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IP Multicast
Overview on what we need to know !
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A g e n d a

• Multicast Addressing
• I G MP
• Multicast D istrib utio n T rees
• P I M Mo des
• Any cast R P
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IP Multicast A d d r e ssin g
• Multicast Group Concept

Multicast Group == arbitrary group of receivers
- r e c e i v e r s  = =  h o s t  w i t h  i n t e r e s t  i n  r e c e i v i n g  m u l t i c a s t  d a t a  s t r e a m

H osts sign al in terest to “j oin ” a m ulticast group w ith  I GMP
- r e c e i v e r s  j o i n  o r  l e a v e  a  g r o u p  d y n a m i c a l l y  

• I P  Multicast Addresses = =  I P  class D  address
1 1 1 0 . . … … . .

239.0.0.0 – 239.255.255.255L i m i t e d  Sc o p e d  Ad d r e s s e s

232.0.0.0 / 8
233.0.0.0 / 8

- So u r c e  Sp e c i f i c  M Ca s t
- G L O P  a d d r e s s

224.0.1.0  - 238.255.255.255G lo b a lly  Sc o p e d  Ad d r e s s e s
224.0.0.0 / 24L i n k  L o c a l Ad d r e s s  ( r e s e r v e d )
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L ay e r -2  Multicast A d d r e ssin g
• W h y is it n eed ed  ?
• I m plem en tation  d epen d in g on  d ifferen t layer-2 protocols
T ok en  R in g
a l l  m c a s t g r o u p s  m a p  i n t o  a l l  1 ’s  b r o a d c a s t  o r  i n  s i n g l e  f u n c t i o n a l  m c a s t a d d r e s s   
R P R
a  s i n g l e  b i t  i n  t h e  f r a m e  d i s t i n g u i s h s m u l t i / b r o a d c a s t  f r o m  u n i c a s t
E th ern et /  F D D I
Incomplete mapping

3 2 bits
1  1  1  0 28  bits ->  d eterm in e group

0 1 -0 0 -5 e -… 23  bits ->  d eterm in e group
4 8  bits

Av o i d  
Du p li c a t e  ! !
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E th e r n e t/ F D D I Mcast A d d r e ss

2 2 4 . 1 . 1 . 1
2 2 4 . 1 2 9 . 1 . 1
2 2 5 . 1 . 1 . 1
2 2 5 . 1 2 9 . 1 . 1
:
:
:
2 3 9 . 1 . 1 . 1
2 3 9 . 1 2 9 . 1 . 1

0 1 -0 0 -5 e -0 1 -0 1 -0 1

2 ( 3 2)  I P  m ulticast ad d resses
Map in to th e sam e layer-2 m cast
5
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A g e n d a

• Multicast Addressing
• I G MP
• Multicast D istrib utio n T rees
• P I M Mo des
• Any cast R P
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IGMP
In t e r n e t  Gr o u p  Ma n a g e m e n t  Pr o t o c o l

• I G M P  v e r s i o n  1,  2 a n d  3

I G M P  v 1 

Membership query
Membership repo rt

I G M P  v 2

Membership Q uery
V ersio n 1 Membership R epo rt
V ersio n 2 membership R epo rt
L ea v e G ro up Messa g e

I G M P v 3 S o urc e S pec if ic  J o i n s

ver t y p e u n u s ed c h ec k s u m
G ro u p  A d d res s

V er/ t y p e M a x  res p o n s e T i m e c h ec k s u m
G ro u p  A d d res s
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Multicast in  L ay e r -2  sw itch in g  e n v ir o n m e n t

Problem:
M c a s t rou t er s ees  L A N  – s en d s  mc a s t t o L A N

� B oth  h ost g et m cast traf f ic – only  one w ants it

Solu t i on :
I GM P s n oop i n g  

( i n t e lli g e n t  s w i t c h s i n t e r c e p t s  I G M P )

C GM P
( ro ut er sw it c h c o o pera t i o n  pro t o c o l ,  w here ro ut er in st ruc t s sw it c h t o  
o pen / c l o se spec if ic  po rt s)

H o st -1s w i t c h
H o st -2
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A g e n d a

• Multicast Addressing
• I G MP
• Multicast D istrib utio n T rees / /  R P F
• P I M Mo des
• Any cast R P
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Multicast D istr ib utio n  T r e e s
Sou rc e T rees

• B uilds optim al distribution 
tree on sh ortest path  f rom  
source to ev ery  receiv er.

• E v ery  R outer h as source,  
g roup specif ic f orw arding  
entries (S, G)

� 1 0 0  sources on e group 
m ean s 1 0 0  S, G states

S en d er

R ec eiv er-2R ec eiv er-1
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Multicast D istr ib utio n  T r e e s
Sh a red  T rees

• Mig h t build sub-optim al trees 
• L ess f orw arding  state 
consum ed 

� ( R P , G)  versus ( S, G)
� 1 0 0  sources on e group 
m ean s 1  R P , G states

S en d er 1

R ec eiv er-2R ec eiv er-1

R en d ez V o us
P o i n t

S en d er 2

Sh ared
T ree
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Multicast F o r w ar d in g  /  

• R ev ers e Pa t h  F orw a rd i n g

“lea rn  t o s t a n d  on  y ou r h ea d ”

T h e source not j ust th e 
destination becom es crucial f or 

th e f orw arding  decision
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Multicast F o r w ar d in g  D e cisio n  / /  R PF
• W h en a m ulticast pack et arriv es a router perf orm s a R P F  
ch eck . 
I f  th e pack et arriv es on th e correct R P F  interf ace

� P ack et is forw ard ed  to all n eigh borin g m cast routers
� P ack et is forw ard ed  to L A N s w ith  R eceivers

I f  th e pack et does N O T  arriv e on R P F  interf ace 
�th e pack et is forw ard ed ,  oth erw ise it is d ropped

S en d er 1

R ec eiv er-2R ec eiv er-1

N o
R ec eiv er D ef inition:  

R P F  interf ace is th e interf ace,  
“closest” to th e source.
= =
T h e R P F  interf ace is th e interf ace 
to w h ich  th e route to th e source 
points 
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R PF  – Multicast R o utin g

• W h ich  routes are used f or th e R P F  ?
1 . C an  be a specific m ulticast R outin g P rotocol

D V MR P ,  m B GP
U seful if U n icast an d  Multicast is to be k ept apart 

~  ex am ple MB O N E  as a subset of th e in tern et
2. C an  be th e n orm al un icast R outin g P rotocols

P I M ( P rotocol I n d epen d en t Multicast)  uses th e U n icast
R outin g T able � P I M is based  on  un icast routin g

3 . P I M uses d istan ce preferred  route look up across tables
D istan ce prefered look up com es in to play,  w h en  th ere is 
routin g in form ation  besid es un icast routes 
( i.e. static m route,  m B GP ,  D V MR P )  
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A g e n d a

• Multicast Addressing
• I G MP
• Multicast D istrib utio n T rees
• P I M Mo des
• Any cast R P
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PIM – D if f e r e n t O p e r atin g  Mo d e s
P I M is alw ays a soft-state protocol
�St a t e s  t i m e  o u t  a f t e r  a  w h i le ,  n e e d  t o  b e  r e f r e s h e d  �c o n s i d e r a b le  s t a t e  m a i n t e n a n c e

• P I M D en se Mod e
Mul t ic a st  T rees a re buil t  d a t a -d riv en
E a sy t o  st a rt  w it h,  but  n o t  sc a l i n g .  S ho ul d  N E V E R  be used  in  pro d uc t i o n  n et w o rk s

• P I M Sparse Mod e
Mul t ic a st  t rees,  buil t  c o n t ro l -d riv en  a n d  in d epen d en t  o f  a c t ua l  t ra f f ic
R P  n eed ed  so  t ha t  rec eiv ers c a n  “meet ” so urc es.
A c t ua l  d a t a  t ra f f ic  c a n  f l o w  o n  t he sho rt est  pa t h
S c a l a bl e a s st a t e is o n l y buil t  a l o n g  a c t ua l  d ist ribut io n  t rees

• P I M Sparse-D en se Mod e
A l l  g ro ups w it ho ut  R P  ( R en d ez V o us P o i n t )  a re ha n d l ed  a s D en se

• P I M Source Specific Multicast
I f  S o urc es a re k n o w n  bef o reha n d ,  n o  n eed f o r a  R P .
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PIM D e n se  Mo d e

S en d er 1

N o -R ec eiv erR ec eiv er-1

N o -R ec eiv er

F lo o d  &  Pr un e

E v ery  rou t er rec ei v es
a n d  f lood s  t h e mu lt i c a s t  t o 
ev ery  ot h er rou t er t ow a rd s  ev ery  
L A N  s eg men t .
I f  t h ere i s  n o i n t eres t  t h e la s t -h op  
rou t er s i g n a ls  t h i s  u p s t rea m t o 
“p ru n e” t h e mu lt i c a s t  t ree

Pr o b le m :
E v ery  rou t er n ow  h a s
M u lt i c a s t  s t a t e f or 
ev ery  Grou p  ! ! !

( S, G )  I I F – s 0
O I F =  N U L L
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PIM S p ar se  Mo d e

S en d er 1

N o -R ec eiv erR ec eiv er-1

N o -R ec eiv er

C o n tr o l D r iv e n

O n ly  R ou t er a lon g  t h e p a t h  
f rom Sou rc e t o R P or 
f rom R P t o R ec ei v er
w i ll c rea t e ( S, G)  or ( R P, G)  s t a t e 

Pr o b le m :
T ra f f i c  n ot  on  op t i ma l
= =  s h ort es t  p a t h  f rom 
Sou rc e t o rec ei v er

( R P , G )  I I F – N U L L
O I F =  S1

R P

( R P , G )  I I F – S0
O I F =  S1
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PIM S p ar se  Mo d e  co n t.

S en d er 1

N o -R ec eiv erR ec eiv er-1

N o -R ec eiv er

S PT  S w itch  O v e r

O n c e la s t  H op  R ou t er rec ei v es  t ra f f i c
� K n ow s  t h e s ou rc e i n i t i a t es  d i rec t
JO I N  t o t h e Sou rc e
O n c e i t  rec ei v es  t h e t ra f f i c  on  t h e 
s h ort es t  p a t h  t ree t h e R P t ree i s  
“p ru n ed ”

N O  Pr o b le m :
☺

R P
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A g e n d a

• Multicast Addressing
• I G MP
• Multicast D istrib utio n T rees
• P I M Mo des
• R P  R edundancy  / /  Any cast R P
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PIM S p a r s e  Mo d e
-- R P R e d u n d a n c y

• D if f erent Meth ods av ailable
� A uto R P  
� P I M B ootsrap R outer
� A n ycast R P  S en d er 1

N o -R ec eiv erR ec eiv er-1

R ec eiv er-2

R P
L o  1. 1. 1. 1

R P  1
L o  1. 1. 1. 1

MS D P  P eer

A n y c a s t R P
L ast H op R outer
J oin s “closest R P
R P s com m un icate via
MSD P  as soon  as source
becom es active
L ast H op R outer receives traffic first via “closest” R P  
an d  th en  J O I N s th e source d irectly  to sw itch es to th e SP T
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A n y  q ue stio n s ?

Page  2 3© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .

Deeper Dive Review of
M u l t ic a s t  F u n d a m en t a l s
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A g enda

• Multicast Addressing
• I nternet Group Manag em ent P rocotol (I GMP )
• Multicast F orw arding
• P I M-D ense Mode (D M)
• P I M-Sparse Mode (SM)
• P I M-Source Specif ic Mode (SSM)
• P I M-B idirectional (B I D I R )

S2
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• IP Multicast Group Addresses
2 2 4 . 0 . 0 . 0  – 2 3 9 . 2 5 5 . 2 5 5 . 2 5 5
C lass “D” Address S pace

H ig h  order b its of  1 st O ctet =  “1 1 1 0 ”
• R eserv ed L in k -local Addresses

2 2 4 . 0 . 0 . 0  – 2 2 4 . 0 . 0 . 2 5 5
T ran sm itted w ith  T T L  =  1
E x am ples:

2 2 4 . 0 . 0 . 1 All sy stem s on  th is sub n et
2 2 4 . 0 . 0 . 2 All routers on  th is sub n et
2 2 4 . 0 . 0 . 4 DV MR P routers
2 2 4 . 0 . 0 . 5 O S PF  routers
2 2 4 . 0 . 0 . 1 3 PIMv 2  R outers
2 2 4 . 0 . 0 . 2 2   IGMPv 3

Multicast A d d r e ssin g  
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• Administratively Scoped Addresses
2 3 9 . 0 . 0 . 0  – 2 3 9 . 2 5 5 . 2 5 5 . 2 5 5
P rivate address space

Similar to R F C 1 9 1 8  u nicast addresses
N ot u sed f or g lob al I nternet traf f ic
U sed to limit “scope” of  mu lticast traf f ic
Same addresses may b e in u se at dif f erent locations 
f or dif f erent mu lticast sessions

Multicast A d d r e ssin g  
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I N T E R N E T
CO MP AN Y

R E GI O N
S I T E

239.192/16
S I T E

239.192/16

S I T E
239.192/16

23 9 . 19 3 / 16

23 9 . 19 4 / 16
224 . 0 . 1. 0  - 23 8 . 25 5 . 25 5 . 25 5

IP Multicast A d d r e ss S co p in g
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H o w  a r e  Mu l t i c a s t  A d d r e s s e s  A s s i g n e d  ?

• D ynamic Address Assig nment
– Se s s i o n  Di r e c t o r y  T o o l ( SDR )  

H i s t o r i c a lly  u s e d  t o  a n n o u n c e  s e s s i o n / g r o u p  i n f o r m a t i o n  o n  a  w e ll-k n o w n  
m u lt i c a s t  g r o u p

H a s  s c a li n g  p r o b l e m s
– O th er proposed  m eth od s ( MA D C A P )   …. 
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H o w  ar e  Multicast A d d r e sse s A ssig n e d  ?  (contd.)
• Static G lob al G rou p Address Assig nment

T em porary m eth od  to m eet im m ed iate n eed s
Group ran ge:  23 3 .0 .0 .0  – 23 3 .255.255.255

Y our A S n um ber is in serted  in  m id d le tw o octets
R em ain in g low -ord er octet used  for group assign m en t
E x am ple:  H ex ad ecim al value of A S# 56 6 2 is 1 6 1 E . 1 6  h ex  is 22 d ecim al an d  1 E  
h ex  is 3 0  d ecim al. 23 3 .22.3 0 .0 / 24 .

D efin ed  in  R F C  27 7 0
“GL O P  A d d ressin g in  23 3 / 8 ”
h ttp: / / w w w .ogig.n et/ glop/ w ill figure it out for you.

• M anu al Address Allocation b y th e Admin ! !
I s still th e m ost com m on  practice in  E n terprises
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A g enda

• Multicast Addressing
• I nternet Group Manag em ent P rotocol (I GMP )
• Multicast F orw arding
• P I M-Sparse Mode (SM)
• P I M-Source Specif ic Mode (SSM)
• P I M-B idirectional (B I D I R )

S2
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H o st-R o ute r  S ig n alin g : IG MP
• How hosts tell routers about group membership
• R outers solic it group membership f rom d irec tly  c on n ec ted  hosts

• R F C  1 1 1 2  spec if ies v ersion  1  of  I G M P
Supported  on  W in d ow s 9 5

• R F C  2 2 3 6  spec if ies v ersion  2  of  I G M P
Supported  on  latest service pack  for W in d ow s an d  m ost U N I X  system s

• R F C  3 3 7 6  specif ies v ersion  3  of  I G M P
W in d ow s X P ,  F reeB SD ,  L in ux  h ave it.
ftp: / / ftpen g.cisco.com / ipm ulticast/ ssm / in d ex .h tm l# Stack s
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H 3

• Host sends IGMP Report to join group

H 32 2 4 .1.1.1

R eport

H 1 H 2

Joining a Group
H o st-R o ute r  S ig n alin g : IG MP
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• R ou ter sends periodic Q u eries to 2 2 4 . 0 . 0 . 1

Q uery

•One member per group per subnet reports

2 2 4 .1.1.1

R eport

•Oth er members suppress reports

2 2 4 .1.1.1

Suppressed
X

2 2 4 .1.1.1

Suppressed
X

H 1 H 2 H 3

M aint aining a Group
H o st-R o ute r  S ig n alin g : IG MP
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• H ost q ui etl y  l ea v es group

H 1 H 3H 3 # 1# 1

• R outer send s 3  G enera l  Q ueri es ( 6 0  sec s a pa rt)

General Q uery

# 2# 2

• N o I G M P  R eport f or th e group i s rec ei v ed
• G roup ti mes out ( W orst c a se d el a y  ~ =  3  mi nutes)

H 2

L e av ing a Group ( I GM P v 1 )
H o st-R o ute r  S ig n alin g : IG MP
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• H ost send s L ea v e messa ge to 2 2 4 . 0 . 0 . 2

H 1 H 3H 3

L eav e to
2 2 4 .0 .0 .2

2 2 4 .1.1.1

# 1# 1

• R outer send s G roup spec i f i c  q uery  to 2 2 4 . 1 . 1 . 1

Group Specif ic
Q uery  to 2 2 4 .1.1.1
# 2# 2

• N o I G M P  R eport i s rec ei v ed  w i th i n ~ 3  sec ond s
• G roup 2 2 4 . 1 . 1 . 1  ti mes out

H 2

L e av ing a Group ( I GM P v 2 )
H o st-R o ute r  S ig n alin g : IG MP
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H o st-R o ute r  S ig n alin g : IG MPv 3

• A d d s  I n c lu d e/ E x c lu d e Sou rc e L i s t s
E nables h osts to listen only  to a specif ied
subset of  th e h osts sending  to th e g roup

R eq uires new  ‘I P MulticastL isten’ AP I
N ew  I GMP v 3  stack  req uired in th e O / S.

