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Introduction

Este documento descreve o fluxo de pacote do Modelo de Multicast de Origem Qualquer (ASM -
Any-Source Multicast).

Informagdes de Apoio

Este documento fornece o fluxo de pacote detalhado do fluxo de pacote Multicast Nativo e a
analise de sua saida. Isso descreve a saida de analise detalhada e o fluxo de pacotes no plano
de controle e no plano de encaminhamento.

O ASM é o modelo no qual o receptor ndo tem o conhecimento do remetente. Significa que pode
receber trafego de qualquer fonte. O receptor esta ciente apenas do grupo multicast que o
remetente usa e do Internet Group Management Protocol (IGMP) para assinar e receber todo o
trafego destinado a esse endereco.

Tudo isso é abordado neste documento:

1. O que acontece quando o Receptor esta ativo.

2. O que acontece quando a Origem esta ativa.

3. O que acontece quando o registro € recebido no ponto de encontro (RP).

4. Como (S,G) se formou. Até o roteador First Hop (FHR).

5. Qual caminho é seguido para o primeiro Fluxo Multicast.

6. O que acontece quando dois fluxos recebem no LHR (Last Hop Router).

7. Como o SPT (Shortest Path Tree, Arvore de caminho mais curto) é formado sobre a arvore
compartilhada. Exatamente o que acontece e o motivo pelo qual a mudanca ocorre.



O Protocol Independent Multicast (PIM) & usado como um protocolo de roteamento multicast
entre a origem e o receptor para criar a arvore multicast. No ASM, (*,G) a entrada multicast é
usada em que * representa qualquer origem e G é o receptor de enderego de grupo multicast que
esta interessado para receber o trafego.

Etapa 1. Quando o receptor esta ativo, ele envia uma mensagem
de relatério IGMP

- Quando a expressao de interesse do receptor € recebida, o roteador designado (DR) envia
uma mensagem PIM Join para o RP desse grupo multicast.
.- Esta mensagem Join é conhecida como um (*,G) Join porque ingressa no grupo G para todas
as fontes desse grupo.
- A unido (*,G) viaja salto a salto em diregao ao RP para o grupo e, em cada roteador, passa
pelo estado de arvore multicast para o grupo G € instanciada.
O LHR é considerado o roteador do ultimo salto porque ele tem o flag C na entrada (*,G), o que
significa que ele tem o receptor conectado diretamente (na verdade, nesse caso, ele é o préprio
com o0 uso do comando igmp join group).
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LHR is consider the last-hop router
because it has the C flag in the (*,G)
entry which means that is has directly
connected receiver (in fact in this case
it is himself by using the “igmp jeoin

group” command) .
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Actually the PIM register message encapsulates the multicast packet sent by the source into a unicast packet.

» Frame 59: 68 bytes on wire (544 bits), 68 bytes captured (544 bits) on interface @
Ethernet II, Src: ca:98B: fa:92:90:00 (ca:@8:Ta:92:00:00), Dst: IPv4mcast_@d (01:00:5e:00:00:0d)
* Internet Protocol Version 4, Src: 18.0.78.8, Dst: 224.0.86.13

e1@@ .... = Version: 4

A

«ee« 0101 = Header Length: 20 bytes
» Differentiated Services Field: @xc® (DSCP: CS6, ECN: Not—ECT)
Total Length: 54
Identification: @x@b27 (2855)
= Flags: @xee
Fragment offset: @
Time to live: 1
Protocol: PIM (1@3)
> Header checksum: @x7565 [validation disabled]
Source: 10.0.78.8
Destination: 224.0.0.13
[Source GeoIP: Unknownl

TTL is always 1. Which means it’s a RP/RE destined packet.

