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ASM
• Allows SPTs and RPTs
• RP:

– Matches senders with receivers
– Provides network source discovery

• Typical ly uses RPT to bootst rap SPT
• RPs can be learned via:

– Stat ic configurat ion – recommended
– Anycast -RP – recommended 
– Auto-RP (PIM-SM v1 &  v2) – not  recommended
– Bootst rap Router  (PIM-SM v2) – not  recommended
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ASM: the or iginal mult icast  service model
• From RFC 1112 :

– Packet  t ransmission is based on UDP, so packet  del ivery is 
“best-effor t ”, with no loss detect ion or  ret ransmission

– A source can send mult icast  packets at  any t ime, with no need to 
register  or  schedule t ransmissions.

– Sources do not  know the group membership. A group may have 
many sources and many members.

– Group members may come and go at  wi l l , with no need to 
coordinate with a central author i ty.

– And, cr i t ical ly, group members know only the group. They don’t  
need to know anything about  sources — not  even whether  or  not  
any sources exist .

• This is the ASM paradigm. I t  requires sender 
registration and tree-swi tching, which make it  much 
more complex than SSM.
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Designated Router  (DR)

• DR sends 
– “Join/Prune” messages toward the RP from receiver network
– “Register ” messages toward the RP from source network

• Select ing the DR:
– Neighbor ing PIM-SM routers mult icast  per iodic “Hel lo” 

messages to each other (default  is every 30 seconds; the hel lo-
interval is tunable for  faster  convergence).

– On receipt  of a Hel lo message, a router  stores the IP address 
and pr ior i t y for  that  neighbor .

– The router  with highest  IP address is selected as the DR, i f the 
pr ior i t ies match.

• When DR goes down, a new one is selected by scanning al l  
neighbors on the inter face and choosing the one with the highest  
IP address.
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I nt ra-domain ASM
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How can PIM do both 
SPTs and RPTs ?

• PIM-SM includes a mechanism for  swi tching 
from an RPT to an SPT.
– General ly, this is configured to happen 

immediately, i .e., at  most  one packet  flows 
down the RPT.

– This means that  the placement  of the RP and 
the speed of the l inks to i t  are not  so 
important .

• This gets pret ty complicated!
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How Tree-Switching Works

1) Source sends data to i ts First  Hop Router .
2) First  Hop Router  encapsulates it  and unicasts i t  

to the RP in a Register  message.
3) I f the RP has receivers that  belong to the group, 

i t  sends the data down the RPT.
1. Receivers may join before or  after  the source 

star ts.
2. Receivers join just  the group (i.e., a (* ,G) Join).

4) The RP issues a (S,G) Join towards the source, S, 
in order  to receive the data through mult icast .
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Tree-Switching (cont inued)
1) The routers in the path learn about  the 

par t icular  S from the t raffic down the RPT.

2) The receiver ’s first  hop router  issues a (S,G) 
Join toward the source. 

3) This t ravels hop by hop towards the source unt i l  
i t  finds a router  with (S,G) state — maybe at  
the source, maybe closer .

4) The (S,G) data star ts flowing direct ly from the 
source to the receiver .
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Tree-Switching (cont inued)
1) Some router  is receiving two copies of the data, 

from the SPT and the RPT. 

2) This router  drops the data from the RPT, and 
issues an (S,G) Prune message toward the RP.

3) This t ravels hop by hop toward the RP, 
pruning the state, unt i l  i t  reaches a router  that  
needs the (S,G) data for  some other receiver .
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RP Opt ions
• Stat ic RP

– Recommended
– Easy t ransit ion to Anycast -RP
– Allows for  a hierarchy of RPs

• Auto-RP (Cisco propr ietary)
– Fixed convergence t imers (slow)
– Must  flood RP mapping t raffic

• bootst rap router
– No longer  in the PIM spec.
– Fixed convergence t imers (slow)
– Allows for  a hierarchy of RPs
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RP Opt ions
• In most cases, stat ic RP is the best  opt ion:

– simple: just  tel l  every router  the RP address (once!)
– flexible: use a /32 on a loopback inter face so i t  can be 

moved
– scalable: add more instances of same RP address for  

redundancy, load spl i t t ing, topological  local izat ion, 
etc.

– survivable: fai l-over  from one RP to another  is as 
fast  as IGP convergence

– blessed: RFC 3446 (just  8 pages!)
• Only use more compl icated opt ions i f you real ly need to:

– different  RP(s) for  different  groups
– see later  Anycast -RP sl ides for  detai ls
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Commonly-Used
Cisco Mult icast  Forwarding

State Flags
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S – Sparse Mode Flag

• The S flag indicates that  the mult icast  group is 
a sparse mode group.

• Appears only on (* ,G) entr ies
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D – Dense Mode Flag

• The D flag indicates that  the mult icast  group is 
a dense mode group.