Apps m ust be rew ritten to use I GMP v 3  I nclude/ E x clude 
f eatures
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H o st-R o ute r  S ig n alin g : IG MPv 3

• N ew  Mem bersh ip R eport ad d ress
224 .0 .0 .22 ( I GMP v3  R outers)

A ll I GMP v3  H osts sen d  reports to th is ad d ress
I n stead  of th e target group ad d ress as in  I GMP v1 / v2

A ll I GMP v3  R outers listen  to th is ad d ress
H osts d o n ot listen  or respon d  to th is ad d ress

N o R eport Suppression
A ll H osts on  w ire respon d  to Q ueries

H ost’s com plete I GMP  state sen t in  sin gle respon se
R espon se I n terval m ay be tun ed  over broad  ran ge

U seful w h en  large n um bers of h osts resid e on  subn et
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H 2

IG MPv 3 —J o in in g  sp e cif ic S o ur ce ( s)

• I G M P v 3  R eport c on tain s d esired  sourc e( s)  in  the I n c lud e list.

H 2

1.1.1.1

H 1 H 3
1.1.1.10 1.1.1.11 1.1.1.12

rtr-a

G r o u p :  224.1.1.1
I n c l u d e :  10.0.0.1

v 3 R e p o r t
( 224.0.0.22)

• O n ly  “I n c lud ed ” sourc e( s)  are j oin ed .
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IG MPv 3 —Main tain in g  S tate

• R outer sen d s period ic  q ueries

Q uery1.1.1.1

1.1.1.10 1.1.1.11 1.1.1.12

• A ll I GM Pv 3  members  res p on d
– R ep ort s  c on t a i n  mu lt i p le Grou p  s t a t e rec ord s

H 1 H 2 H 3

v 3 R e p o r t
( 224.0.0.22)

v 3 R e p o r t
( 224.0.0.22)

v 3 R e p o r t
( 224.0.0.22)
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A g enda

• Multicast Addressing
• I nternet Group Manag em ent P rotocol (I GMP )
• Multicast F orw arding
• P I M-Sparse Mode (SM)
• P I M-Source Specif ic Mode (SSM)
• P I M-B idirection (B I D I R )

S2
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S hortes t P ath or S ou rc e D is trib u tion T ree

R e c e i v e r  1

B

E

A D F

Source 1
N otation :   ( S,  G)

S = Source
G = Group

C

R e c e i v e r  2

Source 2

Multicast D istr ib utio n  T r e e s
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R e c e i v e r  1

B

E

A D F

Source 1
N otation :   ( S,  G)

S = Source
G = Group

C

R e c e i v e r  2

Source 2

Multicast D istr ib utio n  T r e e s
S hortes t P ath or S ou rc e D is trib u tion T ree
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Multicast D istr ib utio n  T r e e s
S hared D is trib u tion T ree

R e c e i v e r  1

B

E

A D F

N otation :   ( * ,  G)
*   = A ll Sources
G = Group

C

R e c e i v e r  2

( R P )     P I M  R e n d e z v o u s  P o i n t
Sh a r e d  T r e e

( R P )
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Multicast D istr ib utio n  T r e e s
S hared D is trib u tion T ree

R e c e i v e r  1

B

E

A F

Source 1 N otation :   ( * ,  G)
*   = A ll Sources
G = Group

C

R e c e i v e r  2

Source 2

( R P )     P I M  R e n d e z v o u s  P o i n t
Sh a r e d  T r e e
So u r c e  T r e e

D ( R P )
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Multicast D istr ib utio n  T r e e s

• Source or Sh ortest P ath  trees
U ses m ore m em ory O ( S x  G)  but you get optim al path s from  source 
to all receivers;  m in im iz es d elay

• Sh ared trees
U ses less m em ory O ( G)  but you m ay get sub-optim al path s from  
source to all receivers;  m ay in trod uce ex tra d elay

C h arac t e ris t ic sC h arac t e ris t ic s of  D is t rib ut ion T re e s
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Multicast F o r w ar d in g

• M u lt i c a s t  R ou t i n g  i s  ba c k w a rd s  f rom U n i c a s t  R ou t i n g

U nicast R outing  is concerned about w h ere th e pack et is g oing .
Multicast R outing  is concerned about w h ere th e pack et cam e f rom .

• M u lt i c a s t  R ou t i n g  u s es  “R ev ers e Pa t h  F orw a rd i n g ”

474747© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

Multicast F o r w ar d in g

•• W h a t i s R P F ?W h a t i s R P F ?
A router f orw ards a m ulticast datag ram  only  if  receiv ed on 
th e up stream  interf ace to th e source (i.e. it f ollow s th e 
distribution tree) .

•• T h e R P F  C h ec kT h e R P F  C h ec k
• T h e routing  table used f or m ulticasting  is ch eck ed ag ainst
th e “source” I P  address in th e pack et.

• I f  th e datag ram  arriv ed on th e interf ace specif ied in th e
routing  table f or th e source address; th en th e R P F  ch eck
succeeds.

• O th erw ise,  th e R P F  Ch eck  f ails.

R e v e rs e  P at h  F orw ard ing ( R P F )

484848© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

Multicast F o r w ar d in g

So u r c e
151.10.3.21

Example: R P F  C h ec k i n gR P F  C h ec k i n g

M c a s t P a c k e t s

R P F Ch e c k  Fa i lsR P F Ch e c k  Fa i ls
P a c k e t  a r r i v e d  o n  w r o n g  i n t e r f a c e !P a c k e t  a r r i v e d  o n  w r o n g  i n t e r f a c e !
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Multicast F o r w ar d in g

R P F  Ch eck  F ails!
U n i c a s t  R o u t e  T a b l eU n i c a s t  R o u t e  T a b l e

N e t w o r kN e t w o r k I n t e r f a c eI n t e r f a c e
151.10.0.0/ 16151.10.0.0/ 16 S1S1
198.14.32.0/ 24198.14.32.0/ 24 S0S0
204.1.16.0/ 24204.1.16.0/ 24 E0E0

A  c lo s er  lo o k : R P F  C h ec k  F ai lsR P F  C h ec k  F ai ls

P ack et Arriv ed on W rong  I nterf ace!

E0
S1

S0

S2

Multicast P ack et f rom
Source 15 1.10 .3 .2 1

X

D iscard P ack et!
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Multicast F o r w ar d in g
A  c lo s er  lo o k : R P F  C h ec k  S u c c eed sR P F  C h ec k  S u c c eed s

R P F  Ch eck  Succeeds! E0
S1

S0

S2

Multicast P ack et f rom
Source 15 1.10 .3 .2 1

F orw ard out all outg oing  interf aces.
(i. e. dow n th e distribution tree)

U n i c a s t  R o u t e  T a b l eU n i c a s t  R o u t e  T a b l e
N e t w o r kN e t w o r k I n t e r f a c eI n t e r f a c e
151.10.0.0/ 16151.10.0.0/ 16 S1S1
198.14.32.0/ 24198.14.32.0/ 24 S0S0
204.1.16.0/ 24204.1.16.0/ 24 E0E0

P ack et Arriv ed on Correct I nterf ace!
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Multicast F o r w ar d in g

Go _ R a i d e r s # s h o w i p r p f 1 5 1 . 1 0 . 3 . 2 1  
R PF  i n f o r m a t i o n  f o r  ?  (1 5 1 . 1 0 . 3 . 2 1 )  
R PF  i n t e r f a c e :  S e r i a l 1  
R PF  n e i g h b o r :  ?  (1 9 2 . 1 0 . 2 . 1 )  
R PF  r o u t e / m a s k :  1 5 1 . 1 0 . 0 . 0 / 1 6  
R PF  t y p e :  u n i c a s t (e i g r p 1 )  
R PF  r e c u r s i o n  c o u n t :  0  
D o i n g  d i s t a n c e -p r e f e r r e d  l o o k u p s  a c r o s s  t a b l e s  



Copyright © 2 0 0 3 ,  Cis c o S ys te m s ,  I n c .  A l l  rights  re s e rv e d .  P rin te d  in  U S A .
P re s e n ta tion _ I D . s c r

525252© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

Multicast F o r w ar d in g
Beat _Buc’ s> show i p mr out e
I P Mul t i cast  Rout i ng Tabl e
Fl ags:  D - Dense,  S - Spar se,  C - Connect ed,  L - Local ,  P - Pr uned

R - RP- bi t  set ,  F - Regi st er  f l ag,  T - SPT- bi t  set ,  J - Joi n SPT
M - MSDP c r eat ed ent r y,  X - Pr oxy Joi n Ti mer  Runni ng
A - Adver t i sed vi a MSDP

Ti mer s:  Upt i me/ Expi r es
I nt er f ace st at e:  I nt er f ace,  Next - Hop or  VCD,  St at e/ Mode

( * ,  224. 1. 1. 1) ,  00: 13: 28/ 00: 02: 59,  RP 10. 1. 5. 1,  f l ags:  SCJ
I ncomi ng i nt er f ace:  Et her net 0,  RPF nbr 10. 1. 2. 1,
Out goi ng i nt er f ace l i s t :

Ser i al 0,  For war d/ Spar se,  00: 13: 28/ 00: 02: 32
Ser i al 1,  For war d/ Spar se,  00: 4: 52/ 00: 02: 08

( 151. 10. 3. 21/ 32,  224. 1. 1. 1) ,  00: 01: 43/ 00: 02: 59,  f l ags:  CJT
I ncomi ng i nt er f ace:  Ser i al 1,  RPF nbr 192. 10. 2. 1
Out goi ng i nt er f ace l i s t :

Et her net 0,  For war d/ Spar se,  00: 01: 43/ 00: 02: 11
Ser i al 2,  f or war d/ Spar se,  00: 01: 43/ 00: 02: 11

535353© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

A g enda

• Multicast Addressing
• I nternet Group Manag em ent P rotocol (I GMP )
• Multicast F orw arding
• P I M-D ense Mode (D M)
• P I M-Sparse Mode (SM)
• P I M-Spource Specif ic Mode (SSM)
• P I M-B idirectional (B I D I R )

S2
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G e e k o m e t e rA g e n d a

• PIM-D M O v e r v i e w
• PIM-D M Pr o t o c o l  Me c h a n i c s
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PIM D e n se  Mo d e  O v e r v ie w

• U s es  “Pu s h ” M od el
T raf f ic is initially  f looded to all P I M neig h bors
B ranch es th at don’t w ant data are pruned

• M u lt i c a s t  f orw a rd i n g  s t a t e i s  c rea t ed  
by  t h e a rri v a l of  d a t a

• I f  t h e s ou rc e g oes  i n a c t i v e,  t h e t ree 
i s  t orn  d ow n  
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PIM D e n se  Mo d e  O v e r v ie w

• Gra f t s  a re u s ed  t o j oi n  ex i s t i n g  s ou rc e t ree
• A s s ert s  a re u s ed  t o d et ermi n e f orw a rd er 
f or mu lt i -a c c es s  L A N

• Pru n es  a re s en t  on  n on -R PF  P2 P li n k s
Asserts are sent on non-R P F  m ulti-access link s

• R a t e-li mi t ed  p ru n es  a re s en t  on  a ll 
P2 P li n k s
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PIM D e n se  Mo d e  O v e r v ie w

So u r c e

Initial Flooding

R e c e i v e r

M u l t i c a s t  P a c k e t s
( S,  G )  St a t e  c r e a t e d  i n
every every r o u t e r  i n  t h e  n e t w o r k !
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PIM D e n se  Mo d e  O v e r v ie w

So u r c e

P r u ning U nw ante d T r af f ic

R e c e i v e r

M u l t i c a s t  P a c k e t s
P r u n e  M e s s a g e s
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PIM D e n se  Mo d e  O v e r v ie w
R e s u lts  A f te r  P r u ning

So u r c e

R e c e i v e r

M u l t i c a s t  P a c k e t s

F lood  &  P run e processF lood  &  P run e process
repeats every 3  m in utes! ! !repeats every 3  m in utes! ! !

( S,  G )  St a t e  s t i ll e x i s t s  i n
every every r o u t e r  i n  t h e  n e t w o r k !
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PIM-D M Pr o to co l Me ch an ics

•• PI M  N ei g h bor D i s c ov eryPI M  N ei g h bor D i s c ov ery
• PI M  D M  St a t e
• PI M  D M  F orw a rd i n g
• PI M  D M  Pru n i n g
• PI M  D M  Gra f t i n g
• PI M  A s s ert  M ec h a n i s m
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171.68.37.2
P I M  R o u t e r  2

H i g h e s t  I P  Ad d r e s s  e le c t e d
a s   “DR ” ( De s i g n a t e d  R o u t e r )

P I M  H e llo
P I M  R o u t e r  1
171.68.37.1

P I M  H e llo

PIM N e ig h b o r  D isco v e r y

• PIMv2 Hellos are periodically multicast to the “A ll-PIM-R outers” ( 224 . 0 . 0 . 1 3 )  g roup 
address.     ( D ef ault =  3 0  secon ds)

Note: PIMv1 multicasts PIM Query messages to the “A ll-R outers” ( 2 2 4 . 0 . 0 . 2 )  group  ad d ress.
• If  the “D R ” times-out,  a n ew  “D R ” is elected.
• T he “D R ” is respon sib le f or sen din g  all J oin s an d R eg ister messag es f or an y 

receivers or sen ders on  the n etw ork .

626262© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

wan-gw8>show i p pi m nei ghbor
PIM Neighbor Table
Neighbor Address  Interface          Uptime    Expires   Mode
171.68.0.70       FastEthernet0      2w1d      00:01:24  Dense  
171.68.0.91       FastEthernet0      2w6d      00:01:01  Dense (DR)
171.68.0.82       FastEthernet0      7w0d      00:01:14  Dense  
171.68.0.86       FastEthernet0      7w0d      00:01:13  Dense  
171.68.0.80       FastEthernet0      7w0d      00:01:02  Dense  
171.68.28.70      Serial2.31         22:47:11  00:01:16  Dense  
171.68.28.50      Serial2.33         22:47:22  00:01:08  Dense  
171.68.27.74      Serial2.36         22:47:07  00:01:21  Dense  
171.68.28.170     Serial0.70         1d04h     00:01:06  Dense  
171.68.27.2       Serial1.51         1w4d      00:01:25  Dense  
171.68.28.110     Serial3.56         1d04h     00:01:20  Dense  
171.68.28.58      Serial3.102        12:53:25  00:01:03  Dense 

PIM N e ig h b o r  D isco v e r y

636363© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM-D M Pr o to co l Me ch an ics

• PI M  N ei g h bor D i s c ov ery
•• PI M  D M  St a t ePI M  D M  St a t e
• PI M  D M  F orw a rd i n g
• PI M  D M  Pru n i n g
• PI M  D M  Gra f t i n g
• PI M  A s s ert  M ec h a n i s m
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PIM S tate

• D escribes th e “state” of  th e m ulticast distribution trees as 
understood by  th e router at th is point in th e netw ork .

