PIM ASM Details

PIM SM Joining
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PIM SM Joining

10.1 4820
o EO
Shared Tree | 10.1.2.1
—
10.1.2.2 EO
o
@ 1GMP Join ———

Revr

@ Rcvr wishes to receive group G traffic. Sends IGMP Join for G.

PIM SM Joining

10.1 4%0
o EO
Shared Tree | 10.1.2.1
—
10122E0
E1

Revr

(*, 224.1.1.1), 00:00:05/00:00:00, RP 10.1.5.1, flags:
Incoming interface: EthernetO, RPF nbr 10.1.2.1
Outgoing interface list:

Ethernetl, Forward/Sparse-Dense, 00:00:05/00:02:54

sC

B Creates (*, 224.1.1.1) State
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PIM SM Joining

10.1.4.2 ‘ | EO

Shared Tree
———

10.1.2.2 Eo[ I @ (*,G) Join

‘&
Revr-A

@ Rcvr wishes to receive group G traffic. Sends IGMP Join for G.

@ B sends (*,G) Join towards RP.

PIM SM Joining
To RP (10.1.5.1)\!\
S0

10.1.4.

Shared Tree
———

10.1.2.2 =)

iz
Revr A

(*, 224.1.1.1), 00:00:05/00:03:24, RP 10.1.5.1, flags: S
Incoming interface: SerialO, RPF nbr 10.1.4.1
Outgoing interface list:

Ethernet0, Forward/Sparse-Dense, 00:00:05/00:02:54

A Creates (*, 224.1.1.1) State
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PIM SM Joining

To RP (10.1.5.1)% 1
S0
@¢.6)Join 19443 Eo
Shared Tree 10.1.2.1
—
10.1.2.2 EO’

‘&
Revr

@ Rcvr wishes to receive group G traffic. Sends IGMP Join for G.
@ B sends (*,G) Join towards RP.

@ A sends (*,G) Join towards RP.
@ Shared tree is built all the way back to the RP.

PIM SM Pruning
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PIM SM Pruning

Shared Tree Case

ToRP(1015.1)\ S1
10.1 4320
(S}, G) Traffic Flow 1.4. IEO
Shared Tree 10.1.2.1
‘SPTTree 101.2.2
““EO
E1

Revr

(¥, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: SC
Incoming interface: EthernetO, RPF nbr 10.1.2.1,
Outgoing interface list:

Ethernetl, Forward/Sparse-Dense, 00:01:43/00:02:11

State in B Before Pruning

PIM SM Pruning

Shared Tree Case

To RP (101:5.1) ™
s

(S;, G) Traffic Flow 10.1.
Shared Tree
w— SPT Tree

10.1 .2.2E0
.
Recvr A

(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: S
Incoming interface: SerialO, RPF nbr 10.1.4.1,
Outgoing interface list:

Ethernet0, Forward/Sparse-Dense, 00:01:43/00:02:11

State in A Before Pruning
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PIM SM Pruning

Shared Tree Case

TORP(1015.1)‘“ S1

1014320
(S}, G) Traffic Flow 1.4. IEO
Shared Tree 10.1.2.1

*SPTTree 10.1.2.2

122,
@GvpLeave LEI %
Revr

@ B is a Leaf router. Last Rcvr, leaves group G.

PIM SM Pruning

Shared Tree Case

ToRP(1015.1)‘“ S1
10.1 4320
(S; G) Traffic Flow 1.4. EO
' Shared Tree 10.1.2.1

w—> SPT Tree

10.1.2.2p, 0( ,G) Prune

@LE!

(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: SP
Incoming interface: EthernetO, RPF nbr 10.1.2.1,
Outgoing interface list:

Ethernetl, Forward/Sparse-Dense, 00:01:43/00:02:11

@ B removes E1 from (*,G) and any (S;G) “oilists”.
® B’s (*,G) “oilist” now empty; triggers (*,G) Prune toward RP.




PIM SM Pruning

Shared Tree Case

To RP (10.1.5.1) ‘“
"i-.....

(*,G) Prune S
(S, G) Traffic Flow 10.1.
Shared Tree

w1 SPT Tree

(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: SP
Incoming interface: SerialO, RPF nbr 10.1.4.1,
Outgoing interface list:
Ethernet0, Forward/Sparse-Dense, 00:01:43/00:02:11

@ A receives Prune; removes EO from (*,G) “oilist”.
(After the 3 second Multi-access Network Prune delay.)

@ A’s (*,G) “oilist” now empty; triggers (*,G) Prune toward RP.

PIM SM Pruning

Shared Tree Case

To RP (10.1.5.1) ‘7 ¥ S1
10.1 4320
(S;, G) Traffic Flow 1.4. | EO
' Shared Tree 10.1.2.1
SPT Tree 10.1.2.2E0[

Res

(6) Pruning continues back toward RP.
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PIM SM Pruning
Source (SPT) Case

To RP (10.0.51) ™ _ g
s

To Source “S;”

(S, G) Traffic Flow
Shared Tree
w—> SPT Tree

10.1.2.2 EO

e
Revr

(*, 224.1.1.1), 00:01:43/00:00:00, RP 10.1.5.1, flags: S
Incoming interface: SerialO, RPF nbr 10.1.4.1,
Outgoing interface list:

Ethernet0, Forward/Sparse-Dense, 00:01:43/00:02:11

(171.68.37.121, 224.1.1.1), 00:01:05/00:01:55, flags: T
Incoming interface: Seriall, RPF nbr 10.1.9.2
Outgoing interface list:

