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EXHAUSTION

Agenda(FEi1: vyl ay)
o IPV6EDEME  AYF ITA—TYNTFRLYI Y
¢« VILFXNYAREIL?

e MLDv1/v2

e Multicast Forwarding & PIM
PIM-SM (ASM: Any Source Multicast)
PIM-SSM (SSM: Source Specific Multicast)

* MLD Snooping
« AR ITAREE
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EXHAUSTION

Agenda (F288: /\o XA )
1. N RAVRIEICDINT 3. BERERE

2. %X 7E &Status D FEEE> —StreamMD1E 1S

— Enable IPv6 multicast routing —PIM-ASM B {EFEEE
— Enable MLD —PIM-SSME {EFE R
— Enable PIM —MLD-Snooping B {EHERE
— Configuring RP for PIM-ASM —PIM Route Failover
— Configuring PIM-SSM 4. Advanced course
— Configuring MLD Snooping _PIM DR E) /£

—Static MLD join

—SSM mapping

5. F&EDH
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EXHAUSTION

IPVeDEFE - AT DA—T YN TRV T
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EXHAUSTION

IPVENYAR T A— Y

01 2 3 45 6 7 8 901 2 3 45 6 7 8 9 01 2 3 4

5 6 7 8 9 0 1
Version Traffic Class Flow Label
Payload Length Next Header Hop Limit

Source Address

Destination Address

XIPV6TIIAYFDERSXEEE

HEENE=74—ILK
BMHALETEEINF-T4s—IL K GRIRIZAIL =L #(2)
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EXHAUSTION
IPv6 7 FL AR EDiE

Q®IPVADT KFLARELE
2EHMREE (32Ewv )
11000000 10101000 00000000 00000001

W -8ty FIRUIYI0ERTER RYYXEEEULF T
192.168.0.1
®IPV6DT FLAREE

2R (128E Y k)

0010000000000001 0000110110111000 1011111011101111 1100101011111110
0000000000000000 0000000000000000 0O00000000000000 0001001000110100

-16Ew FIZCEYIY16EH TERIE RUIYXFEFaoy I
2001:0db8:beef:cafe:0000:0000:0000:1234

W sgEnd 8709/ OABEOEET S 0] (TEAEE

2001:db8:beef:cafe:0:0:0:1234

- BERRCQ  EEL = [0 (X1EIZRY T (THBEATRE
2001:db8:beef:cafe::1234
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EXHAUSTION

IPv6e 7L AMDFELE
®IPV67 FLRADIEE

’7\“_7{5’;’4 i 7 IV D A2B—TTARID

Ry T—5 DB J — RO#A
R > " € - >

64E Wik 64E vk
< - >
128Ewk

e JLIT4vIR
JO—N\II—T 425 TL T4y IREH TRy RIDEEDET-
EHi64E w bk

®IPV67 FLADIELE
o 1=-F Y RXRFF7FLXR 1%t 1 @iE
FTYRT—DAL B3 —D A RBIZRESINBET KFLX
ga—nNILT7 FLR, YooO—hAIL7 FLX, ULA
oIILFXFYRAELFKLR 1%xt% &E
GIN—T%HBAINTBH7 FLATERD/ — FEER
IPV6TIXIPVAD JO—FX ¥ XA FOESTHRZAELTHLFIA
o I-_—FX v XFF7KLXR 1xt10f % &E
BHD/ — FIZIETERREY: THEEE] ITHLTCERESINSD T FL R
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EXHAUSTION
A=FvXLTPRLA

/O0—N\)ILA1=Fv X7 FKLR

a—/NJUIL—T42 5 \
|001 7 jbljfr‘y;;'{rzﬁ HITRYRID A3 —TxAXID
(3Ewh) 48E vk 16E vk 64E vk

- Lvhwd5a—N\I)L7 LA () 2001:db8::1

) oro—AHILa1A=%xx X7 KLXR

1111111010 0 A3 —JxA(4XID

10Ewk 54wk 64E vk
-R—=1)29 (©TA ) RIZT—EHT7 FLR (fe80::/10)
TSTF7VRTLABED) VORBETHRAINS

1=—/0—Ahnaz=Fxx¥ X7 LR (ULA) [RFC4193]
1111110]L A a—/NJLID HJxykID AR —TTAXID
8E vk 16E vk 64E vk

LEY b :0 REE 15VFLERICLZMBEZYST
- BRICFIA®REGZO—HIILT FLX (fd00::/8)
- BIEShf=-Y4 rO—hILT7 FLRADOKHA
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EXHAUSTION