• R epresented by  entries in th e m ulticast routing  (m route)  table
U sed  to m ak e m ulticast traffic forw ard in g d ecision s
C om posed  of ( * ,  G)  an d  ( S,  G)  en tries
E ach  en try con tain s R P F  in form ation

I n com in g ( i.e. R P F )  in terface
R P F  N eigh bor ( upstream )

E ach  en try con tain s an  O utgoin g I n terface L ist ( O I L )
O I L  m ay be N U L L

656565© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM-D M S tate  E x am p le
sj - mbone> show i p mr out e
I P Mul t i cast  Rout i ng Tabl e
Fl ags:  D - Dense,  S - Spar se,  C - Connect ed,  L - Local ,  P - Pr uned

R - RP- bi t  set ,  F - Regi st er  f l ag,  T - SPT- bi t  set ,  J - Joi n SPT
M - MSDP cr eat ed ent r y,  X - Pr oxy Joi n Ti mer  Runni ng
A - Adver t i sed vi a MSDP

Ti mer s:  Upt i me/ Expi r es
I nt er f ace st at e:  I nt er f ace,  Next - Hop or  VCD,  St at e/ Mode

( * ,  224. 1. 1. 1) ,  00: 00: 10/ 00: 00: 00,  RP 0. 0. 0. 0,  f l ags:  D
I ncomi ng i nt er f ace:  Nul l ,  RPF nbr 0. 0. 0. 0
Out goi ng i nt er f ace l i s t :

Ser i al 0,  For war d/ Dense,  00: 00: 10/ 00: 00: 00
Ser i al 1,  For war d/ Dense,  00: 00: 10/ 00: 00: 00
Ser i al 3,  For war d/ Dense,  00: 00: 10/ 00: 00: 00

( 128. 9. 160. 43/ 32,  224. 1. 1. 1) ,  00: 00: 10/ 00: 02: 49,  f l ags:  T
I ncomi ng i nt er f ace:  Ser i al 0,  RPF nbr 198. 92. 1. 129
Out goi ng i nt er f ace l i s t :

Ser i al 1,  For war d/ Dense,  00: 00: 10/ 00: 00: 00
Ser i al 3,  Pr une/ Dense,  00: 00: 05/ 00: 02: 55

666666© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM-D M ( * , G )  S tate  R ule s

• ( * , G)  c rea t ed  a u t oma t i c a lly
W h en 1st (S, G)  f or g roup is created
(S, G) ’s alw ay s h av e parent (* , G)

• ( * , G)  ref lec t  PI M  n ei g h bor a d j a c en c y
I I F  =  N U L L
O I L  =  all interf aces

w ith  P I M-D M neig h bors or
w ith  directly  connected h osts or
m anually  conf ig ured



Copyright © 2 0 0 3 ,  Cis c o S ys te m s ,  I n c .  A l l  rights  re s e rv e d .  P rin te d  in  U S A .
P re s e n ta tion _ I D . s c r

676767© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM-D M ( S , G )  S tate  R ule s

• ( S, G)  c rea t ed  by  mu lt i c a s t  d a t a  a rri v a l
P arent (* , G)  created (if  doesn’t ex ist)
I I F  =  R P F  I nterf ace in direction of  source
O I L  =  Copy  of  O I L  f rom  (* , G)  m inus I I F

• I n t erf a c es  i n  O I L  i n i t i a lly  “F orw a rd ”
Go to “P runed” state w h en P rune rcv d
“F orw ard” intf c tim ers nev er ex pire
“P runed” intf c tim ers ex pire in 3  m inutes

686868© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM-D M O IL  R ule s

• ( * , G)  O I L  
R ef lects intf c’s w / P I M neig h bors or
L ocally  connected m em bers or
Manually  conf ig ured interf aces

• ( S, G)  O I L
Copy  of  (* , G)  O I L  less I I F

• I n t erf a c es  i n  ( S, G)  O I L  “p ru n ed ”
W h en appropriate P rune receiv ed 

P rune E x piration counter (3  m in)  started
I nterf ace m ark ed “P rune/ D ense” (not rem ov ed)
R eturns to “F orw ard/ D ense” w h en P rune ex pires

696969© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM-D M Pr o to co l Me ch an ics

• PI M  N ei g h bor D i s c ov ery
• PI M  D M  St a t e
•• PI M  D M  F orw a rd i n gPI M  D M  F orw a rd i n g
• PI M  D M  Pru n i n g
• PI M  D M  Gra f t i n g
• PI M  A s s ert  M ec h a n i s m
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PIM-D M F o r w ar d in g  R ule s

• U s e lon g es t  ma t c h  en t ry
U se (S,  G)  entry  if  ex ists
O th erw ise,  use (* ,  G)  entry
E f f ectiv ely ,  only  (S, G) ’s used in P I M-D M

• R PF  c h ec k  f i rs t
I f  P ack et didn’t arriv e v ia I I F ,  drop it. 

• F orw a rd  Pa c k et  ( i f  R PF  s u c c eed ed )
Send out all “unpruned” interf aces in O I L

717171© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

(*, 224.2.127.254), 00:00:10/00:00:00, RP 0.0.0.0, flags: D
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:

Serial0, Forward/Dense, 00:00:10/00:00:00
Serial1, Forward/Dense, 00:00:10/00:00:00
Serial3, Forward/Dense, 00:00:10/00:00:00

(128.9.160.43/32, 224.2.127.254), 00:00:10/00:02:49, flags: T
Incoming interface: Serial0, RPF nbr 198.92.1.129
Outgoing interface list:

Serial1, Forward/Dense, 00:00:10/00:00:00
Serial3, Forward/Dense, 00:00:10/00:00:00

S0

rtr-a

rtr-b

M u l t i c a s t  P a c k e t s
( 128.9.160.43,  224.2.127.254)

S1

E1

S3

PIM D M F o r w ar d in g

S0Arriving data causes
‘rtr-a’ to  create state

727272© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

(*, 224.2.127.254), 00:00:10/00:00:00, RP 0.0.0.0, flags: D
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:

Serial0, Forward/Dense, 00:00:10/00:00:00
Serial1, Forward/Dense, 00:00:10/00:00:00
Serial3, Forward/Dense, 00:00:10/00:00:00

(128.9.160.43/32, 224.2.127.254), 00:00:10/00:02:49, flags: T
Incoming interface: Serial0, RPF nbr 198.92.1.129
Outgoing interface list:

Serial1, Forward/Dense, 00:00:10/00:00:00
Serial3, Forward/Dense, 00:00:10/00:00:00

S3

S0

rtr-a

rtr-b

S1

E1

P ack ets are “f looded” out all 
interf aces in (S,  G)  “oilist”.

M u l t i c a s t  P a c k e t s
( 128.9.160.43,  224.2.127.254)

S0

Out goi ng i nt er f ace l i s t :
Ser i al 1,  For war d/ Dense,  00: 00: 10/ 00: 00: 00
Ser i al 3,  For war d/ Dense,  00: 00: 10/ 00: 00: 00

PIM D M F o r w ar d in g
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(*, 224.2.127.254), 00:00:12/00:00:00, RP 0.0.0.0, flags: D
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:

Serial0, Forward/Dense, 00:00:12/00:00:00

(128.9.160.43/32, 224.2.127.254), 00:00:12/00:02:48, flags: PT
Incoming interface: Serial0, RPF nbr 198.92.2.31
Outgoing interface list: Null

PIM D M F o r w ar d in g

M u l t i c a s t  P a c k e t s
( 128.9.160.43,  224.2.127.254)

S0

rtr-a

rtr-b

S1

E1

S3

Arriving data causes
‘rtr-b’ to  create state

S0

747474© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM-D M Pr o to co l Me ch an ics

• PI M  N ei g h bor D i s c ov ery
• PI M  D M  St a t e
• PI M  D M  F orw a rd i n g
•• PI M  D M  Pru n i n gPI M  D M  Pru n i n g
• PI M  D M  Gra f t i n g
• PI M  A s s ert  M ec h a n i s m
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(*, 224.2.127.254), 00:00:10/00:00:00, RP 0.0.0.0, flags: D
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:

Serial0, Forward/Dense, 00:00:10/00:00:00
Serial1, Forward/Dense, 00:00:10/00:00:00
Serial3, Forward/Dense, 00:00:10/00:00:00

(128.9.160.43/32, 224.2.127.254), 00:00:10/00:02:49, flags: T
I ncomi ng i nt er f ace: Serial0, RPF nbr 198.92.1.129
Out goi ng i nt er f ace l i s t :

Serial1, Forward/Dense, 00:00:10/00:00:00
Serial3, Forward/Dense, 00:00:10/00:00:00

I nitial  “F l o o ding” S tate
in “rtr-a”

S0

rtr-a

rtr-b

M u l t i c a s t  P a c k e t s
( 128.9.160.43,  224.2.127.254)

S1

E1

S3

PIM D M Pr un in g

S0
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11 “rtr-a” initially  f loods (S,  G)  traf f ic out all interf aces in “oilist”. 

M u l t i c a s t  P a c k e t s
( 128.9.160.43,  224.2.127.254)

22 “rtr-b” is a leaf  node w / o receiv ers.  Sends P rune f or (S, G) .

Prune22

33 “rtr-a” P runes interf ace f or (S, G) .

S0

rtr-a

rtr-b

S1

E1

33��S3

PIM D M Pr un in g

S0
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(*, 224.2.127.254), 00:00:12/00:00:00, RP 0.0.0.0, flags: D
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:

Serial0, Forward/Dense, 00:00:12/00:00:00
Serial1, Forward/Dense, 00:00:12/00:00:00
Serial3, Forward/Dense, 00:00:12/00:00:00

(128.9.160.43/32, 224.2.127.254), 00:00:12/00:02:48, flags: T
Incoming interface: Serial0, RPF nbr 198.92.1.129
Outgoing interface list:

Serial1, Forward/Dense, 00:00:12/00:00:00
Ser i al 3,  Pr une/ Dense,  00: 00: 12/ 00: 02: 56

M u l t i c a s t  P a c k e t s
( 128.9.160.43,  224.2.127.254)

S0

rtr-a

rtr-b

S1

E1

S3

S tate in “rtr-a”
af ter P runing

S0

PIM D M Pr un in g
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(*, 224.2.127.254), 00:00:12/00:00:00, RP 0.0.0.0, flags: D
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:

Serial0, Forward/Dense, 00:00:12/00:00:00

(128.9.160.43/32, 224.2.127.254), 00:00:12/00:02:48, flags: PT
Incoming interface: Serial0, RPF nbr 198.92.2.31
Outgoing interface list: Null

M u l t i c a s t  P a c k e t s
( 128.9.160.43,  224.2.127.254)

S0

rtr-a

rtr-b

S1

E1

S3

S tate in ‘rtr-b’
bef o re/ af ter P runing

S0

PIM D M Pr un in g
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( S, G )  P a c k e t s  
E0

11 “rtr-b” is a leaf  node w / o receiv ers.  Sends P rune f or (S, G) .

Prune11

22 “rtr-a” sch edules a P rune f or (S, G)  to occur in 3  seconds.

I’l l  w ai t  3  s ecs t o  s ee 
i f  s o m eo ne el s e w ant s  
(S, G)  bef o re I Prune

Int erf ace E0 .

22

33 “rtr-c” h ears P rune f rom  “rtr-b”.  O v errides w ith  a J oin.

J o i n 33

44 “rtr-a” h ears J oin and cancels P rune f or (S, G) .

S0

R ecei v er

rtr-b rtr-c

S1rtr-a

E0

E1

E0

E1

44

Pr un e  D e lay  o n  Multiacce ss N e tw o r k s
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PIM-D M Pr o to co l Me ch an ics

• PI M  N ei g h bor D i s c ov ery
• PI M  D M  St a t e
• PI M  D M  F orw a rd i n g
• PI M  D M  Pru n i n g
•• PI M  D M  Gra f t i n gPI M  D M  Gra f t i n g
• PI M  A s s ert  M ec h a n i s m

818181© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

• “rtr-b” and “rtr-c” h av e prev iously  P runed (S, G)  traf f ic.
• “rtr-a” is still f orw arding  traf f ic dow nstream  v ia S1.

Beginning State

E0

S0

rtr-a

rtr-b

( S, G )  P a c k e t s  

rtr-c
E0

E1

E0

E1

S1

PIM D M G r af tin g
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(*, 224.2.127.254), 00:04:10/00:00:00, RP 0.0.0.0, flags: D
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:
Serial0, Forward/Dense, 00:04:10/00:00:00
Serial1, Forward/Dense, 00:04:10/00:00:00
Ethernet0, Forward/Dense, 00:04:10/00:00:00

(128.9.160.43/32, 224.2.127.254), 00:04:10/00:02:39, flags: T
Incoming interface: Serial0, RPF nbr 198.92.1.129
Outgoing interface list:

Et her net 0,  Pr une/ Dense,  00: 01: 29/ 00: 01: 30
Serial1, Forward/Dense, 00:04:10/00:00:00

Beginning State
in “r tr -a”

E0

S0

rtr-b rtr-c
E0

E1

E0

E1

rtr-a
S1( S, G )  P a c k e t s  

PIM D M G r af tin g
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(*, 224.2.127.254), 00:04:10/00:00:00, RP 0.0.0.0, flags: D
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:
Ethernet0, Forward/Dense, 00:04:10/00:00:00

(128.9.160.43/32, 224.2.127.254), 00:04:10/00:02:39, flags: PT
Incoming interface: Ethernet0, RPF nbr 198.92.2.1
Outgoing interface list: Nul l

Beginning State in “r tr -b”

E0

S0

rtr-b rtr-c
E0

E1

E0

E1

rtr-a
S1( S, G )  P a c k e t s  

PIM D M G r af tin g
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(*, 224.2.127.254), 00:04:10/00:00:00, RP 0.0.0.0, flags: D
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:
Ethernet0, Forward/Dense, 00:04:10/00:00:00

(128.9.160.43/32, 224.2.127.254), 00:04:10/00:02:39, flags: PT
Incoming interface: Ethernet0, RPF nbr 198.92.2.1
Outgoing interface list: Nul l

(*, 224.2.127.254), 00:04:10/00:00:00, RP 0.0.0.0, flags: D
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:
Ethernet0, Forward/Dense, 00:04:10/00:00:00

(128.9.160.43/32, 224.2.127.254), 00:04:10/00:02:39, flags: PT
Incoming interface: Ethernet0, RPF nbr 198.92.2.1
Outgoing interface list: Nul l

Beginning State in “r tr -c”

E0

S0

rtr-b rtr-c
E0

E1

E0

E1

rtr-a
S1( S, G )  P a c k e t s  

PIM D M G r af tin g
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E0

S0

rtr-b

Rcvr A

• “R cv r A” w ish es to receiv e g roup G traf f ic.  Sends I GMP  J oin f or G.11

I G M P  J o i n 11

• “rtr-b” sends P I M Graf t f or Group (S, G) .22

P I M  G ra f t22

• “rtr-a” ack now ledg es w ith  a P I M Graf t-Ack .33

P I M  G ra f t -AC K33

• “rtr-a” beg ins f orw arding  traf f ic f or (S, G) .44

rtr-c

44

E0

E1

E0

E1

rtr-a
S1( S, G )  P a c k e t s  

PIM D M G r af tin g
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(*, 224.2.127.254), 00:04:10/00:00:00, RP 0.0.0.0, flags: D
Incoming interface: Null, RPF nbr 0.0.0.0
Outgoing interface list:
Serial0, Forward/Dense, 00:04:10/00:00:00
Serial1, Forward/Dense, 00:04:10/00:00:00
Ethernet0, Forward/Dense, 00:04:10/00:00:00

(128.9.160.43/32, 224.2.127.254), 00:04:10/00:02:39, flags: T
Incoming interface: Serial0, RPF nbr 198.92.1.129
Outgoing interface list:

Et her net 0,  For war d/ Dense,  00: 00: 25/ 00: 00: 00
Serial1, Forward/Dense, 00:04:10/00:00:00

E0

S0

rtr-b rtr-c
E0

E1

E0

E1

rtr-a
S1

State in “r tr -a”
af ter  G r af ting

( S, G )  P a c k e t s  

PIM D M G r af tin g
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PIM-D M Pr o to co l Me ch an ics

• PI M  N ei g h bor D i s c ov ery
• PI M  D M  St a t e
• PI M  D M  F orw a rd i n g
• PI M  D M  Pru n i n g
• PI M  D M  Gra f t i n g
•• PI M  A s s ert  M ec h a n i s mPI M  A s s ert  M ec h a n i s m
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E0

I ncom ing  Multicast P ack et
( Su c c e s s f u l R P F Ch e c k )  

E0

S0

R outers r e c e iv e pack et on an interf ace in th eir “oilist”! !
– O n ly on e router sh ould  con tin ue sen d in g to avoid
d uplicate pack ets.