Ethernet0, Forward/Sparse-Dense, 00:01:05/00:02:55

State in A Before Pruning

PIM SM Pruning
Source (SPT) Case

To Source “S;”
To RP (10.1. 51>‘\:\%‘/

(S;, G) Traffic Flow 10.1.4.2
Shared Tree

> SPT Tree

10121

10.1.2.2 EO

‘&

(*, 224.1.1.1), 00:01:43/00:00:00, RP 10.1.5.1, flags: SC
Incoming interface: Ethernet(O, RPF nbr 10.1.2.1,
Outgoing interface list:

Ethernetl, Forward/Sparse-Dense, 00:01:43/00:02:11

Ccvr

(171.68.37.121, 224.1.1.1), 00:01:05/00:01:55, flags: CJT
Incoming interface: Ethernet(O, RPF nbr 10.1.2.1
Outgoing interface list:

Ethernetl, Forward/Sparse-Dense, 00:01:05/00:02:55

State in B Before Pruning
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PIM SM Pruning
Source (SPT) Case

To Source “S;”
To RP (10.1.5. 1)‘\'\

(S;, G) Traffic Flow 10.1.4. 2 1 iar
" Shared Tree 0.
w—> SPT Tree 10.1.2.2
EO
OIGMP Leave %
Recvr

@ B is a Leaf router. Last Rcvr leaves group G.

PIM SM Pruning
Source (SPT) Case

To Source “S;”
To RP (10.1. 51>‘~\:\_%/

(S;, G) Traffic Flow 10.1.4.2

Shared Tree 10 1.2.1

> SPT Tree

10.1.2.2 EO

"G

Incoming interface: EthernetO, RPF nbr 10.1.2.1,
Outgoing interface list:

(171.68.37.121, 224.1.1.1), 00:01:05/00:01:55, flags:
Incoming interface: EthernetO, RPF nbr 10.1.2.1
Outgoing interface list:

(*, 224.1.1.1), 00:01:43/00:0R2:60, RP 10.1.5.1, flags:

Ethernetl, Forward/Sparse-Dense, 00:01:43/00:02:11

Ethernetl, Forward/Sparse-Dense, 00:01:05/00:02:55

Se

CJPT

@ B removes E1 from (*,G) and all (S,G) OIL’s.
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PIM SM Pruning
Source (SPT) Case

To Source “S;”
To RP (10.1.5. 1)\“

10142

(Sj, G) Traffic Flow
——— 101 2.1

Shared Tree

> SPT Tree

1012200 § @-,6) Prune

P

(*, 224.1.1.1), 00:01:43/00:02:60, RP 10.1.5.1, flags:
Incoming interface: EthernetO, RPF nbr 10.1.2.1,
Outgoing interface list:

Ethernetl, Forward/Sparse-Dense, 00:01:43/00:02:11

(171.68.37.121, 224.1.1.1), 00:01:05/00:01:55, flags:
Incoming interface: EthernetO, RPF nbr 10.1.2.1

Outgoing interface list:
Ethernetl, Forward/Sparse-Dense, 00:01:05/00:02:55

se

CJPT

® B’s (*,G) OIL now empty; triggers (*,G) Prune towa

rd RP.

PIM SM Pruning
Source (SPT) Case

To Source “S;”
To RP (10.1. 51>‘\:\%‘/

(S;, G) Traffic Flow 10.1.4.2

Shared Tree 10 1.2.1

> SPT Tree

1012241 ¥ @s,6) Prune

=

(*, 224.1.1.1), 00:01:43/00:00:00, RP 10.1.5.1, flags:
Incoming interface: Ethernet0, RPF nbr 10.1.2.1,
Outgoing interface list:

(171.68.37.121, 224.1.1.1), 00:01:05/00:01:55, flags:
Incoming interface: Ethernet0, RPF nbr 10.1.2.1
Outgoing interface list:

SP

CJPT

@ B’s (S,G) OIL also now empty; triggers (S, G) Prun

e towards Si .

8/5/08
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PIM SM Pruning
Source (SPT) Case

ToRP (10.1.5.1)‘"\!\
S0

To Source “S;”

(S, G) Traffic Flow
Shared Tree
w—> SPT Tree

(*, 224.1.1.1), 00:02:32/00:00:00, RP 10.1.5.1, flags: SP
Incoming interface: SerialO, RPF nbr 10.1.4.1,
Outgoing interface list:

(171.68.37.121, 224.1.1.1), 00:01:56/00:00:53, flags: PT
Incoming interface: Seriall, RPF nbr 10.1.9.2
Outgoing interface list:

© A receives (*, G) Prune; removes EO from (*,G) & (S,G) OIL’s

(After the 3 second Multi-access Network Prune delay.)

PIM SM Pruning
Source (SPT) Case

To RP (10.1.5.1) \“
“i-.....

To Source “S;”

(*,G) Prune SO
(S;, G) Traffic Flow 10.1.4.2
_

Shared Tree
w— SPT Tree

|\F°1o.1.2.1

T
(*, 224.1.1.1), 00:02:32/00:00:00, RP 10.1.5.1, flags: SP
Incoming interface: SerialO, RPF nbr 10.1.4.1,
Outgoing interface list:

(171.68.37.121, 224.1.1.1), 00:01:56/00:00:53, flags: PT
Incoming interface: Seriall, RPF nbr 10.1.9.2
Outgoing interface list:

@ A’s (*,G) OIL now empty; triggers (*,G) Prune toward RP.
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PIM SM Pruning
Source (SPT) Case

TORP (104.5.1) ™~

To Source “S;”

—

S0 @ (s, .G) Prune
10.1.4.2 0
10.1.2.1

(S;, G) Traffic Flow
e Shared Tree
w— SPT Tree

T
(*, 224.1.1.1), 00:02:32/00:00:00, RP 10.1.5.1, flags: SP
Incoming interface: Serial0O, RPF nbr 10.1.4.1,
Outgoing interface list:

(171.68.37.121, 224.1.1.1), 00:01:56/00:00:53, flags: PT
Incoming interface: Seriall, RPF nbr 10.1.9.2
Outgoing interface list:

@ A’s (S,G) OIL also now empty; triggers (S,G) Prune towards S;.