[Destination GeoIP: Unknown]
w* Protocol Independent Multicast
P19 .... = Version: 2
cee. B@11 = Type: Join/Prune (3)
Reserved byte(s): @@
Checksum: @x87c7 [correct]
« PIM Options
Upstream—neighbor: 1©.©.78.7
Reserved byte(s): @@
Num Groups: 1
Holdtime: 210
* Group @: 224.10.10.10/32
» Mum Joins: 1
MNum Prunes: @

PIM JOIN Message carries the active group address

Etapa 2. Quando a origem esta ativa

- Antes que o DR envie a mensagem de registro, em resumo, ele precisa consultar a tabela
mroute para garantir que ela ndo seja o RP e tenha informag¢des do RP-Set e todas as
verificagdes exigem que o PIM seja ativado entre o roteador DR e o RP.

- Tanto o tunel FHR quanto o RP precisam ter encapsulamento e desencapsulamento de tunel

de nivel de software.

Register Message (Registrar mensagem) fornece as informagdes Source Group (Grupo de

origem) e a existéncia de Source (Origem).

- O pacote multicast encapsulado é extraido e o RP verifica se existe um estado (*,G) para o
endereco de destino.

- Se ndo houver um estado (*,G), PIM Register-Stop € enviado de volta imediatamente.
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FHR #
(1.1.1.1, 224.22.22.44), 00:03:15/00:00:02, f£lags: PFT

Gutgoing interface list: Null

Register flag (F) is enabled for registraticn process in the FHR.
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F flag: Source is directly connected and the register process must be used to notify the RP to this scurcm.
P flag: Outgoing interface is null as no one has joined the SPT tree yet for this source
T flag: traffic is being received from the source.

FIM must enable betwean DR & FF router to send and receive the Registar message.
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Frame 442: 142 bytes on wire (1136 bits), 142 bytes captured (1136 bits) on interface @
Ethernet II, Src: ca:@l:cl:46:00:1c (ca:®1:cl:46:80:1c), Dst: ca:82:cl:62:00:00 (ca:02:cl:6a:00:08)
Internet Protocol Version 4, Src: 10.8.12.1, Dst: 4.4.4.4
Protocol Independent Multicast

2818 .... = Version: 2

+sss 0801 = Type: Register (1)

Reserved bytels): 0@

Checksum: @xdeff [correct]
v PIM Options

» Flags: ax@oeaaoes

P188 .... = IP Version: IPv4 (4)

Internet Protocol Version 4, Src: 1.1.1.1, Dst: 224.18.19.18
Internet Control Message Protocol



If no active receiver present at RPF, then RP sends REGISTER STOP DR will be silent for default &0 seconds may result
in the se-called "join latency” where a nawly Joined listener may have to way for almost a minute before it can
discover a sulticast scource. This is why in many practical deploymants with dynamic listaners you sea PIM 35M being
used in favor of complicated PIM 5M mechanics.

1 I I 1 | 224,22.22.44 PIMv2 142 Register
4.4.4.4 10.9.91.1 PIMv2 52 Register-stop
RF #

(1.1.1.1, 224.22.22.44), 00:00:43/00:02:16, flags: P
Incoming interface: FastEthernetd/0, RFF nbcl.' 10.0.24.2
Outgoing interface list: Null

Prune Flag (P) is set as no active receiver (*,G) entry present in RP.

RP SENDS REGISTER STOPF WHEN WO ACTIVE BECIEVER FOR THE GROUF AND DISCARD THE MULTICAST PACEET

Frame 973: 52 bytes on wire (416 bits), 52 bytes captured (416 bits) om interface @
Ethernet II, Src: ca:82:cl:62:00:00 (ca:02:c1:6a3:90:00), Dst: ca:@1l:cl:46:00:1c (ca:@l:cl:46:88:1c)
Internet Protocol Version 4, Src: 4.4.4.4, Dst: 10.98.91.1
Protocol Independent Multicast
@818 .... = Version: 2
ces. BB1B = Type: Register-stop (2)
Reserved bytel(s): @@
Checksum: @xe3% [correct]
v PIM Options
Group: 224.22.22.44/32
Source: 1.1.1.1

4 ¥ ¥¥

Etapa 3. Arvore Compartilhada do Formulario

- Antes que o DR envie a mensagem de registro, em resumo, ele precisa consultar a tabela
mroute para garantir que ela ndo seja o RP e tenha informagdes do RP-Set e todas as
verificagoes exigem que o PIM seja ativado entre o roteador DR e o RP

- Tanto o tunel FHR quanto o RP precisam ter encapsulamento e desencapsulamento de tunel
de nivel de software

- Register Message (Registrar mensagem) fornece as informagdes Source Group (Grupo de
origem) e a existéncia if Source (Origem).