TILFFXT7RL R

O®IILFXNY AP FLR

739 _ _
CEEEREEY Qi 2a—7 2 IL—71D
8Ewhk 4wk 4Ewhk 112wk

1227  0:EAMGEIYVETIANAICKYERFHA) TRLR 1 —BHGEIYETTRFLA
PF3%  1:Unicast-Prefix-based ¥ JLFF+ XL 7KFL X (RFC3306) ¥P=1DIHEZ[ET=1
RZS4  1:PIM-SMIZEIFBRendezvous Point (RP)¥wE >4 F (RFC3956) 3%R=1MN15EP=1 T=1

Aa—F:RIFX Y ACOEDEHEEEIETE

0000(0) F4 0101(5) site-local scope
0001(1) interface-local scope 1000(8) organizational-local scope
0010(2) link-local scope 1110(E) global scope
0100(4) admin-local scope 1111(F) 59
L 2TF

PIM-SM(ASM)T ILF¥+XMPRL R FF15::1234
PIM-SSM(ASM)T JLF ¥+ AFF7FL R FF38::abcd
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EXHAUSTION
RILFFvARTERL A

QEZBFAHADTILFXNYAMNTPRLR  EIZ&FEI A= LT YEDT=0HIZ{EH

FF02:0:0:0:0:0:0:1 Y DRDINTDIPve/ — R (IPvaDT0O— RF v X OB
FF02:0:0:0:0:0:0:2 > DRDITNTDIPve)L—F
FF02:0:0:0:0:0:0:C DHCPH —/\/ L —I—Yx Uk

FF02:0:0:0:0:1:FFXX:XXXX BEE ) —RVYILFF v RARPEUR GxexoxxxlE /—FRODAZF v X
PRUAZFEEIZF v AP RUADTMI24 EWY )

®RFC3306 Unicast-Prefix-based R JLFF ¥ XFFPKRL R

FA—N\ILA=ZF Y ANMPV6TL T4 YO REHEDBE . TDTL I1v IR EHRETILF XY R+
FEULRARIZEBHAL ZEIZKYGlobally A=—9%RILF X ANTPRLRE/HOCENHES

RPTI2o_ \
REEEEEER (OTHTHY Z; Reserve Network Prefix JIL—7ID
011

8Ewk 4wk  4Ewh  8Ewhk 8t|“‘yl~ 64E vk 32wk
L 2V F v ! ;
FF3E:0040: :0000:abcd
Plex=64 groupID={T&E

Unicast Prefix = 2001:0123:c001:1100::/64% D15 4&
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TILFEX AL MACZRL X

128 Bits

FF3E:0040:2001:0123:¢001:1100:0000:abcd

33-33-00-00-ab-cd
16 Bits 32 Bits
48 Bits

FF3E:0040:2001:0123:c001:1100:0000:abcd &
FF18:0040:2001:0234:1002:0010:0000:abcd

[EMACTFLRHAELIZES,
MLD-SnoopingDEEICE->TIZEFIHELZINZ &S,
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EXHAUSTION

TILFEX Vv RAREF?
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EXHAUSTION

A-FvAMBEETILFE Y AMNEE

Q1-_F v+ BEDHEFADIX1IDEE

SrcIP=A
DstIP =B

OTILFXvRE ZFDGrouplZBMLTLAZHADIRE ., XITZHLDEE

ZE D Group1 D TEER
DLW ANEE i
&

=

=

- &=
SrclP=A ( . ) @
Dst IP = Group1(ZJLFF+v Xk .@' n
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EXHAUSTION

RILFXYAMBEDA)VE

O EHDREEANR—AVTUVEEEIT RO —/\ETOER
® YT = FBOAMFA

6Mbps x 1000 A o 6MbpsD T ILF F¥ Xk e
=> 6Gbps 434 1Stream% TOK &0
/ - =4 —/\EHER K
& &

st & X Py

B &

StreamlERYrT7—o L
. TREICHLTHERN
& =i D FHZFIH

pg...
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EXHAUSTION

T ILF - A0 E R R

QLTI TA—KN\UKR
IP/TV.SATAN)—324
Game., > TYA D A—F

O—BNDIA—TS534X

E-5—=2% tt A
7 )r— a3 ER(E
ZihmEE
oY —RybT—4

L ot

—HREERE
74T VRV AT LRMETEHR. G 1EHRD —FE(E)

o

A, EREDERNAS
—FR#MEE. KEFBHRHE)
Hhizk NTEHRECE
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EXHAUSTION
IPVv6V IILF T AMZLBH—E X1l
S PVEVILFF ¥ R FBEL R T L (i-Inprove) e

oA MEMBIRET EICFIA
WERELLEXIX FAKRKTI1/10IZ
A =T ¥)L BIEM=2,0005M55
-Z=>% :1,0006MH/A=>100EHM/8
BRFEMAEREZHS e
LA EH—E. 11228 YR EHEL http://becare.co.jp/service/case01.html