PIM SM Pruning
Source (SPT) Case

TORP(10151) ™~ o~

To Source “S;”

(S; G) Traffic Flow 10.1.4.2
" Shared Tree

s> SPT Tree

|\F°1o.1.2.1

T
(*, 224.1.1.1), 00:02:32/00:00:00, RP 10.1.5.1, flags: SP
Incoming interface: SerialO, RPF nbr 10.1.4.1,
Outgoing interface list:

(171.68.37.121, 224.1.1.1), 00:01:56/00:00:53, flags: PT
Incoming interface: Seriall, RPF nbr 10.1.9.2
Outgoing interface list:

O (S;6) traffic ceases flowing down SPT.

8/5/08
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PIM SM Registering

PIM SM Registering—
Receiver Joins First

8/5/08
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PIM SM Registering

Receiver Joins Group First

RP
- Eo S0 ) s1
1

Shared Tree

(*, 224.1.1.1), 00:03:14/00:02:59, RP 171.68.28.140, flags:S
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list:
Serial0, Forward/Sparse-Dense, 00:03:14/00:03:15
Seriall, Forward/Sparse-Dense, 00:03:14/00:03:15

State in “RP” Before Any Source Registers
(With Receivers on Shared Tree)

PIM SM Registering

Receiver Joins Group First

RP

Shared Tree

rtr-b>sh ip mroute 224.1.1.1

No such group

State in B Before Any Source Registers
(With Receivers on Shared Tree)

14



PIM SM Registering

Receiver Joins Group First

— Eo - so% s1 s3

RP

S0

hared Tree

rtr-a>sh ip mroute 224.1.1.1

No such group.

State in A Before Any Source Registers
(With Receivers on Shared Tree)

PIM SM Registering

Receiver Joins Group First

(171.68.37.121, 224.1.1.1)
Mcast Packets

o_» RP
—
Source ) so0 so s1 s3
171.68.37.121 S0 i

Shared Tree

@ Source begins sending group G traffic.

8/5/08
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PIM SM Registering

Receiver Joins Group First

(171.68.37.121, 224.1.1.1) @) Register Msgs

Mcast Packets / ‘\\

"I--l-i.r ~ RP
s1 s3

7 i

Source
Shared Tree

EO
171.68.37.121

(*, 224.1.1.1), 00:00:03/00:00:00, RP 171.68.28.140, flags: SP
Incoming interface: SerialO, RPF nbr 171.68.28.191,
Outgoing interface list: Null

(171.68.37.121, 224.1.1.1), 00:00:03/00:02:56, flags: FPT
Incoming interface: Ethernet0, RPF nbr 0.0.0.0, Registering
Outgoing interface list: Null

A Creates (S, G) State for Source
(After Automatically Creating a (*, G) entry)
@ Source begins sending group G traffic.

@ A encapsulates packets in Registers; unicasts to RP.

PIM SM Registering

Receiver Joins Group First

(171.68.37.121, 224.1.1.1) Register Msgs
Mcast Packets .
/ 171.68.28.139 N
—_—— /_ Sy RP
Source | Eo S0 S0

171.68.37.121

Shared

(*, 224.1.1.1), 00:09:21/00:00:00, RP 171.68.28.140, flags: S
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list:
Serial0, Forward/Sparse-Dense, 00:09:21/00:02:38
Seriall, Forward/Sparse-Dense, 00:03:14/00:02:46

(171.68.37.121, 224.1.1.1, 00:01:15/00:02:46, flags:
Incoming interface: Serial3, RPF nbr 171.68.28.139,
Outgoing interface list:

Serial0, Forward/Sparse-Dense, 00:00:49/00:02:11
Seriall, Forward/Sparse-Dense, 00:00:49/00:02:11

“RP” Processes Register; Creates (S, G) State
® RP (C) de-encapsulates packets; forwards down Shared tree.

@, 224.1.1.0)
Mcast Traffic

8/5/08
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PIM SM Registering

Receiver Joins Group First

(171.68.37.121, 224.1.1.1) Register Msgs
Mcast Packets (S.G) Join@\k
—_—t RP
Source ) S0 S0 s1
171.68.37.121 S0 S1
(*, 224.1.1.1)
Mcast Traffic

Shared Tree

© RP sends (S,G) Join toward Source to build SPT.

PIM SM Registering

Receiver Joins Group First

(171.68.37.121, 224.1.1.1) Register Msgs
Mcast Packets N
; /(S,G) Jome Y RP
[
Source = 0 S0 B s1
171.68.37.121 i B S1
(*,224.1.1.1)
171.68.28.19 Mcast Traffic

Shared Tree

(*, 224.1.1.1), 00:04:28/00:00:00, RP 171.68.28.140, flags: SP
Incoming interface: Seriall, RPF nbr 171.68.28.140,
Outgoing interface list: Null

(171.68.37.121, 224.1.1.1), 00:04:28/00:01:32, flags:
Incoming interface: Serial0O, RPF nbr 171.68.28.190
Outgoing interface list:

Seriall, Forward/Sparse-Dense, 00:04:28/00:01:32

B Processes Join, Creates (S, G) State
(After Automatically Creating the (*, G) Entry)

@ B sends (S,G) Join toward Source to continue building SPT.