11

S0

11

22 R outers send “P I M Assert” m essag es

As s e r t
<d i s t a n c e,  m et ri c >

As s e r t
< d i s t a n c e,  m et ri c >

2222

– C om pare distance an d  m etr ic values
– R outer w ith  best route to source w in s
– I f m etr ic an d  distance eq ual,  h igh est I P  ad r w in s
– L osin g router stops sen d in g ( prun es in terface)

PIM A sse r t Me ch an ism

898989© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

A g enda

• Multicast Addressing
• I nternet Group Manag em ent P rotocol (I GMP )
• Multicast F orw arding
• P I M-D ense Mode (D M)
• P I M-Sparse Mode (SM)
• P I M-Spource Specif ic Mode (SSM)
• P I M-B idirectional (B I D I R )

S2

909090© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM-S M O v e r v ie w

• E x p li c i t  j oi n  mod el
R eceiv ers j oin to th e R endez v ous P oint (R P )
Senders reg ister w ith  th e R P
D ata f low s dow n th e sh ared tree and g oes only  to

places th at need th e data f rom  th e sources
L ast h op routers can j oin source tree if  th e data rate 
w arrants by  sending  j oins to th e source

• R PF  c h ec k  d ep en d s  on  t ree t y p e
F or sh ared trees,  uses R P  address
F or source trees,  uses Source address
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PIM-S M O v e r v ie w

• O nly  one R P  is ch osen f or a particular g roup
• R P  statically  conf ig ured or dy nam ically  learned (Auto-R P ,  P I M 
v 2  candidate R P  adv ertisem ents)

• D ata f orw arded based on th e source state (S,  G)  
if  it ex ists,  oth erw ise use th e sh ared state (* ,  G)

• R F C 2 3 2 6  - “P I M Sparse Mode P rotocol Spec”

929292© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM-S M S h ar e d  T r e e  J o in

R e c e i v e r

R P

( * ,  G )  J o i n
Sh a r e d  T r e e

( * ,  G )  St a t e  c r e a t e d  o n l y
a lo n g  t h e  Sh a r e d  T r e e .
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PIM-S M S e n d e r  R e g istr atio n

R e c e i v e r

R P

( S,  G )  J o i n

So u r c e

Sh a r e d  T r e e

( S,  G )  R e g i s t e r (uni cas t )
So u r c e  T r e e

( S,  G )  St a t e  c r e a t e d  o n l y
a lo n g  t h e  So u r c e  T r e e .T r a f f i c  Flo w
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PIM-S M S e n d e r  R e g istr atio n

R e c e i v e r

R PSo u r c e

Sh a r e d  T r e e
So u r c e  T r e e

R P  s e n d s  a  R e g i s t e r -St o p  
b a c k  t o  t h e  f i r s t - h o p  r o u t e r  
t o  s t o p  t h e  R e g i s t e r  p r o c e s s .

( S,  G )  R e g i s t e r -St o p (uni cas t )

T r a f f i c  Flo w

( S,  G )  R e g i s t e r (uni cas t )

( S,  G )  t r a f f i c  b e g i n s  a r r i v i n g  
a t  t h e  R P  v i a  t h e  So u r c e  t r e e .
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PIM-S M S e n d e r  R e g istr atio n

R e c e i v e r

R PSo u r c e

Sh a r e d  T r e e
So u r c e  T r e e

T r a f f i c  Flo w
So u r c e  t r a f f i c  f lo w s  n a t i v e ly
a lo n g  SP T  t o  R P .
Fr o m  R P ,  t r a f f i c  f l o w s  d o w n
t h e  Sh a r e d  T r e e  t o  R e c e i v e r s .
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PIM-S M S PT  S w itch o v e r

R e c e i v e r

R P

( S,  G )  J o i n

So u r c e

So u r c e  T r e e
Sh a r e d  T r e e

L a s t - h o p  r o u t e r  j o i n s  t h e  So u r c e  
T r e e .
Ad d i t i o n a l ( S,  G )  St a t e  i s  c r e a t e d  
a lo n g  n e w  p a r t  o f  t h e  So u r c e  T r e e .

T r a f f i c  Flo w
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PIM-S M S PT  S w itch o v e r

R e c e i v e r

R PSo u r c e

So u r c e  T r e e
Sh a r e d  T r e e

( S,  G ) R P -b i t  P r u n e

T r a f f i c  b e g i n s  f l o w i n g  d o w n  t h e  
n e w  b r a n c h  o f  t h e  So u r c e  T r e e .
Ad d i t i o n a l ( S,  G )  St a t e  i s  c r e a t e d  
a lo n g  a lo n g  t h e  Sh a r e d  T r e e  t o  
p r u n e  o f f  ( S,  G )  t r a f f i c .

T r a f f i c  Flo w
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PIM-S M S PT  S w itch o v e r

R e c e i v e r

R PSo u r c e

So u r c e  T r e e
Sh a r e d  T r e e

( S,  G )  T r a f f i c  f l o w  i s  n o w  
p r u n e d  o f f  o f  t h e  Sh a r e d  T r e e  
a n d  i s  f lo w i n g  t o  t h e  R e c e i v e r  
v i a  t h e  So u r c e  T r e e .

T r a f f i c  Flo w
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PIM-S M S PT  S w itch o v e r

R e c e i v e r

R PSo u r c e

So u r c e  T r e e
Sh a r e d  T r e e

( S,  G )  t r a f f i c  f l o w  i s  n o  lo n g e r  
n e e d e d  b y  t h e  R P  s o  i t  P r u n e s  
t h e  f lo w  o f  ( S,  G )  t r a f f i c .

T r a f f i c  Flo w

( S,  G )  P r u n e
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PIM-S M S PT  S w itch o v e r

R e c e i v e r

R PSo u r c e

So u r c e  T r e e
Sh a r e d  T r e e

( S,  G )  T r a f f i c  f l o w  i s  n o w  o n ly  
f lo w i n g  t o  t h e  R e c e i v e r  v i a  a  
s i n g le  b r a n c h  o f  t h e  So u r c e  
T r e e .

T r a f f i c  Flo w

10 110 110 1© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM-S M Pr o to co l Me ch an ics

•• PI M  SM  St a t ePI M  SM  St a t e
• PI M  SM  F orw a rd i n g
• PI M  SM  Joi n i n g
• PI M  SM  R eg i s t eri n g
• PI M  SM  SPT -Sw i t c h ov er
• PI M  SM  Pru n i n g
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PIM-S M S tate  E x am p le

sj - mbone> show i p mr out e
I P Mul t i cast  Rout i ng Tabl e
Fl ags:  D - Dense,  S - Spar se,  C - Connect ed,  L - Local ,  P - Pr uned

R - RP- bi t  set ,  F - Regi st er  f l ag,  T - SPT- bi t  set ,  J - Joi n SPT
M - MSDP cr eat ed ent r y,  X - Pr oxy Joi n Ti mer  Runni ng
A - Adver t i sed v i a MSDP

Ti mer s:  Upt i me/ Expi r es
I nt er f ace st at e:  I nt er f ace,  Next - Hop or  VCD,  St at e/ Mode

( * ,  224. 1. 1. 1) ,  00: 13: 28/ 00: 02: 59,  RP 10. 1. 5. 1,  f l ags:  SCJ
I ncomi ng i nt er f ace:  Et her net 0,  RPF nbr 10. 1. 2. 1,
Out goi ng i nt er f ace l i st :

Et her net 1,  For war d/ Spar se,  00: 13: 28/ 00: 02: 32
Ser i al 0,  For war d/ Spar se,  00: 4: 52/ 00: 02: 08

( 171. 68. 37. 121/ 32,  224. 1. 1. 1) ,  00: 01: 43/ 00: 02: 59,  f l ags:  CJT
I ncomi ng i nt er f ace:  Ser i al 0,  RPF nbr 192. 10. 2. 1
Out goi ng i nt er f ace l i st :

Et her net 1,  For war d/ Spar se,  00: 01: 43/ 00: 02: 11
Et her net 0,  f or war d/ Spar se,  00: 01: 43/ 00: 02: 11
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PIM-S M ( * , G )  S tate  R ule s
• ( * , G)  c rea t i on

U pon receipt of  a (* , G)  J oin or
Autom atically  if  (S, G)  m ust be created 

• ( * , G)  ref lec t s  d ef a u lt  g rou p  f orw a rd i n g
I I F  =  R P F  interf ace tow ard R P
O I L  =  interf aces

th at receiv ed a (* , G)  J oin or
w ith  directly  connected h osts or
m anually  conf ig ured

• ( * , G)  d elet i on
W h en O I L  =  N U L L  and
no ch ild (S, G)  state ex ists

10 410 410 4© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM-S M ( S , G )  S tate  R ule s

• ( S, G)  c rea t i on
B y  receipt of  (S, G)  J oin or P rune or
B y  “R eg ister” process
P arent (* , G)  created (if  doesn’t ex ist)

• ( S, G)  ref lec t s  f orw a rd i n g  of  “S” t o “G”
I I F  =  R P F  I nterf ace norm ally  tow ard source

R P F  tow ard R P  if  “R P -bit” set
O I L  =  I nitially ,  copy  of  (* , G)  O I L  m inus I I F

• ( S, G)  d elet i on
B y  norm al (S, G)  entry  tim eout

10 510 510 5© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM-S M O IL  R ule s

• I n t erf a c es  i n  O I L  a d d ed  
B y  receipt of  J oin m essag e

I ntf c’s added to (* , G)  are added to all (S, G) ’s
• I n t erf a c es  i n  O I L  remov ed  

B y  receipt of  P rune m essag e
I ntf c’s rem ov ed f rom  (* , G)  are rem ov ed f rom  all (S, G) ’s

I nterf ace E x pire tim er counts dow n to z ero
T im er reset (to 3  m in.)  by  receipt of  periodic J oin or
B y  I GMP  m em bersh ip report
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PIM-S M Pr o to co l Me ch an ics

• PI M  SM  St a t e
•• PI M  SM  F orw a rd i n gPI M  SM  F orw a rd i n g
• PI M  SM  Joi n i n g
• PI M  SM  R eg i s t eri n g
• PI M  SM  SPT -Sw i t c h ov er
• PI M  SM  Pru n i n g
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PIM-S M F o r w ar d in g  R ule s

• U s e lon g es t  ma t c h  en t ry
U se (S,  G)  entry  if  ex ists
O th erw ise,  use (* ,  G)  entry

• R PF  c h ec k  f i rs t
I f  P ack et didn’t arriv e v ia I I F ,  drop it. 

• F orw a rd  Pa c k et  ( i f  R PF  s u c c eed ed )
Send out all “unpruned” interf aces in O I L

10 810 810 8© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

E0

S0

rtr-a

S1

• P ack ets are “f orw arded” out all interf aces in “oilist”.
• P I M Sparse m ode interf aces are placed on th e “oilist”
f or a Multicast Group I F :

– P I M n eigh bor J oin s th e group on  th is in terface
– H ost on  th is in terface h as j oin ed  th e group
– I n terface h as been  m an ually con figured  to j oin  group.

Sh a r e d  T r e e
M u l t i c a s t  P a c k e t s

( 128. 9. 160. 1,  224. 1. 1. 1)

So u r c e  T r e e  ( SP T )
M u l t i c a s t  P a c k e t s

( 128. 9. 160. 43,  224. 1. 1. 1)

E0
E1

R c v r A
( * ,  224. 1. 1. 1)

t o  R P
( 10. 1. 5. 1)

PIM S M F o r w ar d in g
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PIM-S M Pr o to co l Me ch an ics

• PI M  SM  St a t e
• PI M  SM  F orw a rd i n g
•• PI M  SM  Joi n i n gPI M  SM  Joi n i n g
• PI M  SM  R eg i s t eri n g
• PI M  SM  SPT -Sw i t c h ov er
• PI M  SM  Pru n i n g
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PIM S M J o in in g

• L ea f  rou t ers  s en d  a  ( * , G)  Joi n  t o t ow a rd  R P
J oins sent h op-by -h op v ia unicast path  tow ard R P

• E a c h  rou t er a lon g  p a t h  c rea t es  ( * , G)  s t a t e
I F  no (* , G)  state,  create it &  send a J oin tow ard R P
E L SE  J oin process com plete.  R each ed th e (* , G)  tree.

111111111© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

• “R cv r A” w ish es to receiv e g roup G traf f ic.  Sends I GMP  J oin f or G.11

IGM P J o i n11

E0
S0 rtr-a

rtr-b

S1

E0
E1

R cv r A

Sh ared  T ree

T o  R P  ( 10.1.5.1)

1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2

PIM S M J o in in g
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(*, 224.1.1.1), 00:00:05/00:02:54, RP 10.1.5.1, flags: SC
Incoming interface: Ethernet0, RPF nbr 10.1.2.1
Outgoing interface list:

Ethernet1, Forward/Sparse, 00:00:05/00:02:54

(*, 224.1.1.1), 00:00:05/00:02:54, RP 10.1.5.1, flags: SC
Incoming interface: Ethernet0, RPF nbr 10.1.2.1
Outgoing interface list:

Ethernet1, Forward/Sparse, 00:00:05/00:02:54

“rtr-b” creates ( * ,  2 2 4 . 1 . 1 . 1 )  state

E0
S0 rtr-a

rtr-b

S1

E0
E1

T o  R P  ( 10.1.5.1)

R cv r A

Sh ared  T ree

1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2

PIM S M J o in in g

Et her net 1,  For war d/ Spar se,  00: 00: 05/ 00: 02: 54

113113113© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

• “R cv r A” w ish es to receiv e g roup G traf f ic.  Sends I GMP  J oin f or G.11

• “rtr-b” sends (* , G)  J oin tow ards R P .22

PIM  J o i n22

E0
S0 rtr-a

rtr-b

S1

E0
E1

R cv r A

Sh ared  T ree

T o  R P  ( 10.1.5.1)

1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2

PIM S M J o in in g
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(*, 224.1.1.1), 00:00:05/00:02:54, RP 10.1.5.1, flags: S
Incoming interface: Serial0, RPF nbr 10.1.4.1
Outgoing interface list:

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

(*, 224.1.1.1), 00:00:05/00:02:54, RP 10.1.5.1, flags: S
Incoming interface: Serial0, RPF nbr 10.1.4.1
Outgoing interface list:

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

“rtr-a” creates ( * ,  2 2 4 . 1 . 1 . 1 )  state.

E0
S0 rtr-a

rtr-b

S1

E0
E1

T o  R P  ( 10.1.5.1)

R cv r A

Sh ared  T ree

1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2

PIM S M J o in in g  

Et her net 0,  For war d/ Spar se,  00: 00: 05/ 00: 02: 54
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PIM  J o i n33

Sh ared  T ree44

• Sh ared tree is built all th e w ay  back  to th e R P .44

E0
S0 rtr-a

rtr-b

S1

E0
E1

R cv r A

Sh ared  T ree

T o  R P  ( 10.1.5.1)

1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2

PIM S M J o in in g

• “R cv r A” w ish es to receiv e g roup G traf f ic.  Sends I GMP  J oin f or G.11

• “rtr-a” sends (* , G)  J oin tow ards R P .33
• “rtr-b” sends (* , G)  J oin tow ards R P .22

116116116© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM-S M Pr o to co l Me ch an ics

• PI M  SM  St a t e
• PI M  SM  F orw a rd i n g
• PI M  SM  Joi n i n g
•• PI M  SM  R eg i s t eri n gPI M  SM  R eg i s t eri n g
• PI M  SM  SPT -Sw i t c h ov er
• PI M  SM  Pru n i n g
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PIM S M R e g iste r in g

• Senders beg in sourcing  Multicast T raf f ic
Sen d ers d on ’t n ecessarily perform  I GMP  group j oin s.

