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#® 224.0.0.0 - 239.255.255.255
@® RFC3173)
m 224.0.0.0 -224.0.0.255 (224.0.0/24)
s 224.0.1.0 -224.0.1.255 (224.0.1/24)
s 224.0.2.0 -224.0.255.0 AD-HOC
s 224.1.0.0 -224.1.255.255 (224.1/16) ST-ll (IPVv5)
m 224.2.0.0 -224.2.255.255 (224.2/16) SDP/SAP
m 224.252.0.0 - 224.255.255.255 DIS(Distributed Interactive Simulation)
s 224.3.0.0 -231.255.255.255 RESERVED
= 232.0.0.0 -232.255.255.255 (232/8) Source Specific Multicast Block
= 233.0.0.0 -233.255.255.255 (233/8) GLOP Block
s 234.0.0.0 -238.255.255.255 RESERVED
= 239.0.0.0 -239.255.255.255 (239/8) Administratively Scoped Block
Copyright © 2006, Internet Initiative Japan Inc. 9
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# Local Network Control Block (224.0.0.0-224.0.0.255)

224.0.0.1 : All Systems on this Subnet (ALL-SYSTEMS.MCAST.NET)
224.0.0.2 : All Routers on this Subnet

224.0.0.5 : OSPFIGP OSPFIGP All Routers

224.0.0.6 : OSPFIGP OSPFIGP Designated Routers

224.0.0.13 : All PIM Routers

224.0.0.18 : VRRP

224.0.0.102 : HSRP

TTL 1

# Internetwork Control Block (224.0.1.0-224.0.1.255)

224.0.1.1 : NTP

224.0.1.24 : microsoft-ds
224.0.1.39 cisco-rp-announce
224.0.1.40 cisco-rp-discovery

1.0.0.224.in-addr.arpa. 1D IN PTR ALL-SYSTEMS.MCAST.NET.

Copyright © 2006, Internet Initiative Japan Inc. 10
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# SAP(Session Announcement Protocol) (224.2.0.0-224.2.255.255)
= RFC2974
]
¢ 224.2.127.254 (global scope )
+ 239.16.33.255 (239.16.33/24 )
+ FFOX::2:7FFE (IPv6)
]
Copyright © 2006, Internet Initiative Japan Inc. 11
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# Source Specific Multicast Block (232.0.0.0-232.255.255.255)

SSM

232/8
(source specific join)

@ GLOP (233.0.0.0-233.255.255.255)

RFC2770,RFC3138,RFC3180
233/8 16bit AS AS 8bit

AS2497 = 0x9cl 0x09  Oxcl 10
233.9.193/24

CGlI http://gigapop.uoregon.edu/glop/
Private AS(64512-65535) 233.252.0.0-233.255.255.255
4byte AS

Copyright © 2006, Internet Initiative Japan Inc.
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4

# Administratively Scoped IP Multicast address
= RFC2365

= 239.0.0.0 - 239.255.255.255 (239/8)
+ 239.255.0.0/16 Local scope (

L]
= 239.254.0.0/16
= 239.253.0.0/16

+ 239.192.0.0/14 organization-local scope (

-

= 239.0.0.0/10

= 239.64.0.0/10
= 239.128.0.0/10

Copyright © 2006, Internet Initiative Japan Inc.
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IPv6

# RFC2373, RFC2375, RFC3307
& 8bit 1 (FF00::/8)

1 1 1
FF 1 flags scope | 112bits

J2zaaisiaifoioiomy it | Group ID

Flags: T(transient-bit) =0 :
1:

Scope: 1 interface-local scope

2 link-local scope

4 admin-local scope

5 site-local scope

8 organization-local scope
E global scope

FF02::1  All Nodes Link-local Address (= IPv4
FF02::D  All PIM Routers

FF05::1:3 Site-local DHCP servers
FFOX::2:7FFE SAPv1 Announcements

Copyright © 2006, Internet Initiative Japan Inc.
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IPv6 (Unicast-Prefix-based)
# RFC3306
* ID
1 1 1 1 1 1 .
FF 1 flag yscope; 8bits 1 8bits 1 64bits 1 32bits
1i11i1i1ia]oloipiy | i i | reserved ;1 Plen |  Network Prefix | Group ID
Flags: P=0
T=0
T=1
P=1 Network Prefix
T=1
Plen: Prefix length
P=1
Network Prefix:
Copyright © 2006, Internet Initiative Japan Inc. 15
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Ethernet
01 00 5E
|odaaooioia[daaaooioio[aioaiaisiniofol ity iy i
Ethernet T
sl REER IRl En RN nnann|
IP
® 25=32 IP Ether