8/5/08
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PIM SM Registering

Receiver Joins Group First

(171.68.37.121, 224.1.1.1) Register Msgs
Mcast Packets / N
=
—_—t RP
Source E0
171.68.37.121 S0 1
(*, 224.1.1.1)
Mcast Traffic
hared Tree

(*, 224.1.1.1), 00:04:28/00:00:00, RP 171.68.28.140, flags: SP
Incoming interface: Serial0O, RPF nbr 171.68.28.191,
Outgoing interface list: Null

(171.68.37.121, 224.1.1.1), 00:04:28/00:01:32, flags: FT

Incoming interface: Ethernet0, RPF nbr 0.0.0.0, Registering
Mitanina interface Tist:

Serial0, Forward/Sparse-Dense, 00:04:28/00:01:32

A Processes the (S, G) Join; Adds Serial0 to OIL

PIM SM Registering

Receiver Joins Group First

(171.68.37.121, 224.1.1.1) Register Msgs
Mcast Packets

—_—t / 0 ~ RP
- &
Source ) so S0 s1
171.68.37.121 S0 1
(*,224.1.1.1)
Mcast Traffic

Shared Tree

® RP begins receiving (S,G) traffic down SPT.

18



PIM SM Registering

Receiver Joins Group First

(171.68.37.121, 224.1.1.1) Register Msgs
Mcast Packets /

i{%%gi%Hi ‘E%%%;%}i
| EO S0 S0
(*, 224.1.1.1)

Mcast Traffic

Source
171.68.37.121

(*, 224.1.1.1), 00:09:21/00:00:00, RP 171.68.28.140, flags: S
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list:
Serial0, Forward/Sparse-Dense, 00:09:21/00:02:38
Seriall, Forward/Sparse-Dense, 00:03:14/00:02:46

(171.68.37.121, 224.1.1.1, 00:01:15/00:02:46, flags:T < Note “T”Flag
Incoming interface: Serial3, RPF nbr 171.68.28.139, Is Now Set
Outgoing interface list:

SerialQO, Forward/Sparse-Dense, 00:00:49/00:02:11
Seriall, Forward/Sparse-Dense, 00:00:49/00:02:11

Traffic Arriving via SPT Is Forwarded Down Shared Tree
(This Causes the “T” Flag to Be Set)

PIM SM Registering

Receiver Joins Group First

(171.68.37.121, 224.1.1.1) Register Msg
Mcast Packets
/ \
—_— RP
]
Source | E0 S0 S0 s1
171.68.37.121 X y S1
Y (*, 224.1.1.1)
Register-Stop Mcast Traffic

Shared Tree

@ Once “T” Flag is set, next “Register”’ causes RP to send back a
“Register-Stop” to A

8/5/08
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PIM SM Registering

Receiver Joins Group First

(171.68.37.121, 224.1.1.1)
Mcast Packets

—, Q RP

EO

Source
171.68.37.121

(*, 224.1.1.1)

Mcast Traffic
hared Tree

(*, 224.1.1.1), 00:04:28/00:00:00, RP 171.68.28.140, flags: SP
Incoming interface: Serial0O, RPF nbr 171.68.28.191,
Outgoing interface list: Null

(171.68.37.121, 224.1.1.1), 00:04:28/00:01:32, flags: FT
Incoming interface: EthernetO, RPF nbr 0.0.0.0,
Outgoing interface list:

Serial0, Forward/Sparse-Dense, 00:04:28/00:01:32

A Stops Sending Register Messages
(Final State in A)
@ (S,G) Traffic now flowing down a single path (SPT) to RP.

PIM SM Registering

Receiver Joins Group First

(171.68.37.121, 224.1.1.1)
Mcast Packets

—_—t RP
P
Source ) S0 S0 B s1
171.68.37.121 S0 S1
(*,224.1.1.1)
Mcast Traffic

Shared Tree

(*, 224.1.1.1), 00:04:28/00:00:00, RP 171.68.28.140, flags: SP
Incoming interface: Seriall, RPF nbr 171.68.28.140,
Outgoing interface list: Null

(171.68.37.121, 224.1.1.1), 00:04:28/00:01:32, flags: T
Incoming interface: Serial0O, RPF nbr 171.68.28.190
Outgoing interface list:

Seriall, Forward/Sparse-Dense, 00:04:28/00:01:32

Final State in B

20



PIM SM Registering

Receiver Joins Group First

(171.68.37.121, 224.1.1.1)
Mcast Packets

Source | Eo ) so%

171.68.37.121

(*, 224.1.1.1), 00:09:21/00:00:00, RP 171.68.28.140,
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list:

Serial0, Forward/Sparse-Dense, 00:09:21/00:02:38
Seriall, Forward/Sparse-Dense, 00:03:14/00:02:46

(171.68.37.121, 224.1.1.1, 00:01:15/00:02:46, flags:
Incoming interface: Serial3, RPF nbr 171.68.28.139,
Outgoing interface list:

SerialQO, Forward/Sparse-Dense, 00:00:49/00:02:11
Seriall, Forward/Sparse-Dense, 00:00:49/00:02:11

flags: S

T

Final State in the “RP”

(With Receivers on Shared Tree)

(*, 224.1.1.1)
Mcast Traffic

PIM SM Registering—

Source Registers First

8/5/08
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PIM SM Registering

Source Registers First

RP
$1rtr-c
rtr-c>show ip mroute 224.1.1.1
Group 224.1.1.1 not found.
State in “RP” before Registering
(Without Receivers on Shared Tree)
PIM SM Registering
Source Registers First
RP

| EO S0 S0 S$1 S3
S0

$1

rtr-b>show ip mroute 224.1.1.1

Group 224.1.1.1 not found.

State in B Before Any Source Registers
(With Receivers on Shared Tree)

8/5/08
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PIM SM Registering

Source Registers First

RP
E0 A S0 s1 s3
£l s1

rtr-a>show ip mroute 224.1.1.1

Group 224.1.1.1 not found.