• 1st-h op router unicasts “R eg isters” to R P
A  Mcast pack et is en capsulated  in  each  R egister m sg
R egisters m essages follow  un icast path  to R P

• R P  receiv es “R eg ister” m essag es
D e-en capsulates th e Mcast pack et in sid e R egister m sg
F orw ard s Mcast pack et d ow n  Sh ared  T ree
Sen d s ( S, G)  J oin  tow ard  Source /  1 st-H op router
to build  an  ( S, G)  SP T  betw een  Source an d  R P
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PIM S M R e g iste r in g

• 1st-h op router receiv es (S, G)  J oin
SP T  betw een  Source an d  R P  n ow  built.
B egin s forw ard in g traffic d ow n  ( S, G)  SP T  to R P
( S, G)  T raffic tem porarily flow in g d ow n  2 path s to R P

• R P  receiv es traf f ic dow n nativ e (S, G)  SP T
Sen d s a “R egister-Stop” m sg to Source /  1 st-H op router.

• 1st-H op router receiv es “R eg ister-Stop” m sg
Stops en capsulatin g traffic in  “R egister” m essages
( S, G)  T raffic n ow  flow in g d ow n  sin gle SP T  to R P

119119119© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM S M R e g iste r  E x am p le s

•• R ec ei v ers  Joi n  Grou p  F i rs tR ec ei v ers  Joi n  Grou p  F i rs t
• Sou rc e R eg i s t ers  F i rs t
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(*, 224.1.1.1), 00:00:03/00:02:56, RP 171.68.28.140, flags:S
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list:

Serial0, Forward/Sparse, 00:03:14/00:02:59
Serial1, Forward/Sparse, 00:03:14/00:02:59

S tate in “R P ” bef o re any  so urce registers
( w i t h  r e c e i v e r s  o n  Sh a r e d  T r e e )

rt r-a

R P

rt r-crt r-b

Sh ared  T ree

S3
S0 S1

PIM S M R e g iste r in g
Receiver Joins Group First

E 0 S1S0S0
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r t r - b>sh ip mroute 224.1.1.1

No such group

r t r - b>sh ip mroute 224.1.1.1

No such group

S tate in “rtr-b” bef o re any  so urce registers
( w i t h  r e c e i v e r s  o n  Sh a r e d  T r e e )

rt r-a

R P

rt r-crt r-b

Sh ared  T ree

E 0

PIM S M R e g iste r in g
Receiver Joins Group First

S3
S0 S1

S1S0S0
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r t r - a>sh ip mroute 224.1.1.1

No such group.

S tate in “rtr-a” bef o re any  so urce registers
( w i t h  r e c e i v e r s  o n  Sh a r e d  T r e e )

rt r-a

R P

rt r-crt r-b

Sh ared  T ree

E 0

PIM S M R e g iste r in g
Receiver Joins Group First

S3
S0 S1

S1S0S0

123123123© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

11

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

rt r-a

R P
So urce

1 7 1 . 6 8 . 3 7 . 1 2 1  rt r-crt r-b

Sh ared  T ree

PIM S M R e g iste r in g
Receiver Joins Group First

E 0 S3
S0 S1

• “Source” beg ins sending  g roup G traf f ic. 11

S1S0S0
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(*, 224.1.1.1), 00:00:03/00:02:56, RP 171.68.28.140, flags: SP
Incoming interface: Serial0, RPF nbr 171.68.28.191,
Outgoing interface list: Null

(171.68.37.121/32, 224.1.1.1), 00:00:03/00:02:56, flags: FPT
Incoming interface: Ethernet0, RPF nbr 0.0.0.0, 
Outgoing interface list: Null

(*, 224.1.1.1), 00:00:03/00:02:56, RP 171.68.28.140, flags: SP
Incoming interface: Serial0, RPF nbr 171.68.28.191,
Outgoing interface list: Null

(171.68.37.121/32, 224.1.1.1), 00:00:03/00:02:56, flags: FPT
Incoming interface: Ethernet0, RPF nbr 0.0.0.0, 
Outgoing interface list: Null

“rtr-a” creates ( S ,  G )  state f o r so urce
(After automatically creating a (*, G) entry)

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

So urce
1 7 1 . 6 8 . 3 7 . 1 2 1  rt r-a

R P

Sh ared  T ree

rt r-crt r-b

PIM S M R e g iste r in g
Receiver Joins Group First

E 0 S3
S0 S1

• “rtr-a” encapsulates pack ets in R eg isters; unicasts to R P .22

R eg i s t er M s g s22

• “Source” beg ins sending  g roup G traf f ic. 11

Regi st er i ng
FPT

S1S0S0
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R eg i s t er M s g s

“R P ” p ro cesses R egister;  creates ( S ,  G )  state

(*, 224.1.1.1), 00:09:21/00:02:38, RP 171.68.28.140, flags: S
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list:

Serial0, Forward/Sparse, 00:09:21/00:02:38
Serial1, Forward/Sparse, 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, 00:00:49/00:02:11
Serial1, Forward/Sparse, 00:00:49/00:02:11

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

So urce
1 7 1 . 6 8 . 3 7 . 1 2 1  rt r-a

R P

Sh ared  T ree

rt r-crt r-b

PIM S M R e g iste r in g
Receiver Joins Group First

E 0 S3
S0 S1

• “rtr-c” (R P )  de-encapsulates pack ets; f orw ards dow n Sh ared tree.33

33 (* ,  2 2 4 . 1 . 1 . 1 )
M cas t T raf f i c

1 7 1 . 6 8 . 2 8 . 1 3 9

S1S0S0
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R eg i s t er M s g s

rt r-a

R P

rt r-c

Sh ared  T ree
(* ,  2 2 4 . 1 . 1 . 1 )
M cas t T raf f i c

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

So urce
1 7 1 . 6 8 . 3 7 . 1 2 1  

PIM S M R e g iste r in g
Receiver Joins Group First

E 0
S0 S1rt r-b

• R P  sends (S, G)  J oin tow ard Source to build SP T .44

S1

J o i n S044

S0S0
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R eg i s t er M s g s

E 0

“rtr-b” p ro cesses J o in,  creates ( S ,  G )  state
( Af t e r  a u t o m a t i c a lly  c r e a t i n g  t h e  ( * ,  G )  e n t r y )

(*, 224.1.1.1), 00:04:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial1, RPF nbr 171.68.28.140,
Outgoing interface list: Null

(171.68.37.121/32, 224.1.1.1), 00:04:28/00:01:32, flags: 
Incoming interface: Serial0, RPF nbr 171.68.28.190
Outgoing interface list:

Serial1, Forward/Sparse, 00:04:28/00:01:32

(*, 224.1.1.1), 00:04:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial1, RPF nbr 171.68.28.140,
Outgoing interface list: Null

(171.68.37.121/32, 224.1.1.1), 00:04:28/00:01:32, flags: 
Incoming interface: Serial0, RPF nbr 171.68.28.190
Outgoing interface list:

Serial1, Forward/Sparse, 00:04:28/00:01:32

rt r-a

R P

rt r-crt r-b

Sh ared  T ree
(* ,  2 2 4 . 1 . 1 . 1 )
M cas t T raf f i c

So urce
1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

S1

1 7 1 . 6 8 . 2 8 . 1 9 0

PIM S M R e g iste r in g
Receiver Joins Group First

S0 S1

• “rtr-b” sends (S, G)  J oin tow ard Source to continue building  SP T .55

J o i n S055

• R P  sends (S, G)  J oin tow ard Source to build SP T .44

S0S0
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R eg i s t er M s g s

(*, 224.1.1.1), 00:04:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial0, RPF nbr 171.68.28.191,
Outgoing interface list: Null

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

(*, 224.1.1.1), 00:04:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial0, RPF nbr 171.68.28.191,
Outgoing interface list: Null

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

“rtr-a” p ro cesses th e ( S ,  G )  J o in;  adds S erial 0  to  O I L

rt r-a

R P

rt r-crt r-b

Sh ared  T ree
(* ,  2 2 4 . 1 . 1 . 1 )
M cas t T raf f i c

So urce
1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

E 0

PIM S M R e g iste r in g
Receiver Joins Group First

S0 S1

Ser i al 0,  For war d/ Spar se,  00: 04: 28/ 00: 01: 32

S1S0S0
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R eg i s t er M s g s

S0 S1
E 0

• R P  beg ins receiv ing  (S, G)  traf f ic dow n SP T . 66

66

• R P  sends “R eg ister-Stop” to “rtr-a”.77

R eg i s t er-St o p77
rt r-a

R P

rt r-crt r-b

Sh ared  T ree
(* ,  2 2 4 . 1 . 1 . 1 )
M cas t T raf f i c

So urce
1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

PIM S M R e g iste r in g
Receiver Joins Group First

S1S0S0
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(*, 224.1.1.1), 00:04:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial0, RPF nbr 171.68.28.191,
Outgoing interface list: Null

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

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

(*, 224.1.1.1), 00:04:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial0, RPF nbr 171.68.28.191,
Outgoing interface list: Null

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

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

rt r-a

R P

rt r-crt r-b

Sh ared  T ree
(* ,  2 2 4 . 1 . 1 . 1 )
M cas t T raf f i c

So urce
1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

PIM S M R e g iste r in g
Receiver Joins Group First

E 0 S3
S0 S1

S1S0S0

“rtr-a” sto p s sending R egister m essages
( Final  S tate in “rtr-a”)

• (S, G)  T raf f ic now  f low ing  dow n a sing le path  (SP T )  to R P .88

88
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F inal  state in “rtr-b”

(*, 224.1.1.1), 00:04:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial1, RPF nbr 171.68.28.140,
Outgoing interface list: Null

(171.68.37.121/32, 224.1.1.1), 00:04:28/00:01:32, flags: T 
Incoming interface: Serial0, RPF nbr 171.68.28.190
Outgoing interface list:

Serial1, Forward/Sparse, 00:04:28/00:01:32

(*, 224.1.1.1), 00:04:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial1, RPF nbr 171.68.28.140,
Outgoing interface list: Null

(171.68.37.121/32, 224.1.1.1), 00:04:28/00:01:32, flags: T 
Incoming interface: Serial0, RPF nbr 171.68.28.190
Outgoing interface list:

Serial1, Forward/Sparse, 00:04:28/00:01:32

rt r-a

R P

rt r-crt r-b

Sh ared  T ree
(* ,  2 2 4 . 1 . 1 . 1 )
M cas t T raf f i c

So urce
1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

E 0

PIM S M R e g iste r in g
Receiver Joins Group First

S0 S1
S1S0S0
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F inal  state in th e “R P ”
( w i t h  r e c e i v e r s  o n  Sh a r e d  T r e e )

(*, 224.1.1.1), 00:09:21/00:02:38, RP 171.68.28.140, flags: S
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list:

Serial0, Forward/Sparse, 00:09:21/00:02:38
Serial1, Forward/Sparse, 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:

Serial0, Forward/Sparse, 00:00:49/00:02:11
Serial1, Forward/Sparse, 00:00:49/00:02:11

rt r-a

R P

rt r-crt r-b

Sh ared  T ree
(* ,  2 2 4 . 1 . 1 . 1 )
M cas t T raf f i c

So urce
1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

S3

1 7 1 . 6 8 . 2 8 . 1 3 9

PIM S M R e g iste r in g
Receiver Joins Group First

S0 S1
S1S0S0E 0
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PIM S M R e g iste r  E x am p le s

• R ec ei v ers  Joi n  Grou p  F i rs t
•• Sou rc e R eg i s t ers  F i rs tSou rc e R eg i s t ers  F i rs t

134134134© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

r t r - c>show ip mroute 224.1.1.1

Group 224.1.1.1 not found.

r t r - c>show ip mroute 224.1.1.1

Group 224.1.1.1 not found.

S tate in “R P ” bef o re R egistering
( w i t h o u t  r e c e i v e r s  o n  Sh a r e d  T r e e )

rt r-a

R P

rt r-crt r-b
S3

S0
S1S0S0E 0

S1

PIM S M R e g iste r in g
S ource Reg isters First
PIM S M R e g iste r in g
S ource Reg isters First

135135135© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

r t r - b>show ip mroute 224.1.1.1

Group 224.1.1.1 not found.

r t r - b>show ip mroute 224.1.1.1

Group 224.1.1.1 not found.

S tate in “rtr-b” bef o re any  so urce registers
( w i t h  r e c e i v e r s  o n  Sh a r e d  T r e e )

rt r-a

R P

rt r-b

PIM S M R e g iste r in g
S ource Reg isters First

rt r-c
S3

S0
S1S0S0E 0

S1
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136136136© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

r t r - a>show ip mroute 224.1.1.1

Group 224.1.1.1 not found.

S tate in “rtr-a” bef o re any  so urce registers
( w i t h  r e c e i v e r s  o n  Sh a r e d  T r e e )

rt r-a

R P

rt r-b

PIM S M R e g iste r in g
S ource Reg isters First

rt r-c
S3

S0
S1S0S0E 0

S1

137137137© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

11

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

rt r-a

R P
So urce

1 7 1 . 6 8 . 3 7 . 1 2 1  rt r-b

PIM S M R e g iste r in g
S ource Reg isters First

• “Source” beg ins sending  g roup G traf f ic. 11

rt r-c
S3

S0
S1S0S0E 0

S1

138138138© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

(*, 224.1.1.1), 00:00:03/00:02:56, RP 171.68.28.140, flags: SP
Incoming interface: Serial0, RPF nbr 171.68.28.191,
Outgoing interface list: Null

(171.68.37.121/32, 224.1.1.1), 00:00:03/00:02:56, flags: FPT
Incoming interface: Ethernet0, RPF nbr 0.0.0.0, 
Outgoing interface list: Null

(*, 224.1.1.1), 00:00:03/00:02:56, RP 171.68.28.140, flags: SP
Incoming interface: Serial0, RPF nbr 171.68.28.191,
Outgoing interface list: Null

(171.68.37.121/32, 224.1.1.1), 00:00:03/00:02:56, flags: FPT
Incoming interface: Ethernet0, RPF nbr 0.0.0.0, 
Outgoing interface list: Null

“rtr-a” creates ( S ,  G )  state f o r so urce
(After automatically creating a (*, G) entry)

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

So urce
1 7 1 . 6 8 . 3 7 . 1 2 1  rt r-a

R P

rt r-b

PIM S M R e g iste r in g
S ource Reg isters First

• “rtr-a” encapsulates pack ets in R eg isters; unicasts to R P .22

R eg i s t er M s g s22

• “Source” beg ins sending  g roup G traf f ic. 11

Regi st er i ng
FPT

rt r-c
S3

S0
S1S0S0E 0

S1
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“R P ” p ro cesses R egister;  creates ( S ,  G )  state
( Af t e r  a u t o m a t i c a lly  c r e a t i n g  t h e  ( * ,  G )  e n t r y )

(*, 224.1.1.1), 00:01:15/00:01:45, RP 171.68.28.140, flags: S
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

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

R eg i s t er M s g s

So urce
1 7 1 . 6 8 . 3 7 . 1 2 1  rt r-a

R P

rt r-b

PIM S M R e g iste r in g
S ource Reg isters First

1 7 1 . 6 8 . 2 8 . 1 3 9

• “rtr-c” (R P )  h as no receiv ers on Sh ared T ree; discards pack et.33

33
rt r-c

S3
S0

S1S0S0E 0
S1

140140140© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

• R P  sends “R eg ister-Stop” to “rtr-a”.44

R P

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

R eg i s t er M s g s

So urce
1 7 1 . 6 8 . 3 7 . 1 2 1  

R eg i s t er-St o p 44

rt r-c

• “rtr-c” (R P )  h as no receiv ers on Sh ared T ree; discards pack et.33

PIM S M R e g iste r in g
S ource Reg isters First
PIM S M R e g iste r in g
S ource Reg isters First

rt r-c
S3

S0
S1S0S0E 0

S1rt r-a rt r-b

141141141© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

R P

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

So urce
1 7 1 . 6 8 . 3 7 . 1 2 1  

55

• “rtr-a” stops encapsulating  traf f ic in R eg ister Messag es;
drops pack ets f rom  Source.