# 224.0.0.x 239.0.0.x 224.128.0.x 239.128.0.x
01:00:5E:00:00:x

Copyright © 2006, Internet Initiative Japan Inc. 16
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(IPv6 ) -

Ethernet

33 33

R EER EEEECEEEn Lot oo

IPv6 16

& 32bit
Copyright © 2006, Internet Initiative Japan Inc. 17
IP .
@ 1980 Stanford Steve Deering
oS Vsystem (ON

@ Vsystem  Ethernet
Layer 2 multicast

Layer3

(July 1986)
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IGMP(Internet Group Management Protocol) —
#® RFC3376(IGMPv3), RFC3810(MLDv2)
@®
@ TTL 1
# IGMPv1 3
# |Pv6 IGMP  MLD(Multicast Listener Discovery)
# MLDv2 IGMPv3 MLDv1l IGMPv2
# 0S
= WindowsXP, 2003server  IGMPv3(IPv4 INCLUDE )
= Windows Vista  MLDv2 INCLUDE
= FreeBSD  KAME Project IGMPv3/MLDv2
= MacOS X FreeBSD  patch
s Linux  IGMPv3 MLDv2
Copyright © 2006, Internet Initiative Japan Inc. 19
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# *BSD
= FreeBSD-current MLDv1/IGMPv2
n FreeBSD6 MLDv1/IGMPv2
s NetBSD-current MLDv1/IGMPv2
= NetBSD3 MLDv1/IGMPv2
= OpenBSD-current MLDv1/1GMPv2
= OpenBSD3 MLDv1/IGMPv2
# Linux
= Linux 2.6.x MLDv2/IGMPv3
m Linux 2.4.x (x >= 22) MLDv2/IGMPv3
m Linux 2.4.x (x < 22) MLDv1/IGMPv2
= Linux 2.2.x MLDv1/IGMPv2
Copyright © 2006, Internet Initiative Japan Inc. 20




IGMP report

pan Inc._|
IGMP report
dst:239.192.100.100
@® IGMP report
@ report 10 2
@
Copyright © 2006, Internet Initiative Japan Inc. 21
IGMP General Query e, |

IGMP query
dst:224.0.0.1

@ (125 ) ALL-SYSTEMS
@ 30 2
# Max Response Time  Default 10

Copyright © 2006, Internet Initiative Japan Inc.
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IGMP report i

IGMP report
dst:239.192.100.100

@ General Query
MaxResponseTime

* report
L 4 General Query
Copyright © 2006, Internet Initiative Japan Inc. 23
IGMP leave RERIN|

IGMP leave
dst:224.0.0.2
(grp:239.192.100.100

4 ALL-ROUTERS IGMP leave
( query report leave
)
# IGMP leave 1 2 Group-Specific Query

(MaxResponseTime 1 )
# IGMP report

Copyright © 2006, Internet Initiative Japan Inc. 24
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IGMP leave

IGMP report
dst:239.192.100.100

# Leave message

@ Report
Report

* 0

Copyright © 2006, Internet Initiative Japan Inc.

260

25

IGMP Querier

IGMP query
dst:224.0.0.1

querier

Copyright © 2006, Internet Initiative Japan Inc.
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IGMPv3 .

4 RFC3376

@
= Typel: MODE_IS_INCLUDE IS_IN({S}.G)
= Type2: MODE_IS_EXCLUDE IS_EX({S}.G)
= Type3: CHANGE_TO_INCLUDE TO_IN({S},G)
s Type4: CHANGE_TO_EXCLUDE TO_EX({S},G)
= Type5: ALLOW_NEW_SOURCES ALLOW({S},G)
= Type6: BLOCK_OLD_SOURCES BLOCK({S},G)

® Typel,5,6

@ {S}

ALLOW({192.168.0.1,192.168.10.5},239.192.100.100)

Copyright © 2006, Internet Initiative Japan Inc. 27

IGMPV3 report _—

IGMPV3 report
dst:224.0.0.22
ALLOW(192.168.0.1,232.192.100.100)