- O pacote multicast encapsulado é extraido e o RP verifica se existe um estado (*,G) para o

endereco de destino.
- Se ndo houver um estado (*,G), PIM Register-Stop € enviado de volta imediatamente.
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| The #P alsc sees that an active shared tree with a nonaspty cotgoing interface list exists and therefore sends the da-
encapsulated packet down the shared trea.

RF #
{*, 224.1.1.1), 02:45:12/00:03:11, BP 4.4.4.4, flags: §

_____ 0.0.0
o inter list: Prasenca of (*.G) at RP means active receiver.

FastEthernet0/0, Forward/Sparse, 02:45:12/00:03:11
(10.0.12.1, 224.1.1.1), 00:02:42/00:00:21, flags: T
Incoming interface: FastEthernet0/0, REF nbr 10.0.24.2
Outgoing interface list: Null

T Flag set for the shared trea.

» Frame 29: 76 bytes on wire (688 bits), 76 bytes captured (688 bits) on interface @

» Ethernet II, Src: ca:@4:7f1:9c:00:00 (ca:04:71:9¢c:00:00), Dst: IPvdmcast_@d (@1:00:5e:00:00:04d)
=

L

Internet Protocol Version 4, Src: 18.98.24.4, Dst: 224.8.8.13
Protocol Independent Multicast
8818 .... = Version: 2
caes 8811 = Type: Join/Prune (3)
Reserved byte(s): @@
Checksum; @xbdc2 [correct]
v PIM Options
Upstream-neighbor: 10.@.24,2
Reserved bytel(s): @@
Num Groups: 1
Holdtime: 21@
v Group @: 224.1.1.1/32
v Mum Joins: 2
IP address: 1.1.1.1/32 (S5}
IP address: 18.8.12.1/32 (5)
Num Prunes: @

Etapa 4. (S,G) Alcance de pacote em dire¢ao a FHR

- Somente a presenga de MENSAGEM REGISTRADA no PIM JOIN RP (S,G) viaja até a FHR.
Para criar o estado Encaminhamento.

- Depois que PIM JOIN, ele conclui o processo para criar um estado de encaminhamento de
hardware para o fluxo de trafego Multicast.



- Se houver (*,G) ouvintes, o RP comeca a construir o SPT em diregdo ao endereco IP de
origem multicast. Aqui é onde a verificagdo RPF € executada para descobrir a interface
upstream para a qual enviar o PIM Join.
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Etapa 5. Primeiro fluxo de pacote multicast, acesse o receptor
através da arvore compartilnada

- Um roteador encaminha o fluxo multicast somente se for recebido na interface INC/RFP.
- O enderecgo de origem dos pacotes multicast é verificado em relagédo ao RT unicast.

- Determine a interface e o roteador multicast do proximo salto na dire¢ao da origem para onde

a juncao foi enviada.

- O RP esta no processo de ingressar na arvore de origem especifica para S, os pacotes de
dados continuarao sendo encapsulados para o RP. Quando os pacotes de S também
comecgarem a chegar nativamente ao RP, o RP recebera duas copias de cada um desses
pacotes.