• Appears only on (* ,G) entr ies



Engineering Workshops

24

F – Register  flag

• F flag means that  Register  messages are being 
sent  to the Rendezvous Point  (RP)

• Set  on Designated Router (DR) state for  each 
(S,G)

• Also set  on the parent  (* ,G) state i f any child 
(S,G) state ent ry has the F flag set .
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J – Join SPT flag on (* ,G)

• Appears on (* ,G) ent r ies when the C flag is set  
(there’s a local ly connected receiver). 

• Set  when t raffic rate on the RP Tree exceeds 
the SPT-Threshold.

• When set , the next  packet  down the (* ,G) RP 
Tree wi l l  create separate (S,G) state.  (SPT-
cutover)
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J – Join SPT flag on (S,G)

• (S,G) created by SPT-cutover .
• PIM checks the rate every minute to decide 

whether  there’s enough t raffic to just i fy 
maintenance of the (S,G) state.
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T – SPT Flag

• The T flag (or  SPT) flag indicates that  t raffic is 
being forwarded via the (S,G) entr ies.  That  is, 
on shor test  path t ree.

• Appears only on (S,G) entr ies
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R – RP-bi t  flag

• Shows up on (S,G) entr ies only
• The (S,G) entry’s RPF is towards the RP

(not  towards S)
• The outgoing inter face l ist  is often Null , or  a 

subset  of the outgoing inter face l ist  on the (* ,G) 
parent  entry

• Used to prune (S,G) t raffic from the RP t ree 
when downstream routers have joined the SPT 
instead
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C – Connected Flag

• The C flag indicates that  there’s a direct ly 
connected receiver .

• Shows up on (* ,G) state from IGMPv2 Host  
Membership repor ts.

• Shows up on (S,G) state from IGMPv3 Host  
Membership repor ts (without  INCLUDE l ists).
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P – Pruned Flag

• The P flag indicates that  ei ther :

(1) the outgoing inter face l ist  is Nul l
-or -

(2) al l  inter faces in the outgoing inter face l ist  
are in the Prune state

• The P flag results in a Prune being sent  to the 
upstream neighbor  for  this (S,G) entry.
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A – Adver t ised via MSDP

• Shows up on (S,G) entr ies at  the Rendezvous 
Point  (RP)

• Indicates that  Register  messages are being 
received, and conver ted by the RP into MSDP 
Source Act ive messages for  t ransmission to 
peers.
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M – MSDP Created Entry

• Shows up on (S,G) entr ies at  the Rendezvous 
Point  (RP)

• Indicates that  the (S,G) ent ry was created 
when an MSDP Source Act ive message was 
received on a group for  which there is “group 
interest ”.

• Group Interest : a (* ,G) entry exists, created 
ei ther  by local IGMP or  PIM (* ,G) joins.
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L  – Local Flag

• The L flag indicates that  the router  i tsel f is a 
member  of the group.

• The router  wil l  process the t raffic at  the route 
processor .

• Example: PIM RP-Discovery (224.0.1.40)
• Enabling "ip sdr  l isten" wi l l  cause this flag to 

be seen
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s – SSM Group Flag

• Shows up on (* ,G) entr ies for  SSM groups
• Incoming and Outgoing Inter faces are Nul l
• SSM group (* ,G) parent  ent r ies exist  only for  

internal data st ructure purposes
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Less-Commonly-Used
Cisco Mult icast  Forwarding

State Flags
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U – URD

• Shows up on (S,G) entr ies created by the Cisco-
Propr ietary URL Redirect  protocol (URD)

• URD provides SSM semant ics on 
networks/hosts that  don’t  support  IGMPv3 
nat ively.

• Host  sends special HTTP request  towards the 
last -hop router  on TCP por t  659, which 
specifies the source and group address.

• Router  intercepts that  HTTP request  and 
creates this (S,G) state.
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X – Proxy-Join Timer

• Shows up on (S,G) entr ies when a router  
becomes the “Turnaround Router”

• Deals with si tuat ions l ike “RP On A St ick”
• State t imes out  i f not  refreshed
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I  – Source Specific Host  Repor t

• The I  flag indicates that  the di rect ly connected 
receiver  indicated that  i t  wants t raffic from a 
specific source on the specific group.

• Shows up on (S,G) state created by IGMPv3 
Host  Membership repor ts (with INCLUDE 
lists).
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B – Bi-Dir  Mode Flag

• The B flag indicates that  the mult icast  group is 
a bi-di rect ional group.

• New PIM mode; hardware suppor t  is st i l l  
l imited.

• draft -iet f-pim-bidir -xx.txt ; no current  draft , 
but  -06 was the last .

• Bidirect ional  RPT
• Intended for  apps with many sources, but  

operat ing within a single PI M domain
• Appears only on (* ,G) entr ies
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Lab 3: I nt ra-domain ASM