= = » :"1§ﬁﬁ"ﬁ$/77°')’7'—°/3‘/
REREBXBEL VI —DRAMBERREEE ELEE F
SRR, UTLRA L, BREHEY -
e ) O 5 eesn 0.
http://www.ntt.com/jishinsokuho/index.html
L Jeu Y/ E:E%ﬁ/\d)—ﬁgﬂg (FaminMart) ﬂFaxomﬁsﬁ(“ Fami7R—Fk)

06,000/E4Z T 17 IR A v 1L

oFHEMNLTITA— KN R&TILFEXVY R A

o X F R VIGRADFHERFT VY o R—2, REAMIT
a7 ILVFEORBSET 741 IL—1EEE
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EXHAUSTION

JIILFErANTORI)L
e

MLD: Receiver~Routerf] TGroup~NDS /Bt %
27 kv i) M2v
PIM: Router~Routerfil CYIIFIX Vv AMR{ETreed g
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EXHAUSTION
Terminologies
N LHR
e )—X /23— (Source/Sender) =< |
« TILFXFRAMEEIRRKR 1
e Lir—/\/1)XF— (Receiver/Listener) == I
. TILFELRNBIEHR J—A \G"E<LHR
e RP (Rendezvous Point) -—— I
* PIM-SM [STY—RELI—/N\EHUMT T DIHFT (JL—7) LHR s %

L i#t (Upstream)
o TraffichViRAL TS A M
« it (Downstream)
o TrafficANRN TIT<A M
« J7—AHRw T )L—2A (First Hop Router)
o VAN RSN TLNDIL—F
» SRRy T JL—A (Last Hop Router)
« LY—n\hEfFSNhTLDIL—43
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EXHAUSTION
Terminologies

T ILF X AR JL—T (Multicast Group)
— TILF XY AT T49IDSender&ReceiverCRERLEN BT IL—T,

MDT (Multicast Distribution Tree)

— TILFFrXEEV)—,

— ZMMulticast GroupD T T4 VI ZELIET 1= DTree,

— KZ<. Shortest Path Tree(Source Tree)&. Shared TreelZR 383N 5,

* Join
— YILFFNX RN IL—T~DEM,
Leave(MLD)/Prune(PIM)
— YILFFYRNT IL—T R
e ASM (Any Source Multicast)
— Y—RERHELLBNWTILFE YA —E AREE,
e SSM (Source Specific Multicast)
— Y—ZADEEINSTILFF v A —E ABEE,
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EXHAUSTION

MLD(Multicast Listener Discovery)
vl/ v2
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EXHAUSTION

MLDv1 (RFC2710)

e Multicast Listener(Receiver)~Routerfel TP
Group~NDS/BERES T 1)

 Router[&MLD General Query CEEARIZ

ListenerD A W HEER

* Listener LeaveBFIZIEZ D Group~NDSINE
DB Z B ALy AEMulticast Address Specific
Query CHEER

e MLDIZICMPV6 protocolDH Ttk
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EXHAUSTION

IPV6ARL—2B IO L

MLDV1/ Ny A —< vk

01234567890123456789012345678901

Type

Code

Checksum

Max Response

Delay

Reserved

Multicast Address

Type :
130 : Multicast Listener Query
- General Query

- Multicast-Address-Specific Query

131 : Multicast Listener Report

132 : Multicast Listener Done

Multicast Address :
Report = #—%4wk&9 %Multicast Address
General Query = €0
Multicast-Address-Specific Query

= #—5yk&d HMulticast Address
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EXHAUSTION

IPV6ARL—2B IO L

IPV6IESE 7 L RAERFEF AT —

Iyt—OR3A4T

General Query

Multicast-Address-Specific Query A—4yk@multicast address
Report

Done

TIAILE BL<T—
[Query Interval]

[Maximum Response Delay]

IPv6 BE5E Address

link-scope all-nodes (FF02::1)

A—4~yk@multicast address
link-scope all-routers (FF02::2)

=125 Sec
= 10000mSec

[Multicast Listener Interval] (expire timer on router side)