State in A Before Any Source Registers
(With Receivers on Shared Tree)

PIM SM Registering

Source Registers First

(171.68.37.121, 224.1.1.1)
Mcast Packets

o_ ==>3 RP
—
Source | EO S0 ] s1 s3
S0 s1

171.68.37.121

@ Source begins sending group G traffic.

23



PIM SM Registering

Source Registers First

(171.68.37.121, 224.1.1.1) @ Register Msgs
Mcast Packets /

o——)

Source
171.68.37.121

EO

> RP
S$1 S3
S0 $1

(*, 224.1.1.1), 00:00:03/00:00:00, RP 171.68.28.140, flags:
Incoming interface: SerialO, RPF nbr 171.68.28.191,
Outgoing interface list: Null

(171.68.37.121, 224.1.1.1), 00:00:03/00:02:56, flags: FPT

Outgoing interface list: Null

Incoming interface: Ethernet0, RPF nbr 0.0.0.0, Registering

SP

A Creates (S, G) State for Source
(After Automatically Creating a (*, G) Entry)
@ Source begins sending group G traffic.

@ A encapsulates packets in Registers; unicasts to RP.

PIM SM Registering

Source Registers First

(171.68.37.121, 224.1.1.1) Register Msgs
Mcast Packets
/ 171.68.28.139 2\
—— :
Source EO S0 S0
171.68.37.121

©3

(*, 224.1.1.1), 00:01:15/00:00:00, RP 171.68.28.140, flags:
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list: Null

(171.68.37.121, 224.1.1.1), 00:01:15/00:01:45, flags: P
Incoming interface: Serial3, RPF nbr 171.68.28.139,
Outgoing interface list: Null

SP

“RP” Processes Register; Creates (S, G) State
(After Automatically Creating the (*, G) Entry)

@ RP (C) has no receivers on Shared Tree; discards packet.
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PIM SM Registering

Source Registers First

(171.68.37.121, 224.1.1.1) Register Msgs
Mcast Packets

e e /
Source | EO S0 ] s1
N\

RP

171.68.37.121

eRegister-Stop

O RP sends “Register-Stop” to A.

PIM SM Registering

Source Registers First

(171.68.37.121, 224.1.1.1)
Mcast Packets

— RP
—
Source | EO S0 ] s1 s3
6 S0 s1

171.68.37.121

@ A stops encapsulating traffic in Register Messages;
drops packets from Source.
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PIM SM Registering

Source Registers First

(171.68.37.121, 224.1.1.1)
Mcast Packets

_—
EO

Source
171.68.37.121

RP
s1 s3
£l s1

(*, 224.1.1.1), 00:01:28/00:00:00, RP 171.68.28.140, flags: SP
Incoming interface: Serial(O, RPF nbr 171.68.28.191,
Outgoing interface list: Null

(171.68.37.121, 224.1.1.1), 00:01:28/00:01:32, flags: FPT
Incoming interface: Ethernet0, RPF nbr 0.0.0.0
Outgoing interface list: Null

State in A After Registering

(Without Receivers on Shared Tree)

PIM SM Registering

Source Registers First

(171.68.37.121, 224.1.1.1)
Mcast Packets

—
—
EO S0 S0

RP

Source
171.68.37.121

rtr-b>show ip mroute 224.1.1.1

Group 224.1.1.1 not found.

State in B after A Registers

(Without Receivers on Shared Tree)
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PIM SM Registering

Source Registers First

(171.68.37.121, 224.1.1.1)
Mcast Packets 171.68.28.139

_—
Source | EO S0 S0

171.68.37.121

RP

(*, 224.1.1.1), 00:01:15/00:00:00, RP 171.68.28.140, flags: SP
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list: Null

(171.68.37.121, 224.1.1.1), 00:01:15/00:01:45, flags: P
Incoming interface: Serial3, RPF nbr 171.68.28.139,
Outgoing interface list: Null

State in RP After A Registers

(Without Receivers on Shared Tree)

PIM SM Registering

Source Registers First

(171.68.37.121, 224.1.1.1)
Mcast Packets

_— RP
Source | EO S0 ] s1 s3
171.68.37.121 S0 i
Qco JA

Receivers Begin Joining the Shared Tree

@ RP (C) receives (*, G) Join from a receiver on Shared Tree.
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PIM SM Registering

Source Registers First

(171.68.37.121, 224.1.1.1)
Mcast Packets

Source | EO S0 S0

171.68.37.121

S, G) Join RP

(*, 224.1.1.1), 00:09:21/00:00:00, RP 171.68.28.140, flags: S
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list:
Seriall, Forward/Sparse-Dense, 00:00:14/00:02:46

(171.68.37.121, 224.1.1.1, 00:01:15/00:02:46, flags: T
Incoming interface: Serial3, RPF nbr 171.68.28.139,
Outgoing interface list:

Seriall, Forward/Sparse-Dense, 00:00:14/00:02:46

RP Processes (*,G) Join
(Adds Serial1 to Outgoing Interface Lists)

@ RP sends (S,G) Joins for all known Sources in Group.