@ 224.0.0.22(IGMP.MCAST.NET) IGMP report
= MLDv2 FF02::16
® Type  5(ALLOW_NEW_SOURCES)
# Group address  232/8
= IPV6 FF3x::/96 (Unicast-Prefix-base 32bit )

Copyright © 2006, Internet Initiative Japan Inc. 28
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IGMPv3 General Query report i
IGMPV3 report
dst:224.0.0.22
IS_IN(192.168.0.1,232.192.100.100) 2
IGMPV3 query /
dst:224.0.0.1 -
& ===
~
# IGMPv3  General Query 224.0.0.1
@ Type 1l  MODE_IS_INCLUDE
Copyright © 2006, Internet Initiative Japan Inc. 29
IGMPv3 leave e |

IGMPv3 leave
dst:224.0.0.22
BLOCK(192.168.0.1,23;

& 224.0.0.22 leave
message

# Type6: BLOCK_OLD_SOURCES

Copyright © 2006, Internet Initiative Japan Inc.
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IGMP snooping —

@ MAC

MAC

@ flooding

@®

@ CPU load

@ IGMP snooping

Copyright © 2006, Internet Initiative Japan Inc. 31

IGMP snooping .

IGMP report
dst:239.192.100.100

IP Multicast
dst:239.192.100.100

# [GMP report

4 239.192.100.100

L 4 L2Switch IGMP IP CPU
® (querier) port
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IGMP snooping 1 .
IGMP report
dst:239.0.0.1
IP Multicast
dst:239.0.0.1
# |Pv4 MAC 23bit
# 224.0.0.x 239.0.0.x 224.128.0.x 239.128.0.x
01:00:5E:00:00:x
# 224.0.0/8 Local Network Control Block
Copyright © 2006, Internet Initiative Japan Inc. 33
IGMP snooping 2 i

IGMPV3 report
dst:224.0.0.22
ALLOW(192.168.0.1,232.192.100.100)

IGMPv3 report
ALLOW(192.168.0.2,232.192.100.100)

4 IGMPv3 join
@

Copyright © 2006, Internet Initiative Japan Inc.
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(Sender/Source)

FHR: First Hop Router (Receiver)
LHR: Last Hop Router

Copyright © 2006, Internet Initiative Japan Inc. 35
MBone e
# mrouted DVMRP UNIX
4 1992 3 San Diego IETF meeting
® nv, vat
® DVMRP flood
pruning
TTL
*® IPv6 M6Bone

= http://www.m6bone.net/

Copyright © 2006, Internet Initiative Japan Inc. 36
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Reverse Path Forwarding o
@

® Next Hop

£ 2

£ 2

i i I
Copyright © 2006, Internet Initiative Japan Inc. 37

PIM-SM (Protocol Independent Multicast - Sparse Mode) e |

# RFC4601 (PIM-SMv2)
# RPF check

# PIM-DM (Dense Mode)
Sparse Mode
4 PIM-DM

4 PIM-SM Sender (RP)
RP

Copyright © 2006, Internet Initiative Japan Inc.
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PIM Hello
Sender
-t S —S —&
PIM Hello
224.0.0.13(ff02::d)
PIM(Protocol 103)
TTL=1
Receiver
Copyright © 2006, Internet Initiative Japan Inc. 39
PIM Bootstrap Message —
RP
Sender Hop by Hop
= RP( BSR)
it & —&
i +—>
RP BSR(Bootstrap Router)
Receiver
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PIM (*,G) Join
Sender
? @ @ @ ,G)
Join( ,G)
( cla— ©)
Join( ,G)
Join( ,G)

( =N

IGMP Membership Report G

Receiver

Copyright © 2006, Internet Initiative Japan Inc. 41

PIM Register B e |

/FWR:W\»

Sender

=H RP
25.0) S.0)
=@ —&
Source S Join(S,G) Join(S,G

Group G G)

Register Stpp Message

Receiver
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PIM Shared Tree
Sender
= RP
-—t &5
(== 12
Source S =
Group G Receiver
Copyright © 2006, Internet Initiative Japan Inc. 43
PIM SPT Join
Sender
S =V
Join(S,G)
(S,6)
Join(S,G)
S0 G= W

Source S &
Group G Receiver
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PIM RPT Prune

Japan Inc.

