @) {+#A &

Ic -d /var/musicdata/

—
TILTFFrAL
934AT7 NIk
Winamp
Audioactive
FreeAmp

BHFHR(OA=FrAH)

- =
- ;;EI music.m3u
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5 Marratech

*” Whiteboard. Manatech Corri {anratech
|5t Edt ovject ocument Tools Help
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meeting
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—11J(11J4U, CATV)
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(MegaWaveSelect)
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— Reliable Multicast Protocol % |3
o EKMIZ live feed D H

- - demand
w ﬂ near on

IIJ Reliable Multicast Protocol

 ZRLFAREEX—TEENOTORIILT
HWN—F B EITAAEE
— —xt%?2or X E?
- ZEFEDOE (471)
— 100%7? or 99%
— T LA LHEIE? (B TEEDTEETEHLNWN?)
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— ACK based — #EEZITERT—)LLAELY
e — Tree-based ACK — Treet&:& D EEAEEI
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I IJ IETF RM-WG

o 3DDAXZTUHIIREL
— NACK Protocol
— TRACK Protocol
- ALC + FEC
 WETERIRMEAMMIELTHE
— draft-ietf-rmt-buildingblocks-03.txt
- R=REBHHFFEITOLaL
* NACK: SRM(Sally Floyd @LBL)
* TRACK: RMTP-II(Whetten@Talarian)
» FEC: Digital Fountain
* GRS: PGM(Cisco)

I IJ EHIEET
S e HSMN(http://www.iij.ad.jp/hsmn/)
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IP Multicast Initiative(IPMI)

http://www.ipmulticast.com/

KTL996F ZERILSN =K R EHK

Stardust.com AN E 4
IPRILFF Y AR OEREFZBH

- BffiRF AU RET

- 3 —RHEE

- MHEERREER

- F(Z—F IP Multicast Summit (ASPCON NY Feb. 21-23, 2001)
IN—RRUE YTRRUA (ISP, ICP (47%t)

— 3Com,Cisco,Extreme,HP,IBM,Intel,Lucent,Nortel,Sun

— AT&T, C&W,Gilat,Hughes,l1J,PanAmSat,Sprint, UUNET,Qwest
— Fantastic,RealNetworks, TIBCO,Yahoo Broadcast.com

I1J
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IPMI-JP

http://www.iijnet.or.jp/ipmulticast/

ML:E A 5 (ipmulticast@iijnet.or.jp)
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— Anytimetv
— GlobeCast
— SCM MICROSYSTEMS (St@rKey)
— TELEMANN (SKYMEDIA)
* Digital TV
— DTV Plus
— GEOCAST
— THOMCAST
i — SkyStream
. DSL
R — REALmagic

Wﬂ — PIXStream, IMAGICTV

GlobeCast

BroadMedia @ Satellite 4
IP Content Dish
Delivery {7 |me—>

IP-COMPANION  10/100BaseT &
6500 Ethernet Desktop/Enterprise LAN

I
P
R3-530 =
IP-COMPANION 10!1%1
2500 Ethernet

W > D

Satellite :L-b> @ SII;?IHM

: ASI

Land e IP-COMPANION  10/100BaseT
Satellite Receiver 5500 Ethernet Cable
LMDS/MM P Headend
::> Antenna Ast _ ISPMSD

IP-COMPANION  10/100BaseT
LMDS/MMDS
Base Station 5500 Ethernet




- SKYMEDIA

SkyMedia-200/300/200D
QPC-300

Personal User

-Q A 3

\ P-DVE Gateway =
& TMID-200/200N
N b_ me
Personal L =
PROXY SERVER
SERVER LAN WTERNGS Lrrdly PPP o prr?
DTR S5000N
Large Business Solution
with LANRouting software - 3
AccessGate USEs
Subscrlber IP Address USER - UsER
Single Subscriber
Corporate User(LAN)

PC + Set Top Box : AllIn One Box




LOGIC INNOVATIONS

Proxy Gateway

TBuEE

ulticast Subscriber

Unicgat Gliants

Unicast Subscriber

=

1 Dial up Heturn Path

Uplink

, GEOCAST

Geocast NOC

Satellite TV
company

(N)(N)(N)
National content
parnters

3. The Geocast Personal Server
receives, parsonalizes, and
caches content for on-demand
access on the user's PC.

1. National content is
aggregated and scheduled
for transmission at the
Geocast Network
Operations Center.

Local cable
company

2. Content is transmitted by
- any (ar all) of these methods:
Geacast's local broadcasting
partners via their digital TV
signals; satellite TV; or local
cable companies.

Local
broadcaster

THE INTERNET jeossssssssssanaaady 0 i,

RETURN PATH
THROUGH USER'S ISP
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