PIM SM Registering

Source Registers First

(171.68.37.121, 224.1.1.1)
Mcast Packets Q

—_— (S, G) Join RP
171.68.37.121 t S0 s1
171.68.28.19

(¥, 224.1.1.1), 00:04:28/00:00:00, RP 171.68.28.140, flags: SP
Incoming interface: Seriall, RPF nbr 171.68.28.140,
Outgoing interface list: Null

(171.68.37.121, 224.1.1.1), 00:04:28/00:01:32, flags:
Incoming interface: SerialO, RPF nbr 171.68.28.190
Outgoing interface list:

Seriall, Forward/Sparse-Dense, 00:04:28/00:01:32

B Processes Join, Creates (S, G) State
(After Automatically Creating the (*, G) Entry)

@ B sends (S,G) Join toward Source to continue building SPT.
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PIM SM Registering

Source Registers First

(171.68.37.121, 224.1.1.1)
Mcast Packets

S ‘E’ RP

Source
171.68.37.121

EO

S1
@, 224111
Mcast Traffic

(*, 224.1.1.1), 00:04:28/00:00:00, RP 171.68.28.140, flags: SP
Incoming interface: Serial0O, RPF nbr 171.68.28.191,
Outgoing interface list: Null

(171.68.37.121, 224.1.1.1), 00:04:28/00:01:32, flags: FT
Incoming interface: Ethernet0, RPF nbr 0.0.0.0,
Outgoing interface list:

Serial0, Forward/Sparse-Dense, 00:04:28/00:01:32

A Processes the (S, G) Join; Adds Serial0 to OIL

0 RP begins receiving (S,G) traffic down SPT.
@ RP forwards (S,G) traffic down Shared Tree to receivers.

PIM SM Registering

Source Registers First

(171.68.37.121, 224.1.1.1)
Mcast Packets

_— RP
—
Source | EO S| s1 s3
171.68.37.121 \ S0 S1
171.68.28.190 * 224.1.1.1_)
Mcast Traffic

(*, 224.1.1.1), 00:04:28/00:00:00, RP 171.68.28.140, flags: SP
Incoming interface: Seriall, RPF nbr 171.68.28.140,
Outgoing interface list: Null

(171.68.37.121, 224.1.1.1), 00:04:28/00:01:32, flags: T
Incoming interface: Serial0O, RPF nbr 171.68.28.190
Outgoing interface list:

Seriall, Forward/Sparse-Dense, 00:04:28/00:01:32

Final State in B After Receivers Join
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PIM SM Registering

Source Registers First

(171.68.37.121, 224.1.1.1)
Mcast Packets 171.68.28.13

_—
Source | EO S0 S0

171.68.37.121

RP

(*, 224.1.1.1)
Mcast Traffic

(*, 224.1.1.1), 00:09:21/00:00:00, RP 171.68.28.140, flags: S
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list:
Seriall, Forward/Sparse-Dense, 00:03:14/00:02:46

(171.68.37.121, 224.1.1.1, 00:01:15/00:02:46, flags: T
Incoming interface: Serial3, RPF nbr 171.68.28.139,
Outgoing interface list:

Seriall, Forward/Sparse-Dense, 00:00:49/00:02:11

Final State in RP After Receivers Join

PIM SM Registering—

Receivers Along
the SPT
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PIM SM Registering

Receivers Along the SPT

Shared Tree
—_—

(171.68.37.121, 224.1.1.1)
Mcast Packets

1
" —
Source | %7

171.68.37.121 S0

—_— RP

\(*,2241.1.1)
Mcast Traffic

(*, 224.1.1.1), 00:04:28/00:00:00, RP 171.68.28.140, flags: SP
Incoming interface: Seriall, RPF nbr 171.68.28.140,
Outgoing interface list: Null

(171.68.37.121, 224.1.1.1), 00:04:28/00:01:32, flags: T
Incoming interface: Serial0O, RPF nbr 171.68.28.190
Outgoing interface list:

Seriall, Forward/Sparse-Dense, 00:04:28/00:01:32

Current State in B

PIM SM Registering

Receivers Along the SPT

Shared Tree
—_—

(171.68.37.121, 224.1.1.1)
Mcast Packets

I.—/ — —
—
Source |
S0

171.68.37.121

RP

\(*,2241.1.1)
Mcast Traffic

(*, 224.1.1.1), 00:09:21/00:00:00, RP 171.68.28.140, flags: S
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list:
Seriall, Forward/Sparse-Dense, 00:03:14/00:02:46

(171.68.37.121, 224.1.1.1, 00:01:15/00:02:46, flags: T
Incoming interface: Serial3, RPF nbr 171.68.28.139,
Outgoing interface list:

Seriall, Forward/Sparse-Dense, 00:00:49/00:02:11

Current State in the RP
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PIM SM Registering
Receivers Along the SPT

Shared Tree
(171.68.37.121, 224.1.1.1) —_—
Mcast Packets

=2 —_— - RP
Source | S0 S$1 S3
171.68.37.121 . 1 \
- \(*,2241.1.1)
@ 16MP Join Mcast Traffic
Revr

@ Rcvr wishes to receive group G traffic. Sends IGMP Join for G.

PIM SM Registering
Receivers Along the SPT

Shared Tree
—_—

= RP
S$1 S3 1 \\
\(*,2241.1.1)
Mcast Traffic

(*, 224.1.1.1), 00:04:28/00:00:00, RP 171.68.28.140, flags: SC
Incoming interface: Seriall, RPF nbr 171.68.28.140,

Outgoing interface list:
Ethernet0, Forward/Sparse-Dense, 00:00:30/00:02:30

(171.68.37.121, 224.1.1.1)
Mcast Packets

IP—I S —
—
Source |
S0

171.68.37.121

(171.68.37.121, 224.1.1.1), 00:04:28/00:01:32, flags: CT
Incoming interface: Serial0O, RPF nbr 171.68.28.190
Outgoing interface list:

Seriall, Forward/Sparse-Dense, 00:04:28/00:01:32
Ethernet0, Forward/Sparse-Dense, 00:00:30/00:02:30