Sender
- & $o——
Prune(S,G)
rune(S,G,RP)
_—
Prune(S,G,RP)
Copyright © 2006, Internet Initiative Japan Inc. 45
PIM Prune Japan inc. |
Sender
T = -
Prune(S,G)
Prune(S,G Prune( ,G)
Prune( ,G)
Prune(S,G
Prune( ,G
(== P2
IGMP leave G
Receiver
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PIM-SM —
4 RP (*,G) Shared Tree  Sender
Shortest Path Tree 2
# LAN IP

DR(Designated Router)
# Receiver DR (*,G)Join  RP

# Sender DR RP Register
# Receiver DR source address
source (S,G) Join
# RP Sender
# RP RP  BSR
Anycast-RP
PIM-SSM (Source Specific Multicast) e
# RFC4607
4 RP Shared Tree Shortest Path Tree
PIM-SM
® RP
@
(one to many)
(S,G) Join
@
(many to many)
@® SSM ASM(Any Source Multicast)

# SSM Receiver  IGMPv3,MLDv2
s FHR PIM Register LHR (S,G)Join
" SSM

Copyright © 2006, Internet Initiative Japan Inc. 48
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Sender
ﬂ:ﬂ =i RP
SN SR

Join(S,G)

Join(S,G)

Join(S,G)

==
IGMP Report (S,G) ==
R

Copyright © 2006, Internet Initiative Japan Inc. 49
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an Inc._|
1.
1.
2. 10S
3.
1. GUI
Copyright © 2006, Internet Initiative Japan Inc. 51
odn Inc. |
Sender
D FE2:192.168.0.1/24 Loopback0:192.168.254.1/24
===t FE0:192.168.128.2 RP
192.168.0.2 FE0:192.168.128.1/24

FE1:192.168.129.2/24
FE1:192.168\/30.1/24

FE1:192.168.130.2 FE0:192.168.129.1/24

FE2:192.168.1.1/24

Receiver
192.168.1.2

Copyright © 2006, Internet Initiative Japan Inc. 52

2006/12/15



 Japan nc_ |

Sender

Receiver

Copyright © 2006, Internet Initiative Japan Inc.

Cisco 1812J

sendO

rpo

recvO

53

(recv0)

e Japan inc_|

hostname recv0
1

ﬁo ip domain lookup
ip multicast-routing

terface FastEthernet0

ip address 192.168.129.1 255.255.255.0
ip pim sparse-mode

speed auto

full-duplex

1

terface FastEthernetl

ip address 192.168.130.2 255.255.255.0
ip pim sparse-mode

speed auto

full-duplex

1

interface FastEthernet2
switchport access vlan 2
duplex full

speed 100

1

interface FastEthernet3
shutdown

1

interface Vlanl

no ip address

1

interface Vlan2
ip address 192.168.1.1 255.255.255.0
ip pim sparse-mode

ip route 192.168.0.0 255.255.255.0 192.168.130.1
ip route 192.168.254.0 255.255.255.0 192.168.129.2
!

end

Copyright © 2006, Internet Initiative Japan Inc.
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(send0)

hostname send0
1

no ip domain lookup
ip multicast-routing
'

interface FastEthernet0

ip address 192.168.128.1 255.255.255.0
ip pim sparse-mode

speed auto

full-duplex

1

interface FastEthernetl

ip address 192.168.130.1 255.255.255.0
ip pim sparse-mode

speed auto

full-duplex

1

interface FastEthernet2
switchport access vlan 2
duplex full

speed 100

1

interface FastEthernet3
shutdown
1

interface Vlanl
no ip address
1

interface Vlan2

ip address 192.168.0.1 255.255.255.0
ip pim sparse-mode

1

ip route 192.168.1.0 255.255.255.0 192.168.130.2
ip route 192.168.254.0 255.255.255.0 192.168.128.2
1

end

Copyright © 2006, Internet Initiative Japan Inc.
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(rp0)

hostname rp0

!

no ip domain lookup
ip multicast-routing
!

terface Loopback0
ip address 192.168.254.1 255.255.255.0
ip pim sparse-mode

1
interface FastEthernet0
ip address 192.168.128.2 255.255.255.0
ip pim sparse-mode
speed auto
full-duplex
1

interface FastEthernetl

ip address 192.168.129.2 255.255.255.0
ip pim sparse-mode

speed auto

full-duplex

1

route 192.168.0.0 255.255.255.0 192.168.128.1
ip route 192.168.1.0 255.255.255.0 192.168.129.1
!

pim bsr-candidate Loopback0 0 255
ip pim rp-candidate Loopback0
!