- Nesse ponto, o RP comecga a descartar a copia encapsulada desses pacotes e envia uma
mensagem REGISTER STOP de volta ao DR de S para evitar que o DR encapsule
desnecessariamente os pacotes.
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PIM-ZM snables a last hop DR (that is, a DR with directly connscted hosts that have joined a multicast group) to switch
from the shared tree to the 5PT for a specific scurce. This step is usually accomplished by specifying an SPT-Threshold
in terma of bandwidth. If this threshold is exceeded, the last-hop DR joins the SPT. (Cisco routers have this threshold
sat to zerc by default, which means that the SFT is joined as soon the first multicast packet from a source has bean
recaived via the shared trea.)

- Quando o RP receber o trafego de origem através da arvore de origem. O caminho da origem
do hardware esta estabelecido. Defina o sinalizador "T" e a arvore sera criada.

- O RP envia REGISTER STOP para destruir o tunel do FHR para o RP depois de receber o
trafego de origem.

- Para interromper esse processo de registro, o RP envia uma mensagem de parada de
registro PIM
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Etapa 6. O LHR recebe trafego do SPT e envia mensagem de
remogao para a arvore compartilhada

Apobs o recebimento de dois fluxos de trafego multicast, o LHR comega a receber o trafego do
SPT e envia a mensagem de remog¢ao para a arvore compartilhada.

O flag J significa que o respectivo estado (*,G) € alternar o SPT pelo roteador leaf.
N° LHR
(10.0.12.1, 239.1.1.1), 00:00:38/00:02:21, flags: LJT
Interface de entrada: FastEthernet0/0, RPF nbr 10.0.78.7
Lista de interfaces de saida:
GigabitEthernet1/0, Encaminhamento/Esparso, 00:00:38/00:02:21
O flag "F" é normalmente encontrado para os estados criados no roteador PIM DR - ele sinaliza
os estados de encaminhamento que correspondem aos fluxos registrados no RP. Se o sinalizador

"F" persistir, o roteador provavelmente ndo podera receber as mensagens PIM Register-Stop de
volta do RP e, portanto, ha fontes que ndo mudaram para o SPT.



[ The flag means the oespective (*,G) state is to be switched the SFT by the laaf soutes.

Lix #

(10.0.12.1, 239.1.1.1), ©0:00:38/00:02:21, flage: LJT
Incoming interface: FastEthernetd/0, RPF nbe 10.0.78.7
Cutgoing interface list:

GigabitEthernatl/0, Forward/Spacea, 00:00:38/00:02:21

. Tha “F" flag is typically found for the stabtes created at tha PIM DR router = it signalizes the Scowarding states that corzespond
to the flows being registered with the RP. If the “F° flag persists, then your router is most likely not receiving tha FIM
Fegistar-Stop messages back from the RP, and thus there are sources that has not switched to the SPT trea.

(*, 239.1.1.1), 00:08:01 stopped, RF 4.4.4.4, flaga: SFF
Incoming interface: Mull, REF nbr 0.0.0.0
Cutgoing interface list: Mull

(1.1.1.1, 239.1.1.1), 00:03:02/00:00:15, flags: FFT

Incoming interface: Loopback(, RFF pbr 0.0.0.0, Registering
Cutgoing intazface list: Hull

[ Thers is an (5,5) entry in this table, which has the flag “T* meaning it's a shortest-path and not a shared tres construct. Tha
inceming interface is set to Loopback( and PPF neighbor to “0.0.0,.0" which means the local router is the traffic source,

INC S40/0/1
OIL 2i0/0/0

me 2i0/0/1
OIL Gi0/0/0

| I—

-~

,-/u soon as the LER ressive the first sulticast stress, tha
last kep rowter crsates SFT.
By dafaplé Cisco rovtera make SPT awitchovaer after

4 ) the first packat was received,

At this point (on R3} the SPFT tres and the shared tres diverge and as ™ Switchower to the SPT on LHR leot's configure the
gunaral PIM 5M rule states when it is the cass the router on which the following: "LHR{config)#io pim spt-threshold 07
trees diverge should send & (8,G)RP-bit prune up the shared tres in order

which basically means that RL will always join the

source tres upon Fecaiving the first multicase
the P to prune the ket from

rall tha .
avaid receiving multicast |, The J flag is now sat and & (5,G) have been croated.
shared tres and the SPT at the sams time. - __,/I

S




Tha receiver (or a router upstream of the recelver) will be receiving two copimss of tha data: one from tha SFT and one
from the RPT. When the fizst traffic starts to arrive fros the SPT, the DR or upstreas roubter starts to drop the packets
for G from 5 that arrive via the AP tree. In addition, it sends an (5,G) Prune message towards the RP.