55
• R P  sends “R eg ister-Stop” to “rtr-a”.44
• “rtr-c” (R P )  h as no receiv ers on Sh ared T ree; discards pack et.33

PIM S M R e g iste r in g
S ource Reg isters First
PIM S M R e g iste r in g
S ource Reg isters First

rt r-c
S3

S0
S1S0S0E 0

S1rt r-a rt r-b



Copyright © 2 0 0 3 ,  Cis c o S ys te m s ,  I n c .  A l l  rights  re s e rv e d .  P rin te d  in  U S A .
P re s e n ta tion _ I D . s c r

142142142© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

(*, 224.1.1.1), 00:01:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial0, RPF nbr 171.68.28.191,
Outgoing interface list: Null

(171.68.37.121/32, 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

(*, 224.1.1.1), 00:01:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial0, RPF nbr 171.68.28.191,
Outgoing interface list: Null

(171.68.37.121/32, 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

S tate in “rtr-a” af ter R egistering
( w i t h o u t  r e c e i v e r s  o n  Sh a r e d  T r e e )

R P
So urce

1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

PIM S M R e g iste r in g
S ource Reg isters First
PIM S M R e g iste r in g
S ource Reg isters First

rt r-c
S3

S0
S1S0S0E 0

S1rt r-a rt r-b

143143143© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

r t r - b>show ip mroute 224.1.1.1

Group 224.1.1.1 not found.

r t r - b>show ip mroute 224.1.1.1

Group 224.1.1.1 not found.

S tate in “rtr-b” af ter “rtr-a” R egisters
( w i t h o u t  r e c e i v e r s  o n  Sh a r e d  T r e e )

R P
So urce

1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

rt r-c

PIM S M R e g iste r in g
S ource Reg isters First
PIM S M R e g iste r in g
S ource Reg isters First

rt r-c
S3

S0
S1S0S0E 0

S1rt r-a rt r-b

144144144© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

S tate in “R P ” af ter “rtr-a” R egisters
( w i t h o u t  r e c e i v e r s  o n  Sh a r e d  T r e e )

(*, 224.1.1.1), 00:01:15/00:01:45, RP 171.68.28.140, flags: S
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

(*, 224.1.1.1), 00:01:15/00:01:45, RP 171.68.28.140, flags: S
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

R P
So urce

1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s 1 7 1 . 6 8 . 2 8 . 1 3 9

PIM S M R e g iste r in g
S ource Reg isters First
PIM S M R e g iste r in g
S ource Reg isters First

rt r-c
S3

S0
S1S0S0E 0

S1rt r-a rt r-b
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rt r-c
S3

S0
S1S0S0E 0

S1

R P

• R P  (“rtr-c”)  receiv es (* ,  G)  J oin f rom  a receiv er on Sh ared T ree. 66

(* ,  G)  J o i n 66

So urce
1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

R eceivers begin j o ining th e S h ared T ree 

PIM S M R e g iste r in g
S ource Reg isters First
PIM S M R e g iste r in g
S ource Reg isters First

rt r-a rt r-b

146146146© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

“R P ” p ro cesses ( * , G )  J o in
(Ad d s  S erial1  to O utgoing I nterface L is ts )

(*, 224.1.1.1), 00:09:21/00:02:38, RP 171.68.28.140, flags: S
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list:

(171.68.37.121/32, 224.1.1.1, 00:01:15/00:02:46, flags: T
Incoming interface: Serial3, RPF nbr 171.68.28.139,
Outgoing interface list:

R P
So urce

1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

PIM S M R e g iste r in g
S ource Reg isters First
PIM S M R e g iste r in g
S ource Reg isters First

rt r-c
S3

S0
S1S0S0E 0

S1

Ser i al 1,  For war d/ Spar se,  00: 00: 14/ 00: 02: 46

Ser i al 1,  For war d/ Spar se,  00: 00: 14/ 00: 02: 46

J o i n 77

• R P  sends (S, G)  J oins f or all k now n Sources in Group.77

rt r-a rt r-b

147147147© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

“rtr-b” p ro cesses J o in,  creates ( S ,  G )  state
( Af t e r  a u t o m a t i c a lly  c r e a t i n g  t h e  ( * ,  G )  e n t r y )

(*, 224.1.1.1), 00:04:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial1, RPF nbr 171.68.28.140,
Outgoing interface list: Null

(171.68.37.121/32, 224.1.1.1), 00:04:28/00:01:32, flags: 
Incoming interface: Serial0, RPF nbr 171.68.28.190
Outgoing interface list:

Serial1, Forward/Sparse, 00:04:28/00:01:32

(*, 224.1.1.1), 00:04:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial1, RPF nbr 171.68.28.140,
Outgoing interface list: Null

(171.68.37.121/32, 224.1.1.1), 00:04:28/00:01:32, flags: 
Incoming interface: Serial0, RPF nbr 171.68.28.190
Outgoing interface list:

Serial1, Forward/Sparse, 00:04:28/00:01:32

R P
So urce

1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

1 7 1 . 6 8 . 2 8 . 1 9 0

• “rtr-b” sends (S, G)  J oin tow ard Source to continue building  SP T .88

J o i n S088

rt r-c
S3S1S0S0E 0

• R P  sends (S, G)  J oins f or all k now n Sources in Group.77

PIM S M R e g iste r in g
S ource Reg isters First
PIM S M R e g iste r in g
S ource Reg isters First

S0 S1

J o i n 77

rt r-a rt r-b
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(*, 224.1.1.1), 00:04:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial0, RPF nbr 171.68.28.191,
Outgoing interface list: Null

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

(*, 224.1.1.1), 00:04:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial0, RPF nbr 171.68.28.191,
Outgoing interface list: Null

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

“rtr-a” p ro cesses th e ( S ,  G )  J o in;  adds S erial 0  to  O I L
Ser i al 0,  For war d/ Spar se,  00: 04: 28/ 00: 01: 32

R P
So urce

1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

PIM S M R e g iste r in g
S ource Reg isters First
PIM S M R e g iste r in g
S ource Reg isters First

rt r-c
S3

S0
S1S0S0E 0

S1

99

• R P  beg ins receiv ing  (S, G)  traf f ic dow n SP T .99

1010 (* ,  2 2 4 . 1 . 1 . 1 )
M cas t T raf f i c

1010• R P  f orw ards (S, G)  traf f ic dow n Sh ared T ree to receiv ers.1010

rt r-a rt r-b

149149149© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

(*, 224.1.1.1), 00:04:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial1, RPF nbr 171.68.28.140,
Outgoing interface list: Null

(171.68.37.121/32, 224.1.1.1), 00:04:28/00:01:32, flags: T
Incoming interface: Serial0, RPF nbr 171.68.28.190
Outgoing interface list:

Serial1, Forward/Sparse, 00:04:28/00:01:32

(*, 224.1.1.1), 00:04:28/00:01:32, RP 171.68.28.140, flags: SP
Incoming interface: Serial1, RPF nbr 171.68.28.140,
Outgoing interface list: Null

(171.68.37.121/32, 224.1.1.1), 00:04:28/00:01:32, flags: T
Incoming interface: Serial0, RPF nbr 171.68.28.190
Outgoing interface list:

Serial1, Forward/Sparse, 00:04:28/00:01:32

F inal  state in “rtr-b” af ter R eceivers J o in

R P
So urce

1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

(* ,  2 2 4 . 1 . 1 . 1 )
M cas t T raf f i c1 7 1 . 6 8 . 2 8 . 1 9 0

PIM S M R e g iste r in g
S ource Reg isters First
PIM S M R e g iste r in g
S ource Reg isters First

rt r-c
S3

S0
S1S0S0E 0

S1rt r-a rt r-b

150150150© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

F inal  state in “R P ” af ter R eceivers J o in

(*, 224.1.1.1), 00:09:21/00:02:38, RP 171.68.28.140, flags: S
Incoming interface: Null, RPF nbr 0.0.0.0,
Outgoing interface list:

Serial1, Forward/Sparse, 00:03:14/00:02:46

(171.68.37.121/32, 224.1.1.1, 00:01:15/00:02:46, flags: T
Incoming interface: Serial3, RPF nbr 171.68.28.139,
Outgoing interface list:

Serial1, Forward/Sparse, 00:00:49/00:02:11

R P
So urce

1 7 1 . 6 8 . 3 7 . 1 2 1  

(1 7 1 . 6 8 . 3 7 . 1 2 1 ,   2 2 4 . 1 . 1 . 1 )
M cas t Pack et s

(* ,  2 2 4 . 1 . 1 . 1 )
M cas t T raf f i c

1 7 1 . 6 8 . 2 8 . 1 3 9

PIM S M R e g iste r in g
S ource Reg isters First
PIM S M R e g iste r in g
S ource Reg isters First

rt r-c
S3

S0
S1S0S0E 0

S1rt r-a rt r-b
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PIM-S M Pr o to co l Me ch an ics

• PI M  SM  St a t e
• PI M  SM  F orw a rd i n g
• PI M  SM  Joi n i n g
• PI M  SM  R eg i s t eri n g
•• PI M  SM  SPTPI M  SM  SPT --Sw i t c h ov erSw i t c h ov er
• PI M  SM  Pru n i n g

152152152© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

PIM S M S PT -S w itch o v e r

• SP T  T h resh olds m ay  be set f or any  Group
A ccess L ists m ay be used  to specify w h ich  Groups
D efault T h resh old  = 0 k bps ( I .e. im m ed iately j oin  SP T )
T h resh old  = “in fin ity” m ean s “n ever j oin  SP T ”.

• T h resh old trig g ers J oin of  Source T ree
Sen d s an  ( S, G)  J oin  up SP T  for n ex t “S” in  “G” pack et received .

• P ros
R ed uces N etw ork  L aten cy

• Cons
More ( S, G)  state m ust be stored  in  th e routers.

153153153© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

O nce each  s eco nd
C omp u t e n ew  ( * ,  G)  t ra f f i c  ra t e
I f  t h res h old  ex c eed ed ,  s et  “J” f la g  i n  ( * ,  G)

F o r  each  ( Si ,  G )  p ack et r eceiv ed :
I f  “J” f la g  s et  i n  ( * ,  G)

Joi n  SPT   f or ( Si ,  G)  
M a rk  ( Si ,  G)  en t ry  w i t h  “J” f la g
C lea r “J” f la g  i n  ( * , G)

O nce each  s eco nd
C omp u t e n ew  ( * ,  G)  t ra f f i c  ra t e
I f  t h res h old  ex c eed ed ,  s et  “J” f la g  i n  ( * ,  G)

F o r  each  ( Si ,  G )  p ack et r eceiv ed :
I f  “J” f la g  s et  i n  ( * ,  G)

Joi n  SPT   f or ( Si ,  G)  
M a rk  ( Si ,  G)  en t ry  w i t h  “J” f la g
C lea r “J” f la g  i n  ( * , G)

SPT-Sw i t c h o v e r  M e c h a n i s m

PIM S M S PT -S w itch o v e r
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S tate in “rtr-c” bef o re sw itch

(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: S
Incoming interface: Serial0, RPF nbr 10.1.5.1,
Outgoing interface list:

Serial1, Forward/Sparse, 00:01:43/00:02:11
Serial2, Forward/Sparse, 00:00:32/00:02:28

E0
S0

rtr-a

rtr-b

S1

E0
E1

R cv r A

1 0 . 1 . 2 . 2
1 0 . 1 . 2 . 1

1 0 . 1 . 4 . 2

S1
1 0 . 1 . 4 . 1

rtr-c
T o  So u r c e  “Si”

T o  R P  ( 10.1.5.1)
S0

E0

R cv r B

rtr-d

S2

S0

PIM S M S PT -S w itch o v e r

(Si,  G)  T raf f i c Fl o w
Sh ared  (R PT )  T ree
SPT  T ree
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S tate in “rtr-d” bef o re sw itch

(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: SC
Incoming interface: Serial0, RPF nbr 10.1.4.8,
Outgoing interface list:

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

E0
S0

rtr-a

rtr-b

S1

E0
E1

R cv r A

1 0 . 1 . 2 . 2
1 0 . 1 . 2 . 1

1 0 . 1 . 4 . 2

S1
1 0 . 1 . 4 . 1

rtr-c
T o  So u r c e  “Si”

T o  R P  ( 10.1.5.1)
S0

E0

R cv r B

rtr-d

S2

S0

PIM S M S PT -S w itch o v e r

(Si,  G)  T raf f i c Fl o w
Sh ared  (R PT )  T ree
SPT  T ree
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(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: S
Incoming interface: Serial0, RPF nbr 10.1.4.1,
Outgoing interface list:

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

S tate in “rtr-a” bef o re sw itch

E0
S0

rtr-a

rtr-b

S1

E0
E1

R cv r A

1 0 . 1 . 2 . 2
1 0 . 1 . 2 . 1

1 0 . 1 . 4 . 2

S1
1 0 . 1 . 4 . 1

rtr-c
T o  So u r c e  “Si”

T o  R P  ( 10.1.5.1)
S0

E0

R cv r B

rtr-d

S2

S0

PIM S M S PT -S w itch o v e r

(Si,  G)  T raf f i c Fl o w
Sh ared  (R PT )  T ree
SPT  T ree
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S tate in “rtr-b” bef o re sw itch

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

Ethernet1, Forward/Sparse, 00:01:43/00:02:11

E0
S0

rtr-a

rtr-b

S1

E0
E1

R cv r A

1 0 . 1 . 2 . 2
1 0 . 1 . 2 . 1

1 0 . 1 . 4 . 2

S1
1 0 . 1 . 4 . 1

rtr-c
T o  So u r c e  “Si”

T o  R P  ( 10.1.5.1)
S0

E0

R cv r B

rtr-d

S2

S0

PIM S M S PT -S w itch o v e r

(Si,  G)  T raf f i c Fl o w
Sh ared  (R PT )  T ree
SPT  T ree
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(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: SC 
Incoming interface: Ethernet0, RPF nbr 10.1.2.1,
Outgoing interface list:

Ethernet1, Forward/Sparse, 00:01:43/00:02:11

Group “G” rate ex ceeds SP T  T h resh old at “rtr-b”;11
Set J  F lag  in (* ,  G)  and w ait f or nex t (Si , G)  pack et.22

22

PIM S M S PT -S w itch o v e r

J

E0
S0

rtr-a

rtr-b

S1

E0
E1

R cv r A

1 0 . 1 . 2 . 2
1 0 . 1 . 2 . 1

1 0 . 1 . 4 . 2

S1
1 0 . 1 . 4 . 1

rtr-c
T o  So u r c e  “Si”

T o  R P  ( 10.1.5.1)
S0

E0

R cv r B

rtr-d

S2

S0

(Si,  G)  T raf f i c Fl o w
Sh ared  (R PT )  T ree
SPT  T ree

Gro up  “G” rat e >  T h res h o l d11
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(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: SC 
Incoming interface: Ethernet0, RPF nbr 10.1.2.1,
Outgoing interface list:

Ethernet1, Forward/Sparse, 00:01:43/00:02:11

J

PIM S M S PT -S w itch o v e r

(Si , G)  pack et arriv es dow n Sh ared tree.33
Clear J  F lag  in th e (* , G)  &  create (Si , G)  state.44

44

33

E0
S0

rtr-a

rtr-b

S1

E0
E1

R cv r A

1 0 . 1 . 2 . 2
1 0 . 1 . 2 . 1

1 0 . 1 . 4 . 2

S1
1 0 . 1 . 4 . 1

rtr-c
T o  So u r c e  “Si”

T o  R P  ( 10.1.5.1)
S0

E0

R cv r B

rtr-d

S2

S0

(Si,  G)  T raf f i c Fl o w
Sh ared  (R PT )  T ree
SPT  T ree
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N ew  S tate in “rtr-b”

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

Ethernet1, Forward/Sparse, 00:01:43/00:02:11

(171.68.37.121/32, 224.1.1.1), 00:13:28/00:02:53, flags: CJT
Incoming interface: Ethernet0, RPF nbr 10.1.2.1
Outgoing interface list:

Ethernet1, Forward/Sparse, 00:13:28/00:02:53

PIM S M S PT -S w itch o v e r

E0
S0

rtr-a

rtr-b

S1

E0
E1

R cv r A

1 0 . 1 . 2 . 2
1 0 . 1 . 2 . 1

1 0 . 1 . 4 . 2

S1
1 0 . 1 . 4 . 1

rtr-c
T o  So u r c e  “Si”