end

Copyright © 2006, Internet Initiative Japan Inc.
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recv0O>show ip pim neighbor
PIM Neighbor Table
Mode: B - Bidir Capable, DR - Designated Router, N - Default DR Priority,
S - State Refresh Capable

Neighbor Interface Uptime/Expires Ver DR
Address Prio/Mode
192.168.129.2 FastEthernet0 00:36:44/00:01:27 v2 1/DRS
192.168.130.1 FastEthernetl 00:37:28/00:01:43 v2 1758
recv0>show ip pim rp mapping in-use
PIM Group-to-RP Mappings
Group(s) 224.0.0.0/4

RP 192.168.254.1 (?), v2

Info source: 192.168.254.1 (?), via bootstrap, priority 0, holdtime 150
Uptime: 00:40:37, expires: 00:01:45
Dynamic (Auto-RP or BSR) RPs in cache that are in use:
Group(s): 224.0.0.0/4, RP: 192.168.254.1, expires: 00:00:57
Copyright © 2006, Internet Initiative Japan Inc. 57

@ ftp://ftp.lava.net/users/tony/multicast
@ UNIX
= gcc -0O2 mesend.c -0 mesend

# Windows
= mcrsend.exe, mcrecv.exe

@
m Usage: mcsend address port [tt]] ~ WTTL
» Usage: mcrecv address port

Copyright © 2006, Internet Initiative Japan Inc.
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JOIN

C:¥mcrecv 239.192.100.100 10000

recvO>show ip igmp groups
IGMP Connected Group Membership

Group Address Interface Uptime Expires Last Reporter
239.255.255.250 VIlan2 01:30:25 00:02:35 192.168.1.2
239.192.100.100 VIan2 00:00:12 00:02:47 192.168.1.2
224.0.1.40 Vlan2 01:30:19 00:02:43 192.168.1.1
224.0.1.40 FastEthernetl 01:32:11 00:02:38 192.168.130.1

recvO>show ip pim rp
Group: 239.255.255.250, RP: 192.168.254.1, v2, uptime 01:43:21, expires 00:02:03
Group: 239.192.100.100, RP: 192.168.254.1, v2, uptime 01:43:21, expires 00:02:03

Copyright © 2006, Internet Initiative Japan Inc. 59

JOIN 2

recv0>show ip mroute
IP Multicast Routing Table
Flags: D - Dense, S - Sparse, B - Bidir Group, s - SSM Group, C - Connected,
L - Local, P - Pruned, R - RP-bit set, F - Register flag,
- SPT-bit set, J - Join SPT, M - MSDP created entry,
Proxy Join Timer Running, A - Candidate for MSDP Advertisement,
URD, I - Received Source Specific Host Report,
Multicast Tunnel, z - MDT-data group sender,
- Joined MDT-data group, y - Sending to MDT-data group
Outgoing interface flags: H - Hardware switched, A - Assert winner
Timers: Uptime/Expires
Interface state: Interface, Next-Hop or VCD, State/Mode

<NC>x-
1

(*, 239.255.255.250), 01:44:42/00:02:18, RP 192.168.254.1, flags: SJC
Incoming interface: FastEthernet0, RPF nbr 192.168.129.2
Outgoing interface list:
Vlan2, Forward/Sparse, 01:44:42/00:02:18

(*, 239.192.100.100), 00:14:30/00:02:22, RP 192.168.254.1, flags: SJC
Incoming interface: FastEthernet0, RPF nbr 192.168.129.2
Outgoing interface list:
Vlan2, Forward/Sparse, 00:14:31/00:02:21

(*, 224.0.1.40), 01:46:35/00:02:19, RP 0.0.0.0, flags: DCL
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:
FastEthernetl, Forward/Sparse, 01:44:32/00:02:18
Vlan2, Forward/Sparse, 01:44:37/00:02:19