[Other querier Present interval]

= [Query Interval] * 2 + 10Sec = 260 Sec
[Query Interval] *2 + 5Sec = 255 Sec

[Unsolicited Report Interval] =10Sec
[Last Listener Query Count(Robustness Variable)] =2
[Last Listener Query Interval] =1Sec
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EXHAUSTION

MLDv1 Group~®MJoin

- &

L) )

. IPv6 Src=Host(Link-Local
—

IPv6 Dst=FF18::1:1
ICMPv6/MLD Report

o = -

Multicast-Address=FF18::1:1

 ReceiverlZMLD ReportZRouter~NE{ET A EIZL UL
TEGroup~NNDSMZEFRAT 5,
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EXHAUSTION

MLD Querier®:EH
MLD MLD

Querier @ U% Non-Querier
FE80::10 ‘ FE80::20

IPv6 Src=Router®Link-Local
IPve Dst=FF02::1
ICMPv6/MLD Query

—

- ZHWIEETORouterAQueryZiXEJT 5
- i BIPv6 Address/PELYRouter A EDSubnet L TMDQuerier&#i s,

- D RouterlE. BHEY/IhEL Source Address®DQueryZZ{ELT-
BT “Non-Querier” &£433
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EXHAUSTION

MLDv1 GroupHrico D Leave

MLD

Qll\J/Ié_r[i)er @ @ Non-Querier

IPv6 Src=Host(Link-Local
IPv6 Dst=FF18::1:1

ICMPv6/MLD Query
Multicast-Address=FF18::1:1

7 'IPv6e Src=Host(Link-Local
O IPv6 Dst=FF02::2

ICMPv6/MLD Done

Multicast-Address=FF18::1:1

A

1. HostlMsall-routers~MLD Donex%{E

2. MLD QuerierhysMulticsat-Address-Specific-Query#
%Y Group Address3EIZi%(E

3. Host2hWETJoinLTLVAIFEAIZIE Last Listener Query
Interval” LLIRIZMLD ReportZiX{g
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EXHAUSTION

MLDv1 GroupHrico D Leave

MLD

Qll\J/Ié_r[i)er @ @ Non-Querier

IPv6 Src=Host(Link-Local
IPv6 Dst=FF18::1:1
ICMPv6/MLD Query
Multicast-Address=FF18::1:1

O} >

<

1. HostlMsall-routers~MLD Donex%{E

2. MLD QuerierhsisMulticsat-Address-Specific-Queryz g2
Group Address3EIZZE{E(Timeout=1secZFDefault Tl&2[H])

3. TimeoutlZ&YRouter[ZMLD entry &l B
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EXHAUSTION

MLDv2 (RFC3810)

* Group?=ZlTT%i{SourceZfEELTD
Join/Leave D AJBE, (SSMAD XFIity)

* Include/Exclude Source-List® BN
e MLDv1&@Backward Compatibilityg Y

_ a2l =2 DN rrAN.. 1
¢ JULIJCIFVO /) MU AlIaT CINrrU4..10
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EXHAUSTION

IPV6ARL—2B IO L

MLDv2 Report/\ vk IJA—< vk

01234567890123456789012345678901

Type=143

Reserved

Checksum

Reserved

#ofMcast Address Records[M]

Multicast Address Records [1]

Multicast Address Records [2]

Multicast Address Records [M]
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EXHAUSTION

MLDv2 Multicast Address Record 74—V

Record Type | Aux Data Len Number of Sources (N)

Multicast Address

Source Address [1]

Source Address [N]

Record Type:

MODE IS INCLUDE - IS IN ({S},G)

MODE IS EXCLUDE - IS EX ({S},G)

CHANGE TO INCLUDE MODE - TO IN ({S},G)

CHANGE TO EXCLUDE MODE - TO EX ({S},G)

ALLOW NEW SOURCES - ALLOW ({S},G) [(S,G)®MJoin]
BLOCK_OLD_SOURCES - BLOCK ({S},G) [(S,G)DLeave]

o O dWNMN PR
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EXHAUSTION

MLDv2 (*,G)/(S,G)~MJoin

(*,G) NJoin f f(S,G)’\Join

IPv6 Src=Host(Link-lLocal
IPv6 Dst=FF02::16

ICMPv6/MLDv2 Report
Record Type=CHANGE TO EXCLUDE

Multicast-Address=FF18::1:1
Source-Address=

IPv6 Src=Host(®Link-Local
IPv6 Dst=FF02::16
ICMPv6/MLDv2 Report

Record Type=ALLOW NEW_SOURCES
Multicast-Address=FF38::1:1
Source-Address=2001:10::1
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EXHAUSTION