T o  R P  ( 10.1.5.1)
S0

E0

R cv r B

rtr-d

S2

S0

(Si,  G)  T raf f i c Fl o w
Sh ared  (R PT )  T ree
SPT  T ree

J  Fla g  i n d i c a t e s
( S,  G )  c r e a t e d  b y
e x c e e d i n g  t h e
SP T -t h r e s h o l d

CJT
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PIM S M S PT -S w itch o v e r

55 Send (Si , G)  J oin tow ards Si .

E0
S0

rtr-a

rtr-b

S1

E0
E1

R cv r A

1 0 . 1 . 2 . 2
1 0 . 1 . 2 . 1

1 0 . 1 . 4 . 2

S1
1 0 . 1 . 4 . 1

rtr-c
T o  So u r c e  “Si”

T o  R P  ( 10.1.5.1)
S0

E0

R cv r B

rtr-d

S2

S0

(Si,  G)  T raf f i c Fl o w
Sh ared  (R PT )  T ree
SPT  T ree

(Si, G)  J o i n55
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(Si,  G)  T raf f i c Fl o w
Sh ared  (R PT )  T ree
SPT  T ree

(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: S
Incoming interface: Serial0, RPF nbr 10.1.4.1,
Outgoing interface list:

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

(171.68.37.121/32, 224.1.1.1), 00:13:28/00:02:53, flags: T
Incoming interface: Serial1, RPF nbr 10.1.9.2
Outgoing interface list:

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

N ew  state in “rtr-a”

PIM S M S PT -S w itch o v e r

E0
S0

rtr-a

rtr-b

S1

E0
E1

R cv r A

1 0 . 1 . 2 . 2
1 0 . 1 . 2 . 1

1 0 . 1 . 4 . 2

S1
1 0 . 1 . 4 . 1

rtr-c
T o  So u r c e  “Si”

T o  R P  ( 10.1.5.1)
S0

E0

R cv r B

rtr-d

S2

S0
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PIM S M S PT -S w itch o v e r

“rtr-a” f orw ards (Si , G)  J oin tow ard Si.66

(Si , G)  J o i n66

SP T  &  R P T  div erg e,  trig g ering  (Si , G) R P -bit P runes tow ard R P .77

(Si, G) R P-bi t  Prune77

E0
S0

rtr-a

rtr-b

S1

E0
E1

R cv r A

1 0 . 1 . 2 . 2
1 0 . 1 . 2 . 1

1 0 . 1 . 4 . 2

S1
1 0 . 1 . 4 . 1

rtr-c
T o  So u r c e  “Si”

T o  R P  ( 10.1.5.1)
S0

E0

R cv r B

rtr-d

S2

S0

(Si,  G)  T raf f i c Fl o w
Sh ared  (R PT )  T ree
SPT  T ree
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PIM S M S PT -S w itch o v e r

(Si ,  G)  traf f ic beg ins f low ing  dow n SP T  tree.88

(Si, G)  T raf f i c88
E0

S0

rtr-a

rtr-b

S1

E0
E1

R cv r A

1 0 . 1 . 2 . 2
1 0 . 1 . 2 . 1

1 0 . 1 . 4 . 2

S1
1 0 . 1 . 4 . 1

rtr-c
T o  So u r c e  “Si”

T o  R P  ( 10.1.5.1)
S0

E0

R cv r B

rtr-d

S2

S0

(Si,  G)  T raf f i c Fl o w
Sh ared  (R PT )  T ree
SPT  T ree
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E0

R cv r B

(Si,  G)  T raf f i c Fl o w
Sh ared  (R PT )  T ree
SPT  T ree

(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: S
Incoming interface: Serial0, RPF nbr 10.1.5.1,
Outgoing interface list:

Serial1, Forward/Sparse, 00:01:43/00:02:11
Serial2, Forward/Sparse, 00:00:32/00:02:28

(171.68.37.121/32, 224.1.1.1), 00:13:28/00:02:53, flags: R
Incoming interface: Ser i al 0,  RPF nbr 10. 1. 5. 1
Outgoing interface list:

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

S tate in “rtr-c” af ter receiving th e ( S i ,  G ) R P -bit P rune

PIM S M S PT -S w itch o v e r

E0
S0

rtr-a

rtr-b

S1

E0
E1

R cv r A

1 0 . 1 . 2 . 2
1 0 . 1 . 2 . 1

1 0 . 1 . 4 . 2

S1
1 0 . 1 . 4 . 1

rtr-c
T o  So u r c e  “Si”

T o  R P  ( 10.1.5.1)
S0

rtr-d

S2

S0
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PIM S M S PT -S w itch o v e r

E0
S0

rtr-a

rtr-b

S1

E0
E1

R cv r A

1 0 . 1 . 2 . 2
1 0 . 1 . 2 . 1

1 0 . 1 . 4 . 2

S1
1 0 . 1 . 4 . 1

rtr-c
T o  So u r c e  “Si”

T o  R P  ( 10.1.5.1)
S0

E0

R cv r B

rtr-d

S2

S0

(Si,  G)  T raf f i c Fl o w
Sh ared  (R PT )  T ree
SPT  T ree

• U nnecessary  (Si ,  G)  traf f ic is pruned f rom  th e Sh ared tree.99

99
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PIM S M S PT -S w itch o v e r

E0
S0

rtr-a

rtr-b

S1

E0
E1

R cv r A

1 0 . 1 . 2 . 2
1 0 . 1 . 2 . 1

1 0 . 1 . 4 . 2

S1
1 0 . 1 . 4 . 1

rtr-c
T o  So u r c e  “Si”

T o  R P  ( 10.1.5.1)
S0

E0

R cv r B

rtr-d

S2

S0

(Si,  G)  T raf f i c Fl o w
Sh ared  (R PT )  T ree
SPT  T ree

• U nnecessary  (Si ,  G)  traf f ic is pruned f rom  th e Sh ared tree.99

• (Si ,  G)  traf f ic still f low s v ia oth er branch es of  th e Sh ared tree.1010

1010
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Sh a r e d  Tr e e  Sw i t c h b a c k  M e c h a n i s m

PIM S M S PT -S w itch o v e r

• O nce each  s eco nd  w h en th e ( S, G )  s tate 
is  o l d er  th an 1  m inu te

I f  “J” f la g  s et  i n  ( Si  ,  G)  en t ry
C omp u t e n ew  ( Si  ,  G)  t ra f f i c  
ra t e
I f  ra t e <  SPT -t h res h old
R ej oi n  ( * ,  G)  T ree f or ( Si  ,  G)  
t ra f f i c
Sen d  ( Si  ,  G)  p ru n e u p  SPT  
t ow a rd  Si  
D elet e ( Si  ,  G)  en t ry

• O nce each  s eco nd  w h en th e ( S, G )  s tate 
is  o l d er  th an 1  m inu te

I f  “J” f la g  s et  i n  ( Si  ,  G)  en t ry
C omp u t e n ew  ( Si  ,  G)  t ra f f i c  
ra t e
I f  ra t e <  SPT -t h res h old
R ej oi n  ( * ,  G)  T ree f or ( Si  ,  G)  
t ra f f i c
Sen d  ( Si  ,  G)  p ru n e u p  SPT  
t ow a rd  Si  
D elet e ( Si  ,  G)  en t ry
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PIM-S M Pr o to co l Me ch an ics

• PI M  SM  St a t e
• PI M  SM  F orw a rd i n g
• PI M  SM  Joi n i n g
• PI M  SM  R eg i s t eri n g
• PI M  SM  SPT -Sw i t c h ov er
•• PI M  SM  Pru n i n gPI M  SM  Pru n i n g

170170170© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

• I G M P g r o u p  t i m e s  o u t  /  l a s t  h o s t  s e n d s  L e a v e
• I n t e r f a c e  r e m o v e d  f r o m  a l l  ( * , G )  a n d  ( S, G )  e n t r i e s

– I F  al l  interf aces in “oilist” f o r ( * , G )  are p runed;  
T H E N  send P rune up  sh ared tree to w ard R P

– Any  ( S ,  G )  state al l o w ed to  tim e-o ut
• E a c h  r o u t e r  a l o n g  p a t h  “p r u n e s ” i n t e r f a c e

– I F  al l  interf aces in “oilist” f o r ( * , G )  are p runed;  
T H E N  send P rune up  sh ared tree to w ard R P

– Any  ( S ,  G )  state al l o w ed to  tim e-o ut

PIM S M Pr un in g
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(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: SC
Incoming interface: Ethernet0, RPF nbr 10.1.2.1,
Outgoing interface list:

Ethernet1, Forward/Sparse, 00:01:43/00:02:11

S tate in “rtr-b” bef o re P runing

S0 rtr-a

rtr-b

S1

E0
E1

R cv r A

T o  R P  ( 10.1.5.1)

1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2 E0(Si,  G)  T raf f i c Fl o w

Sh ared  T ree
SPT  T ree

PIM S M Pr un in g  
Shared Tree Case
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(*, 224.1.1.1), 00:01:43/00:02:13, RP 10.1.5.1, flags: S
Incoming interface: Serial0, RPF nbr 10.1.4.1,
Outgoing interface list:

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

S tate in “rtr-a” bef o re P runing

S0 rtr-a

rtr-b

S1

E0
E1

R cv r A

T o  R P  ( 10.1.5.1)

E0(Si,  G)  T raf f i c Fl o w
Sh ared  T ree
SPT  T ree

PIM S M Pr un in g  
Shared Tree Case

1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2
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“rtr-b” is a L eaf  router.  L ast h ost “R cv r A”,  leav es g roup G. 11

S0 rtr-a

rtr-b

S1

E0
E1

R cv r A

T o  R P  ( 10.1.5.1)

IGM P L eav e11

“rtr-b” rem ov es E 1 f rom  (* , G)  and any  (Si , G)  “o i l i s t s ”.22

22

XX
“rtr-b” (* , G)  “o i l i s t ” now  em pty ; sends (* , G)  P rune tow ard R P .33

(* , G)  Prune33

E0(Si,  G)  T raf f i c Fl o w
Sh ared  T ree
SPT  T ree

PIM S M Pr un in g  
Shared Tree Case

1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2
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“rtr-a” receiv es P rune; rem ov es E 0  f rom  (* , G)  “o i l i s t ”.
( Af t e r  t h e  3 s e c o n d  M u lt i -a c c e s s  N e t w o r k  P r u n e  d e l a y .)

44

44

“rtr-a” (* , G)  “o i l i s t ” now  em pty ; send (* , G)  P rune tow ard R P .55

(* , G)  Prune
55

P runing  continues back  tow ard R P .66

PIM S M Pr un in g  
Shared Tree Case

S0 rtr-a

rtr-b

S1

E0
E1

T o  R P  ( 10.1.5.1)

E0(Si,  G)  T raf f i c Fl o w
Sh ared  T ree
SPT  T ree 1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2

XX
XX

66
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(*, 224.1.1.1), 00:01:43/00:02:59, RP 10.1.5.1, flags: SC
Incoming interface: Ethernet0, RPF nbr 10.1.2.1,
Outgoing interface list:

Ethernet1, Forward/Sparse, 00:01:43/00:02:11

(171.68.37.121/32, 224.1.1.1), 00:01:05/00:01:55, flags: CJT
Incoming interface: Ethernet0, RPF nbr 10.1.2.1
Outgoing interface list:

Ethernet1, Forward/Sparse, 00:01:05/00:02:55

(*, 224.1.1.1), 00:01:43/00:02:59, RP 10.1.5.1, flags: SC
Incoming interface: Ethernet0, RPF nbr 10.1.2.1,
Outgoing interface list:

Ethernet1, Forward/Sparse, 00:01:43/00:02:11

(171.68.37.121/32, 224.1.1.1), 00:01:05/00:01:55, flags: CJT
Incoming interface: Ethernet0, RPF nbr 10.1.2.1
Outgoing interface list:

Ethernet1, Forward/Sparse, 00:01:05/00:02:55

S tate in “rtr-b” bef o re P runing

S0 rtr-a

rtr-b

S1

E0
E1

R cv r A

T o  R P  ( 10.1.5.1)

E0

T o  So u r c e  “Si”

(Si,  G)  T raf f i c Fl o w
Sh ared  T ree
SPT  T ree 1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2

PIM S M Pr un in g
So u rc e ( SP T)  Case
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(*, 224.1.1.1), 00:01:43/00:02:59, RP 10.1.5.1, flags: S
Incoming interface: Serial0, RPF nbr 10.1.4.1,
Outgoing interface list:

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

(171.68.37.121/32, 224.1.1.1), 00:01:05/00:01:55, flags: T
Incoming interface: Serial1, RPF nbr 10.1.9.2
Outgoing interface list:

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

S tate in “rtr-a” bef o re P runing

PIM S M Pr un in g
So u rc e ( SP T)  Case

S0 rtr-a

rtr-b

S1

E0
E1

R cv r A

T o  R P  ( 10.1.5.1)

E0

T o  So u r c e  “Si”

(Si,  G)  T raf f i c Fl o w
Sh ared  T ree
SPT  T ree 1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2
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“rtr-b” is a L eaf  router.  L ast h ost “R cv r A”,  leav es g roup G. 11

IGM P L eav e11

“rtr-b” rem ov es E 1 f rom  (* , G)  and any  (Si , G)  “o i l i s t s ”.22

22

“rtr-b” (* , G)  “o i l i s t ” now  em pty ; sends (* , G)  P rune tow ard R P .33

(* , G)  Prune33

PIM S M Pr un in g
So u rc e ( SP T)  Case

S0 rtr-a

rtr-b

S1

E0
E1

R cv r A

T o  R P  ( 10.1.5.1)

E0

T o  So u r c e  “Si”

(Si,  G)  T raf f i c Fl o w
Sh ared  T ree
SPT  T ree 1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2

XX
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“rtr-b” stops sending  periodic (S,  G)  j oins.44

“rtr-b” is a L eaf  router.  L ast h ost “R cv r A”,  leav es g roup G. 11

“rtr-b” rem ov es E 1 f rom  (* , G)  and any  (Si , G)  “o i l i s t s ”.22
“rtr-b” (* , G)  “o i l i s t ” now  em pty ; sends (* , G)  P rune tow ard R P .33

PIM S M Pr un in g
So u rc e ( SP T)  Case

S0 rtr-a

rtr-b

S1

E0
E1

R cv r A

T o  R P  ( 10.1.5.1)

E0

T o  So u r c e  “Si”

(Si,  G)  T raf f i c Fl o w
Sh ared  T ree
SPT  T ree 1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2

XX

Peri o d i c
(S,  G)  J o i n44

XX
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“rtr-a” receiv es P rune; rem ov es E 0  f rom  (* , G)  “o i l i s t ”.
( Af t e r  t h e  3 s e c o n d  M u lt i a c c e s s N e t w o r k  P r u n e  d e la y .)