Copyright © 2006, Internet Initiative Japan Inc. 60
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# S : Sparse Mode
® C :
4 L : Local join
4 P : Pruned
@ T : SPT
# J : SPT join
#® F : Register
Copyright © 2006, Internet Initiative Japan Inc. 61
send cpan |
C:¥mcsend 239.192.100.100 10000 128
test
test
send0>show ip mroute
IP Multicast Routing Table
Flags: D - Dense, S - Sparse, B - Bidir Group, s - SSM Group, C - Connected,
L - Local, P - Pruned, R - RP-bit set, F - Register flag,
T - SPT-bit set, J - Join SPT, M - MSDP created entry,
X - Proxy Join Timer Running, A - Candidate for MSDP Advertisement,
U - URD, I - Received Source Specific Host Report,
Z - Multicast Tunnel, z - MDT-data group sender,
Y - Joined MDT-data group, y - Sending to MDT-data group
Outgoing interface flags: H - Hardware switched, A - Assert winner
Timers: Uptime/Expires
Interface state: Interface, Next-Hop or VCD, State/Mode
(*, 239.192.100.100), 00:00:07/stopped, RP 192.168.254.1, flags: SPF
Incoming interface: FastEthernet0, RPF nbr 192.168.128.2
Outgoing interface list: Null
(192.168.0.2, 239.192.100.100), 00:00:09/00:02:51, flags: PFT
Incoming interface: Vlan2, RPF nbr 0.0.0.0
Outgoing interface list: Null
Copyright © 2006, Internet Initiative Japan Inc. 62
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send

Japan Inc.

RP

rpO#sh ip mroute
(*, 239.255.255.250), 00:01:20/00:03:09, RP 192.168.254.1, flags: S
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:
FastEthernet0, Forward/Sparse, 00:01:20/00:03:09
FastEthernetl, Forward/Sparse, 00:01:20/00:03:08

(*, 239.192.100.100), 00:00:22/stopped, RP 192.168.254.1, flags: SP
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list: Null

(192.168.0.2, 239.192.100.100), 00:00:23/00:02:36, flags: P
Incoming interface: FastEthernetO, RPF nbr 192.168.128.1
Outgoing interface list: Null

(*, 224.0.1.40), 00:02:24/00:02:27, RP 0.0.0.0, flags: DCL
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:
Loopback0, Forward/Sparse, 00:02:24/00:02:27

Copyright © 2006, Internet Initiative Japan Inc.
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(recv0,send0)

recvO#sh ip mroute
(*, 239.192.100.100), 00:00:07/stopped, RP 192.168.254.1, flags: SJC
Incoming interface: FastEthernetO, RPF nbr 192.168.129.2
Outgoing interface list:
Vlan2, Forward/Sparse, 00:00:08/00:02:51

(192.168.0.2, 239.192.100.100), 00:00:06/00:02:55, flags: JT
Incoming interface: FastEthernetl, RPF nbr 192.168.130.1
Outgoing interface list:

Vlan2, Forward/Sparse, 00:00:06/00:02:52

sendO#sh ip mroute

(*, 239.192.100.100), 00:02:44/stopped, RP 192.168.254.1, flags: SPF
Incoming interface: FastEthernetO, RPF nbr 192.168.128.2
Outgoing interface list: Null

(192.168.0.2, 239.192.100.100), 00:02:45/00:03:23, flags: FT
Incoming interface: Vlan2, RPF nbr 0.0.0.0
Outgoing interface list:
FastEthernetl, Forward/Sparse, 00:00:18/00:03:11

Copyright © 2006, Internet Initiative Japan Inc.
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(RP)

rpO#sh ip mroute
(*, 239.192.100.100), 00:03:02/00:02:53, RP 192.168.254.1, flags: S
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:
FastEthernetl, Forward/Sparse, 00:00:37/00:02:52

(192.168.0.2, 239.192.100.100), 00:03:03/00:02:36, flags: PT
Incoming interface: FastEthernetO, RPF nbr 192.168.128.1
Outgoing interface list: Null
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# VideoLAN ( )
®
®
" Windows,MacOS X,Linux,zaurus,WinCE
n NetBSD,OpenBSD,FreeBSD,Solaris,
# Windows

= LANG: Japanese
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VideoLAN

® -
# Stream to network - -
@ (RTP Multicast, ) >
@ -TTL
Thes wizad arily [ontains & el subset of .05
e g = 5= Te Cpen and
‘Svegm: Dutput Sings o 200=s dl of hem.
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VideoLAN ——

@ e
@ UDP/RTP

Frih i Faah| F2M0-0 | DreciShow

CuperTe T-tEs [ =

EUDPRTP TEFEeAl FELA 1991921002000 #-1F% |1ZH -

CHTTRHTTPSF TR S =

CIRTSD E=

Osiartesrmds

Clsreamfsae == Ciacwg

Custome:  udp/ @232, 192. 100,300 »

el
68
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@
@
= vic test.mpg --sout udp:239.192.100.200 --ttl 128 --loop
@
= vic udp:@239.192.100.200
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recv0O>show ip mroute count