State in B after Rcvr Joins Group

8/5/08

32



PIM SM Registering

Receivers Along the SPT

Shared Tree
—_—

(171.68.37.121, 224.1.1.1)
Mcast Packets

]
P —
Source |

171.68.37.121

(* G) Join | 224.1.1.1)
Mcast Traffic
Revr
@ B triggers a (*,G) Join to join the Shared Tree
PIM SM Registering
Receivers Along the SPT
Shared Tree
(171.68.37.121, 224.1.1.1) —

Mcast Packets

b — : ¢ ’,,J’\"RP

Source
171.68.37.121

\(*,2241.1.1)
Mcast Traffic

Revr

(*, 224.1.1.1), 00:09:21/00:00:00, RP 171.68.28.140, flags: S
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list:
Seriall, Forward/Sparse-Dense, 00:03:14/00:02:46
Serial3, Forward/Sparse-Dense, 00:00:10/00:02:50

(171.68.37.121, 224.1.1.1, 00:01:15/00:02:46, flags: T
Incoming interface: Serial3, RPF nbr 171.68.28.139,
Outgoing interface list:

Seriall, Forward/Sparse-Dense, 00:00:49/00:02:11

State in RP after B Joins Shared Tree
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PIM SM Registering
Receivers Along the SPT

Shared Tree
(171.68.37.121, 224.1.1.1)
Mcast Packets

Source %7
171.68.37.121
(*, 224.1.1.1)
Mcast Traffic

Rcvr

© Group G traffic begins to flow to Rcvr.
(Note: 171.68.37.121 traffic doesn’t flow to RP then back down to B)

PIM SM

SPT-Switchover
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PIM SM SPT-Switchover

= SPT Thresholds may be set for any Group
Access Lists may be used to specify which Groups
Default Threshold = Okbps (l.e. immediately join SPT)
Threshold = “infinity” means “never join SPT”
Don’t use values in between “0” and “infinity”
= Threshold triggers Join of Source Tree
Sends an (S,G) Join up SPT for next “S” in “G” packet received

PIM SM SPT-Switchover

To RP (10.1.5.1) 10444

-— T To Source “S;”
‘.....-ih§0 S1 ‘gE%EEE%IFEL——S____——'
2 \ 0

10.1.4.2 I | EO

10.1.2.1
S0
10.1.2.2
EO
1 (S, G) Traffic Flow
EO z === Shared (RPT) Tree
Revr A sessB* SPT Tree

Rcvr B

(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: S
Incoming interface: Serial0O, RPF nbr 10.1.5.1,
Outgoing interface list:

Seriall, Forward/Sparse-Dense, 00:01:43/00:02:11
Serial2, Forward/Sparse-Dense, 00:00:32/00:02:28

State in C Before Switch
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PIM SM SPT-Switchover

To RP (10.1.5.1
@RP (12.1351) 10.1.4.1 To Source “S;”

l | E010.1.2.1

E1 (S}, G) Traffic Flow
Shared (RPT) Tree

sess SPT Tree

(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: SC
Incoming interface: SerialO, RPF nbr 10.1.4.8,
Outgoing interface list:
Ethernet0, Forward/Sparse-Dense, 00:01:43/00:02:11

State in D Before Switch

PIM SM SPT-Switchover

To RP (10.1.5.1)
~— T

To Source “S;”

(S, G) Traffic Flow
EO — Shared (RPT) Tree
RovriA =™ *sesB SPT Tree
Revr B

(¥, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: S
Incoming interface: SerialO, RPF nbr 10.1.4.1,
Outgoing interface list:

Ethernet0, Forward/Sparse-Dense, 00:01:43/00:02:11

State in A Before Switch
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PIM SM SPT-Switchover

To RP (10.1.5.1) To Source “S.”
-— T i
%31)/ !
S0

10.1.4.2 l | Eo

10.1.2.2[

10.1.2.1

SO

EO

(S}, G) Traffic Flow

'ﬂ Shared (RPT) Tree

e
‘ \) SPT Tree
Rcvr

(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: SCJ Note “J”
Incoming interface: Ethernet0, RPF nbr 10.1.2.1, FI i
Outgoing interface list: ag is set

Ethernetl, Forward/Sparse-Dense, 00:01:43/00:02:11

State in B Before Switch

PIM SM SPT-Switchover

To RP (10.1.5.1)

To Source “S;”

(S, G) Traffic Flow
Shared (RPT) Tree

e
‘ \) SPT Tree
Rcvr

(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: SCJ
Incoming interface: Ethernet0, RPF nbr 10.1.2.1,
Outgoing interface list:

Ethernetl, Forward/Sparse-Dense, 00:01:43/00:02:11

@ New source (SG) packet arrives down Shared tree.
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PIM SM SPT-Switchover

To RP (10.1.5.1)

— T To Source “S;”
——S 0 liﬁégi%lfil_,s__————'
S0
l | E010.1.2.1
S0 [ ' )
10.1.2.2
EO

(S}, G) Traffic Flow
Shared (RPT) Tree

e
‘ \) SPT Tree
Rcvr

(*, 224.1.1.1), 00:01:43/00:00:00, RP 10.1.5.1, flags: SCJ
Incoming interface: Ethernet0, RPF nbr 10.1.2.1,
Outgoing interface list:

Ethernetl, Forward/Sparse-Dense, 00:01:43/00:02:11

(171.68.37.121, 224.1.1.1), 00:00:28/00:02:51, flags: CJ ‘—e
Incoming interface: Ethernet0, RPF nbr 10.1.2.1
Outgoing interface list:

Ethernetl, Forward/Sparse-Dense, 00:00:28/00:02:32

@ B creates (S;,G) state.