This is known as an (8,G,rpt) Frune. Tha Frune sessage travels hop-by-hop, instantiating state along the path towards
the RP indicating that traffic from § for G should NOT ba forwarded in this direction. The prune is propagated until it
reaches tha RPF or a router that still needs the traffic from § for other receivers.

At this point (on R5) the SPT tree and the shared tree diverge and as genaral PIM SM rule statas when it is the cass the router

on whieh the tzees diverge should sesd a (8,G)RP-bit prune up the shared tres in order te receive traffic oaly from the scucce path
tree which is the optimal path to the source. This special type of prune is to tell the RP to prune the source traffic from the shared
tree in order to avoid receiving multicast via the shared tree and the SFT at the sa=a time,

BP0

{10.0.12.1, 224.1.1.1), 00:00:10/00:02:53, flags: PTX
Incoming interface: FastEtharnet0/0, RPF nbe 10.0.24.2
Outgeing interface list: Mull

P Bit (Prume Flag) zeceived from the diverge point.

LHR §

{10.0.12.1,; 224.1.1.1), O0:0L:59/00:01:00, flags: LJT
Incoming interface: FastEtharnet0/0, RPF rﬂ_rr 10.0.78.7
Outgoing interface Lliskt:

GigabitEthernetl/0, Forward/Sparse, 00:01:59/00:02:57

“FIM Join/Prune M gea" the RF flag (alsc zefarred to as the FP-bit) indicates that this message is applicable to the shared tree
and should bea forwarded up the shared tree toward the RP. Setting this flag/bit in am (81, G) Prune and sending it up the shared tree
tells the routers along the shared trees to prune Scurce 51 multicast traffic from the shared tree.

\ST RECEIVER

OIL @a0/00 1

- feroute antoy
Y =@
INC @id/oso
CIL 240/0/1
15,5
ImS Si0/0/1
CEL GL0/0/0

i

[ Traffic Flow is no longer mesded by the
AP o it pruned the flow of (8,5}
traffic

IS G001
OIL MILL



/7 Hzoute snvey

[*.6)
™G 910/0/1
OIL Gi0/0/0

[8,8)
™ Gi0/0/41
aIL S10/0/0

[5.5)
INC S40/0/0
OIL 940/0/1

1

| Bmorrest Path tree uses more mescry but peovidss optimal path free the scurce to all receiver, that’'s why to minimise the delay
The shared tres uses loss sesory because its dossn't have to separats sulticast state for sach source for tha given sulticast group,
Dot =ay cooata s suboptimal routing for scme receiver. Shared tree also introduced extra delay.

"Incoming interface” is set to Null, which means there is no incoming traffic —
for this group. If any physical intarface the traffic is thedir. C" means thare is a group-mesber

directly connected

Ri#sh ip mroute

“L* means the router itsslf |

(*, 239.1.1.1), 00:27:32/00:02:08, RP 4.4.4.4, flags: SJCL | joined the group.

* Qutgeing interface list:

possibly the rexb-hop Touter |

v

GigabitEthernetl/0, Forward/Sparse, 00:27:32/00:02:08

Expire timss (How soon the group will sxpired if mno refreshed

|'I:Ip'r_i- (How lomg this state has boen created)

Incoming interface: Hull, RPFF RbE 158 29 0.5

If the incoming interface is mull and the RFF peighbor is IF address, than there is a RPF failure. Mtrace will confirm the issus.
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