IP Multicast Statistics

4 routes using 2480 bytes of memory

3 groups, 0.33 average sources per group

Forwarding Counts: Pkt Count/Pkts per second/Avg Pkt Size/Kilobits per second
Other counts: Total/RPF failed/Other drops(OIF-null, rate-limit etc)

Group: 239.255.255.250, Source count: 0, Packets forwarded: 0, Packets received: 0

Group: 239.192.100.200, Source count: 1, Packets forwarded: 53872, Packets received:
53873

RP-tree: Forwarding: 1/0/1344/0, Other: 1/0/0
Source: 192.168.0.2/32, Forwarding: 53871/39/1344/419, Other: 53872/0/0

Group: 224.0.1.40, Source count: 0, Packets forwarded: 0, Packets received: 0
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recv0>sh ip rpf 192.168.0.2
RPF information for ? (192.168.0.2)
RPF interface: FastEthernetl
RPF neighbor: ? (192.168.130.1)
RPF route/mask: 192.168.0.0/24
RPF type: unicast (static)
RPF recursion count: 1
Doing distance-preferred lookups across tables

recvO>mtrace 192.168.0.2
Type escape sequence to abort.
Mtrace from 192.168.0.2 to 192.168.130.2 via RPF
From source (?) to destination (?)
Querying full reverse path...
0 192.168.130.2
-1 192.168.130.2 PIM [192.168.0.0/24]
-2 192.168.130.1 PIM [192.168.0.0/24]
-3 192.168.0.2
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IGMP snooping o

recv0#conf t
Enter configuration commands, one per line. End with CNTL/Z.

recvO(config)#no ip igmp snooping vlan 2 \I:

recvO(config)#interface vlan 2 =
recvO(config-if)#ip igmp join-group 239.192.100.150 { [t j
recv0(config-if)#end

recvO#sh ip igmp groups

IGMP Connected Group Membership

Group Address Interface Uptime Expires Last Reporter
239.255.255.250 Vlan2 04:29:43 00:02:14 192.168.1.3
239.192.100.150 Vlan2 00:00:13 00:02:46 192.168.1.1
239.192.100.200 VIan2 03:30:41 00:02:21 192.168.1.2
224.0.1.40 FastEthernetl 04:30:36 00:02:15 192.168.130.2
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1.
2.
3.
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RPF check |

# HSRP(VRRP)

default route

= RP RPF neighbor  HSRP
" PIM neighbor RPF neighbor
" Join/Prune
" PIM Hello  Address Option
&S < -0€ighbor ;Qjom
e == m
&<l eighbor

Copyright © 2006, Internet Initiative Japan Inc.

74

2006/12/15



2006/12/15

RPF check
L 4
# source i/f
@ (static rpf)
= ip mroute <src addr> <netmask> <interface>
Copyright © 2006, Internet Initiative Japan Inc. 75
NAT
NAT

€T ‘sTo
router ., 1GMP join \
. 1 1 W.IGMP jpin
-2 192.168.1.x
src:10.10.1.1 192.168.1.x
dest:239.1.1.1 NAT tun
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unicast

L 2 2B 2R K 4

RPF

WAN

RPF

(S,G)join
ip multicast rpf backoff <milliseconds>
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( o e
@
# unicast RPF
@ (S,G)join
@ PIM neighbor join

Receiver
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5 4

unicast

multicast

QoS
# Fast Convergence

= 33msec 1
@
= FEC
. (Path Diversity)
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MBGP

# unicast multicast RPF
# RPF check

///;guter bgp 64512 ‘\\\

neighbor 10.0.0.1 remote-as 64513
1

address-family ipv4

no neighbor 10.0.0.1 activate
exit-address-family

1

address-family ipv4 multicast

neighbor 10.0.0.1 activate

neighbor 10.0.0.1 soft-reconfiguration inbound
neighbor 10.0.0.1 route-map toTEST out
network 192.168.253.0
exit-address-family

1

ip prefix-list server-sources seq 1 permit 192.168.253.0/24
1

route-map toTEST permit 10
\\\‘Tatch ip address prefix-list server-sources 4///
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RP

# RP

= ip pim bsr-candidate LoopbackO 0 255 ( primary)

@ RP

= ip pim rp-candidate LoopbackO group-list 1
= access-list 1 permit 239.192.0.0 0.0.255.255