MLDv2 (*,G)/(S,G)~N@)Leave
& &

(*,G) MbLeave f f(S,G) M ibLeave

IPv6 Src=Host(®Link-Local
IPv6 Dst=FF02::16
ICMPv6/MLDv2 Report

Record Type=BLOCK OLD_SOURCES
Multicast-Address=FF38::1:1
Source-Address=2001:10::1

IPv6 Src=Host(Link-lLocal
IPv6 Dst=FF02::16

ICMPv6/MLDv2 Report
Record Type=CHANGE TO INCLUDE

Multicast-Address=FF18::1:1
Source-Address=
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EXHAUSTION

MLDv2 Query™~ M Jit> &

IPv6 Src=Host(Link-Local
IPv6 Dst=FF02::16
ICMPv6/MLDv2 Report

Record Type=MODE IS INCLIDE
Multicast-Address=FF38::1:1
Source-Address=2001:10::1

IPv6 Src=Host(Link-Local
IPv6 Dst=FF02::16
ICMPv6/MLDv2 Report

Record Type=MODE IS EXCLUDE
Multicast-Address=FF18::1:1
Source-Address=
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EXHAUSTION

Multicast Forwarding&
PIM (Protocol Independent Multicast)
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EXHAUSTION

Multicast Distribution Tree(MDT)

TILFXNYRAMT 490X T SN -Tree £ %
EiR->TRARMN>TERESND,
e Shortest Path Tree/Source Tree/ (S,G) Tree
— Tree®DIER[ESource
— (S,G) "—AXMForwarding
— Receiver~Source® CMDRouting L DFEFTFERELESD
e Shared Tree / RP Tree / (*,G) Tree

— TreeDIERILRP
— (*,G) N—XRX(MDForwarding
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EXHAUSTION

Reverse Path Forwarding (RPF)

*RPF interface (Incoming interface)

MDTZHERL T BRI, Multicast Source7KRLRX/RPF7KRL A%
TTIZ,. EDInterfaceN D InterfacehhZHRouter TIRTE
95, REIZ[TUnicast RoutinglF#i/MulticastfRouting
Tk (BGP mc-addr-family/static-mrouteZ) NHE

*Outgoing interface (List)
JoindN =T ilDInterface, OIF/0IL
*RPF Neighbor

RPF interfacelt®. #HRouterhHPio B7- LR {llDNext Hop
Router Address, (*,G)/ (S,G)C &EITREINSD, PIM
Join/Prunel¥RPF NeighborlZ¥LTEEIN S,

*RPF Check

H%(*,G)/(S,G) [SDLT, £MRPF interfaceMHRIEEH
I=RIVFF X AN TYRE T RAEIE SN D, RPFTAELY
InterfaceMoRESN=/\TYMIWRIND,
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EXHAUSTION

RPF Check

Multicast %
Packet

N

RPF Check Pass
=>Forward

RPF Check Fail
=>Drop

‘ (2001:10::10, FF38::1:1)
RPF interface = EO

RPF Neighbor = FE80::2
Outgoing Interface = E2
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EXHAUSTION

PIM ANy Ny R D A—T Yk

IPv6 Source Addr = Router Link-Local address
IPv6 Destination Addr Message TypelZldkd

IPv6 NextHeader = 103 (0x67)
0 1 2 3
01234567890123456789012345678901
Ver=2 | Type Reserved Checksum
0 = Hello ALL-PIM-ROUTERS (FF02: :D)
1 = Register RP Address
2 = Register-Stop First Hop Router (source of register)
3 = Join/Prune ALL-PIM-ROUTERS (FF02: :D)
4 = Bootstrap ALL-PIM-ROUTERS (FF02: :D)
5 = Assert ALL-PIM-ROUTERS (FF02: :D)
8 = Candidate-RP-Advertisement | BSR address
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EXHAUSTION

PIM Hello/PIM Neighbor

« Router[@ T IEE EIHI(ZHello PacketZLink-LocallZ1%
1§L\ _-EL \7EP|M NEIgthrtLTn:b\nﬁkTé

 RPF neighbor A% PIM NeighborEL TR S Ty
LRPF Neighborl"TLJoin/Prune’&% _.EE%)

j:s PIM DR-priority (DR- prlorltyb\ﬂbiﬁA( li
Address® K/MZ K BHtie-break) [ZKY) . Designated-
Router(DR)AA1DREEN B,
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