PIM SM SPT-Switchover

To RP (10.1.5.1)

— T To Source “S;”
10.1.4 280
o l | E0y5.1.214
SO0 i
1°-1-é-§[ ' @ (s;,6) Join
E1 (S, G) Traffic Flow
EO . : === Shared (RPT) Tree
RevrA — *sesB SPT Tree

Rcvr B

© B sends (S;,G) Join towards S;.
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PIM SM SPT-Switchover

To RP (10.1.5.1) 10444

— T To Source “S;”
——S 0 %y
S0

'\E°1o.1.2.1

E1 (S}, G) Traffic Flow
EO : Shared (RPT) Tree
RoviA —™— sessB> SPT Tree

Revr

(*, 224.1.1.1), 00:01:43/00:00:00, RP 10.1.5.1, flags: S
Incoming interface: SerialO, RPF nbr 10.1.4.1,
Outgoing interface list:

Ethernet0, Forward/Sparse-Dense, 00:01:43/00:02:11

(171.68.37.121, 224.1.1.1), 00:13:28/00:02:53, flags:
Incoming interface: Seriall, RPF nbr 10.1.9.2
Outgoing interface list:

Ethernet0, Forward/Sparse-Dense, 00:13:25/00:02:30

New State in A

PIM SM SPT-Switchover

To RP (10.1.5.1)

N“o S1 To Source “S;”
@ (si,6) Join
l | B0 0 1.2.1
S0 [ ' -

10.1.2.2

EO
E1 (Sj, G) Traffic Flow

E0 —— s> Shared (RPT) Tree
RevrA ™ w2553 SPT Tree

Rcvr B

@ A triggers (S;G) Join toward S;.

8/5/08

39



PIM SM SPT-Switchover

To RP (10.1.5.1)

To Source “S;”

-

SO0 e (S;G) Traffic
10.1.4.2 .
: | B0 0 1.2.1
3 10.1.2 2[ s
“Eol ¥
E1 (Sj, G) Traffic Flow
E0 il EE === Shared (RPT) Tree
Rcvr A w2553 SPT Tree

Rcvr B

@ A triggers (S;G) Join toward S;.
6 (S G) traffic begins flowing down SPT tree.

PIM SM SPT-Switchover

To RP (10.1.5.1)

To Source “S;”

(S, G) Traffic Flow
Shared (RPT) Tree

sess SPT Tree

(*, 224.1.1.1), 00:01:43/00:00:00, RP 10.1.5.1, flags: S
Incoming interface: SerialO, RPF nbr 10.1.4.1,
Outgoing interface list:

Ethernet0, Forward/Sparse-Dense, 00:01:43/00:02:11

(171.68.37.121, 224.1.1.1), 00:13:28/00:02:53, flags:T <T-“T”Flag Set

Incoming interface: Seriall, RPF nbr 10.1.9.2 byArriving
Outgoing interface list: Traffi
Ethernet0, Forward/Sparse-Dense, 00:13:25/00:02:30 ratfic on

SPT
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PIM SM SPT-Switchover

To RP (10.1.5.1)

10.1.41  @)(S;G)RP-bit Prune To Source “S;”
S1 \ S1

(S}, G) Traffic Flow
=== Shared (RPT) Tree

sessB> SPT Tree

(*, 224.1.1.1), 00:01:43/00:00:00, RP 10.1.5.1, flags: S
Incoming interface: Serial0O, RPF nbr 10.1.4.1,

Outgoing interface list: \

Ethernet0, Forward/Sparse-Dense, 00:01:43/00:02:11

Note RPF Info
™~ Does Not Match.

+— This Indicates

(171.68.37.121, 224.1.1.1), 00:13:28/00:02:53, W SPT and RPT
Incoming interface: Seriall, RPF nbr 10.1.9.2 Dive?;e.

Outgoing interface list:
Ethernet0, Forward/Sparse-Dense, 00:13:25/00:02:30

@ Once “T” flag is set, A triggers (S;G)RP-bit Prunes toward RP.

PIM SM SPT-Switchover

To RP (10.1.5.1)

To Source “S;”

|E0

10.1.2.1

S0
10.1.4.2 .

S0 10122[
\d

E1 (S,, G) Traffic Flow
E0 oonopes = Shared (RPT) Tree
Recvr A ss253> SPT Tree

(*, 224.1.1.1), 00:01:43/00:00:00, RP 10.1.5.1, flags:
Incoming interface SerialO, RPF nbr 10.1.5. l
Outgoing interface list:

Seriall, Forward/Sparse-Dense, 00:01:43/00:02:11
Serial2, Forward/Sparse-Dense, 00:00:32/00:02:28

(171.68.37.121, 224.1.1.1), 00:13:28/00:02:53, flags: R
Incoming interface: SerialO, RPF nbr 10.1.5.1
Outgoing interface list:

Serial2, Forward/Sparse-Dense, 00:00:32/00:02:28

State in C After Receiving the (S;, G) RP-bit Prune

8/5/08

41



PIM SM SPT-Switchover

To RP (10.1.5.1)

=T To Source “S;”
No S1
‘-.-l"‘
l B0 0 1.2.1

E1 (Sj, G) Traffic Flow
EO L ID % —_— Shared (RPT) Tree

RevrA w2553 SPT Tree

Rcvr B

@ Unnecessary (S; G) traffic is pruned from the Shared tree.

PIM SM SPT-Switchover

To RP (10.1.5.1)

= To Source “S;”
No s1
e " ses®
: | E0y5.1.24
3 10.1.2 2[ s
“Eol ¥
E1 (Sj, G) Traffic Flow
EO L ID —_— Shared (RPT) Tree
RevrA w2553 SPT Tree

Rcvr B
@ Unnecessary (S; G) traffic is pruned from the Shared tree.
(8] (S;, G) traffic still flows via other branches of the Shared tree.
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