# RP

= Anycast RP

ip pim

MSDP

+ ip msdp peer 192.168.0.1
+ ip msdp sa-request 192.168.0.1

rp-candidate LoopbackO priority O ( primary)

1

2

peer
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RP

% RP

RFC46
RP

Anycast-RP set  ( ) RP RP set

Anycast-RP set Register message ,

RP set

+ ip pim anycast-rp <anycast RP >< RP >

- ip
- ip
- ip
- ip

3
10 - Anycast-RP Using Protocol Independent Multicast (PIM)
Loopback RP address anycast

Register message

pim rp-address 10.0.0.1 group-list 224.0.0.0/4
pim anycast-rp 10.0.0.1 192.168.0.1
pim anycast-rp 10.0.0.1 192.168.10.3
pim anycast-rp 10.0.0.1 192.168.20.5
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an Inc._|
% MIB
= pimNeighborTable
= pimRPTable
4 RFC4445 - Media Delivery Index (MDI)
@
]
+ PFU iPushSERVE Streaming Monitor
" MIB
# SmartBits TeraRouting Tester, ClearSight Analyzer
= MLDv2 Join/Leave Latency
]
+ Spirent Abacus5000
+ Agilent Triple Play Analyzer
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MRM (Multicast Routing Monitor) o
rp0

ip mrm manager mctest

manager Loopback0O group 239.192.100.1
senders 1

receivers 2 sender-list 1

!
access-list 1 permit 192.168.0.1
access-list 2 permit 192.168.1.1

send0
interface Vlan2
ip mrm test-sender

recv0
interface Vlan2
ip mrm test-receiver
ip igmp join-group 239.192.100.1
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MRM e |

rpO#mrm mctest start
*Oct 27 06:18:52.387: IP MRM test "mctest® starts ......

rpO#sh ip mrm manager

Manager:mctest/192.168.254.1 is running, expire:1d00Oh
Beacon interval/holdtime/ttl:60/86400/32
Group:239.192.100.1, UDP port test-packet/status-report:16384/65535
Test senders:

192.168.0.1 /Ack
Test receivers:
192.168.1.1 /N-Ack

rpO#sh ip mrm status-report

IP MRM status report cache:

Timestamp

Manager Test Sender Test Receiver Pkt Loss/Dup (%) Ehsr
*0ct 27 05:50:25

192.168.254.1 192.168.0.1 192.168.1.1 1 (4%) 1499

Copyright © 2006, Internet Initiative Japan Inc. 85
apan Inc._|

1.
2. 1P
3.
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NTT

V6

» @ & @

NTT

V6

100Mbps, 1Gbps, 10Gbps

MLDv2  SSM

= MODE_IS_INCLUDE, ALLOW_NEW_SOURCES,

BLOCK_OLD_SOURCES 3

" 1

= http://flets-w.com/v6ct/download/index.html

128¢ch(10G
1 10

On Demand TV

» http://www.ondemandtv.co.jp/
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BB

® @&

30ch

= WindowsMeida
m .aSX
= DRM

LAN
= Yahoo! BB

Yahoo! BB

40
1 4

static join

LAN
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# Scalable Adaptive Multicast (SAM)
= http://www.samrg.org/

# Overlay Multicast
= Application Layer Multicast
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1P oo

# Xcast
» http://www.xcast.jp/

. unicast pP2pP

192.168.0.1

dst addr = 192.168.0.1

dst addr = 192.168.0.1 :
ip opt 192.168.1.1

ipopt  192.168.1.1
192.168.2.1

dst addr = 192.168.2.1

192.168.2.1
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# AAA (Authentication, Authorization, Accounting)

sender
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SLA

91

® AS

Inter Domain Multicast Routing

IPv4

MBGP + MSDP

+ IPMI J/Splash

IPv6

embedded RP

+ M6Bone, Internet2
+ SSM only

DoS
AAA

(S.6)
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IP

4 |P Multicast Mailing List

TIPS
http://www.iijnet.or.jp/ipmulticast/mailinglist.html

® IETF WG

http://www.ietf.org/html.charters/wg-dir.htmi

avt: Audio/Video Transport

mboned: MBONE Deployment

magma: Multicast & Anycast Group Membership
pim: Protocol Independent Multicast

ssm: Source-Specific Multicast

I3vpn: Layer 3 Virtual Private Networks
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