55

55

“rtr-a” (* , G)  “o i l i s t ” now  em pty ; sends (* , G)  P rune tow ard R P .66

(* , G)  Prune
66

PIM S M Pr un in g
So u rc e ( SP T)  Case

S0 rtr-a

rtr-b

S1

E0
E1

T o  R P  ( 10.1.5.1)

E0

T o  So u r c e  “Si”

(Si,  G)  T raf f i c Fl o w
Sh ared  T ree
SPT  T ree 1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2

XX
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(*, 224.1.1.1), 00:02:32/00:02:59, RP 10.1.5.1, flags: SP
Incoming interface: Ethernet0, RPF nbr 10.1.2.1,
Outgoing interface list:

(171.68.37.121/32, 224.1.1.1), 00:01:56/00:00:53, flags: PT
Incoming interface: Ethernet0, RPF nbr 10.1.2.1
Outgoing interface list:

S tate in “rtr-b” af ter P runing

PIM S M Pr un in g
So u rc e ( SP T)  Case

S0 rtr-a

rtr-b

S1

E0
E1

T o  R P  ( 10.1.5.1)

E0

T o  So u r c e  “Si”

(Si,  G)  T raf f i c Fl o w
Sh ared  T ree
SPT  T ree 1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2
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(*, 224.1.1.1), 00:02:32/00:02:59, RP 10.1.5.1, flags: SP
Incoming interface: Serial0, RPF nbr 10.1.4.1,
Outgoing interface list:

(171.68.37.121/32, 224.1.1.1), 00:01:56/00:00:53, flags: PT
Incoming interface: Serial1, RPF nbr 10.1.9.2
Outgoing interface list:

(*, 224.1.1.1), 00:02:32/00:02:59, RP 10.1.5.1, flags: SP
Incoming interface: Serial0, RPF nbr 10.1.4.1,
Outgoing interface list:

(171.68.37.121/32, 224.1.1.1), 00:01:56/00:00:53, flags: PT
Incoming interface: Serial1, RPF nbr 10.1.9.2
Outgoing interface list:

S tate in “rtr-a” af ter P runing

PIM S M Pr un in g
So u rc e ( SP T)  Case

S0 rtr-a

rtr-b

S1

E0
E1

T o  R P  ( 10.1.5.1)

E0

T o  So u r c e  “Si”

(Si,  G)  T raf f i c Fl o w
Sh ared  T ree
SPT  T ree 1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2
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Anoth er (Si , G)  data pack et arriv es v ia Serial1.77

‘rtr-a’ responds by  sending  an (Si , G)  P rune tow ard source.88

(Si, G)  Dat a 77

PIM S M Pr un in g
So u rc e ( SP T)  Case

S0 rtr-a

rtr-b

S1

E0
E1

T o  R P  ( 10.1.5.1)

E0

T o  So u r c e  “Si”

(Si,  G)  T raf f i c Fl o w
Sh ared  T ree
SPT  T ree 1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2

(Si, G)  Prune88
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99

(Si , G)  traf f ic ceases f low ing  dow n SP T .99

PIM S M Pr un in g
So u rc e ( SP T)  Case

S0 rtr-a

rtr-b

S1

E0
E1

T o  R P  ( 10.1.5.1)

E0

T o  So u r c e  “Si”

(Si,  G)  T raf f i c Fl o w
Sh ared  T ree
SPT  T ree 1 0 . 1 . 2 . 2

1 0 . 1 . 2 . 1
1 0 . 1 . 4 . 2

Anoth er (Si , G)  data pack et arriv es v ia Serial1.77

‘rtr-a’ responds by  sending  an (Si , G)  P rune tow ard source.88
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How does the network know about the RP ?

• St a t i c  c on f i g u ra t i on
• A u t oR P
• B SR
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S tatic R P’s

• Hard-c o de d R P  addre s s
W h e n  u s e d,  m u s t  b e  c o n f i g u re d o n  e v e ry  ro u t e r
A l l  ro u t e rs  m u s t  h av e  t h e  s am e  R P  addre s s
R P  f ai l -o v e r n o t  p o s s i b l e

E x c e p t i o n :  I f  A n y c as t  R P s  are  u s e d.   
• Co m m an d

i p pi m r p- addr ess <addr ess> [ gr oup- l i s t  <acl >]  [ over r i de]

O p t i o n al  g ro u p  l i s t  s p e c i f i e s  g ro u p  ran g e
D e f au l t :  R an g e  =  2 2 4 . 0 . 0 . 0 / 4   

O v e rri de  k e y w o rd “o v e rri de s ” A u t o -R P  i n f o rm at i o n
D e f au l t :  A u t o -R P  l e arn e d i n f o  t ak e s  p re c e de n c e
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A uto -R P O v e r v ie w

• All routers automatically learn RP address
No configuration necessary except on:

C and id ate R P s (i p p i m s e n d -r p -a n n o u n c e )
M apping A gents (i p p i m s e n d -r p -d i s c o v e r y )

• M ak es use of  M ulticast to distrib ute inf o
T w o special l y I A NA  assigned  G roups used

C isco-A nnounce - 2 2 4 . 0 . 1 . 3 9
C isco-D iscov ery - 2 2 4 . 0 . 1 . 4 0

T h ese groups norm al l y operate in D ense m od e
• Permits b ack up  RP’s to b e conf ig ured
• C an b e used w ith  Admin-S cop ing
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A uto -R P—F r o m  1 0 , 0 0 0  F e e t

Announce Announce

An
no

un
ce

An
no

un
ce

Announce Announce

An
no

un
ce

An
no

un
ce

Announce

R P-Anno uncem ent s  m ul t i cas t  t o  t h e
Ci s co  Anno unce (2 2 4 . 0 . 1 . 3 9 )  g ro up

AA

CC DDC-R P
1 . 1 . 1 . 1

C-R P
2 . 2 . 2 . 2

BB
M A M A
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CC DDC-R P
1 . 1 . 1 . 1

C-R P
2 . 2 . 2 . 2

A uto -R P—F r o m  1 0 , 0 0 0  F e e t

D i s cov er y

R P-Di s co v eri es  m ul t i cas t  t o  t h e
Ci s co  Di s co v ery  (2 2 4 . 0 . 1 . 4 0 )  g ro up

M A M A
� � � � � � � � �

� � � � � � � � �

	 
 �
� 
 � � �

�

	 
 �
� 
 � � �

�

AA

� � � � � �
� � �

� � � � � �
� � �

� � �
� �  ! "

#

� � �
� �  ! "

#

BB
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B S R  O v e r v ie w
• A  s i n g l e  B o o t s t rap  R o u t e r ( B S R )  i s  e l e c t e d

M u l t i p l e  Can di dat e  B S R ’s  ( C-B S R )  c an  b e  c o n f i g u re d
‘i p p i m b s r-c an di dat e ’

C-R P ’s  s e n d C-R P  an n o u n c e m e n t s  t o  t h e  B S R
‘i p p i m rp -c an di dat e ’
C-R P  an n o u n c e m e n t s  are  s e n t  v i a u n i c as t
B S R  s t o re s  ALL C-R P  an n o u n c e m e n t s  i n  t h e  “R P -s e t ”

B S R  p e ri o di c al l y  s e n ds  B S R  m e s s ag e s  t o  al l  ro u t e rs
B S R  M e s s ag e s  c o n t ai n  e n t i re  R P -s e t  an d I P  addre s s  o f  B S R
M e s s ag e s  are  f l o o de d h o p -b y -h o p  t h ro u g h o u t  t h e  n e t w o rk  aw ay  f ro m  t h e  B S R

A l l  ro u t e rs  s e l e c t  t h e  R P  f ro m  t h e  R P -s e t
A l l  ro u t e rs  u s e  t h e  s am e  s e l e c t i o n  al g o ri t h m ;  s e l e c t  s am e  R P

• B S R  c an n o t  b e  u s e d w i t h  A dm i n -S c o p i n g
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P I Mv 2  
Sparse Mode

P I Mv 2  
Sparse Mode

C-R P C-R P

D

E

F

G

A

B S R —F r o m  1 0 , 0 0 0  f e e t

� � � �
� � � � � 	 
 � � � � 
 	

� � 
 
 � � � 	 �
� � � �

� � � � � � � � � � �  �
! "  � # $ � � %

B C

B S RB S R
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P I Mv 2  
Sparse Mode

P I Mv 2  
Sparse Mode

C-R P C-R P

D

E

F

G

A

B S R —F r o m  1 0 , 0 0 0  f e e t

BSR Msgs

BSR MsgsBSR Msgs

BSR Msgs

BSR  M s g s  Fl o o d ed  H o p -by -H o p

B C

B S RB S R
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Agenda

• Multicast Addressing
• I nternet Group Manag em ent P rotocol (I GMP )
• Multicast F orw arding
• P I M-D ense Mode (D M)
• P I M-Sparse Mode (SM)
• P I M-Spource Specif ic Mode (SSM)
• P I M-B idirectional (B I D I R )

S2
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S o ur ce  S p e cif ic Multicast

• A ssum e a O ne-to-M any M ul ticast M od el .
E x am p l e :  V i de o / A u di o  b ro adc as t s ,  S t o c k  M ark e t  dat a

• W h y d oes P I M -S M  need  a S h ared  T ree?
S o  t h at  h o s t s  an d 1 st h o p  ro u t e rs  c an  l e arn  w h o  t h e  ac t i v e  s o u rc e  i s  f o r t h e  

g ro u p .
• W h at if th is w as al read y k now n?

Ho s t s  c o u l d u s e  I G M P v 3  t o  s i g n al  e x a c t l ye x a c t l y w h i c h  ( S , G )  S P T  t o  j o i n .
T h e  S h are d T re e  &  R P  w o u l dn ’t  b e  n e c e s s ary .
D i f f e re n t  s o u rc e s  c o u l d s h are  t h e  s am e  G ro u p  addre s s  an d n o t  i n t e rf e re  

w i t h  e ac h  o t h e r.
• R esul t: S ource S pecific M ul ticast ( S S M )
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S o ur ce  S p e cif ic Multicast
• SSM  A d v a n t a g es

Allow s im m ediate use of  sh ortest f orw arding  path  to a specif ic 
source,  w ith out need to create sh ared tree.

E lim inates dependence on MSD P  f or f inding  sources.
Sim plif ies address allocation f or g lobal,  sing le source g roups 
w h en com bined w ith  elim ination of  sh ared trees.
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IG MPv 3

• H ost send s I G M P v 3  j oin for group w h ich  can specify a l ist of sources to 
expl icity incl ud e.

• R outer ad d s m em b ersh ip
• R outer send s S , G  j oin d irectl y to sources in th e source_ l ist,  and  is not 

req uired  to send  * , G  j oin to R P  ( and  m ust not in 2 3 2 / 8 ) .

1.1.1.1

H 1 H 3
1.1.1.10 1.1.1.11 1.1.1.12

H 3J oin f or
2 3 2 .1.2 .3
source_ list

rtr-a

H 2

S, G j oin(s)
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PIM S o ur ce  S p e cif ic Mo d e

Receiver

S o u rce

O u t -o f -b a n d
s o u rce d irect o ry ,

ex a m p l e: w eb  s erver

R eceiv er l earns of source,  group/ port

BA C D

FEI G M P v3  (S ,  G )  J o i n

R eceiv er send s I G M P v 3  ( S , G )  J oin

(S ,  G )  J o i n

F irst-h op send s P I M  ( S , G )  J oin d irectl y
tow ard  S ource
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PIM S o ur ce  S p e cif ic Mo d e

R esul t: S h ortest path  tree rooted
at th e source,  w ith  no sh ared  tree.

O u t -o f -b a n d
s o u rce d irect o ry ,

ex a m p l e: w eb  s erver

Receiver

BA C D

FE

S o u rce
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S S M C o n f ig ur atio n

• Global com m and
i p pi m ssm { def aul t  |  <acl >}

D efines S S M  ad d ress range
D efaul t range =  2 3 2 . 0 . 0 . 0 / 8
U se A C L  for oth er ranges

P rev ents S h ared  T ree C reation
( * ,  G )  J oins nev er sent or processed
P I M  R egisters nev er sent or processed

A v ail ab l e b eginning in I O S  v ersions
1 2 . 1 ( 5 ) T ,  1 2 . 2 ,  1 2 . 0 ( 1 5 ) S ,  1 2 . 1 ( 8 ) E  



Copyright © 2 0 0 3 ,  Cis c o S ys te m s ,  I n c .  A l l  rights  re s e rv e d .  P rin te d  in  U S A .
P re s e n ta tion _ I D . s c r

199199199© 2 0 0 3  C i s c o  S y s t e m s ,  I n c .  A l l  r i g h t s  r e s e r v e d .P r e s e n t a t i o n _ I D

S S M – S um m ar y
• U ses Source T rees only .

H osts are responsib l e for source &  group d iscov ery.
H osts m ust signal  router w h ich  ( S , G )  to j oin.

• Solv es m ulticast address allocation problem s.
F l ow s d ifferentiated  b y bothboth source and  group.
C ontent prov id ers can use sam e group ranges.

S ince each  ( S , G )  fl ow  is uniq ue.
• H elps prev ent certain D oS attack s

“B ogus” source traffic:
C an’t consum e netw ork  b and w id th .
Not receiv ed  b y h ost appl ication.
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• C isco I O S  v al ue ad d ed  I P  S S M  b ootstrap sol utions
U RD: (U RL  Ren d ez vo u s  Direct o ry )

En a b l e ex is t i n g  receiver a p p l ica t io n s  f o r I P  S S M  via  t h e w eb .
I G M P  v3 l it e:
P ro vid e f o r a  p a rt ia l   I G M P v3  AP I  o n  I G M P v1 / v2  h o s t s .
En a b l e t o  w rit e a n d  ru n  I P  S S M  a p p l ica t io n s  N O W

• C om m on id ea of U R D  and  I G M P  v 3 l ite:
P re:
N o  I G M P v3  k ern el  s u p p o rt ,  a n  a p p l ica t io n  CAN  O N L Y  
u s e I G M P v1 / v2  g ro u p  m em b ers h ip s  o r it  w il l  n o t  g et  a n y  t ra f f ic.

I d ea :
G en era t e a  (S , G )  ch a n n el  s u b s crip t io n  (s o m eh o w )  i n  a d d it i o n  t o  t h e I G M P v1 / v2  
m em b ers h ip  t h a t  M U S T  a l rea d y  co m e f ro m  t h e k ern el  o f  t h e a p p l ica t io n s  h o s t .
… a n d  l e t  t h e  r o u t e r  f i g u r e  o u t  t h e  r i g h t  t h i n g  t o  d o  . . .

H o st S ig n allin g
Bootstrap solutions (1)
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H o st S ig n allin g
H ow  U R D  w ork s

U sers D esk top U sers fav orite B row ser
P l ease sel ect you T V  program :

C l ick  h ere for th e M ov ie

C l ick  h ere for th e S ports

C l ick  h ere for th e New s
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H o st S ig n allin g
H ow  U R D  w ork s

U sers D esk top U sers fav ourite B row ser
P l ease sel ect you T V  program :

C l ick  h ere for th e M ov ie

C l ick  for th e S ports

C l ick  h ere for th e New s

Ht t p: / www. br oader cast . com/ spor t s. ht m

h ere
C l i c k

h ere
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H o st S ig n allin g
H ow  U R D  w ork s

U sers D esk top U sers fav ourite B row ser
T h ank  you for ch oosing
th is S ports ch annel
C urrentl y sh ow ing
E uro 2 0 0 0  S occer
l iv e from  B russel s
E ngl and   : G erm any

3  : 1

M in 8 9 :0 0
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H o st S ig n allin g
H ow  U R D  w ork s

U sers D esk top U sers fav ourite B row ser
T h ank  you for ch oosing
th is S ports ch annel

O l d  stream ing v id eo receiv er
appl ication.  D oes I P  M ul ticast,

b ut not I P  S S M

W or k s  f i n e  i f  w e  d on ’t tr y  to r u n  
i t i n  the  S S M -R a n g e

C urrentl y sh ow ing
E uro 2 0 0 0  S occer
l iv e from  B russel s
E ngl and   : G erm any

3  : 1

M in 8 9 :0 0
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H o st S ig n allin g
H ow  U R D  w ork s

U sers D esk top U sers fav ourite B row ser
T h ank  you for ch oosing
th is S ports ch annel

O l d  stream ing v id eo receiv er
appl ication.  D oes I P  M ul ticast,

b ut not I P  S S M

T ha t i s . .
U n l e s s  s om e  u n w a n te d  tr a f f i c  
d i s tu r bs  the  r e c e p ti on ,  m a y be  

s om e  D oS a tta c k . . .

C urrentl y sh ow ing
E uro 2 0 0 0  S occer
l iv e from  B russel s
E ngl and   : G erm any

3  : 1

M in 8 9 :0 0
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H o st S ig n allin g
H ow  U R D  w ork s

U sers D esk top U sers fav ourite B row ser
T h ank  you for ch oosing
th is S ports ch annel

R u n n i n g  the  a p p l i c a ti on  on  a n  
S S M -R a n g e  a l on e  d oe s  n ot 
he l p :  T he  a p p l i c a ti on  w i l l  

r e c e i v e  n othi n g !

C urrentl y sh ow ing
E uro 2 0 0 0  S occer
l iv e from  B russel s
E ngl and   : G erm any

3  : 1

M in 8 9 :0 0

O l d  stream ing v id eo receiv er
appl ication.  D oes I P  M ul ticast,

b ut not I P  S S M
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H o st S ig n allin g
H ow  U R D  w ork s

U sers D esk top U sers fav ourite B row ser
T h ank  you for ch oosing
th is S ports ch annel

O l d  stream ing v id eo receiv er
appl ication.  D oes I P  M ul ticast,

b ut not I P  S S M

B u t tha n k s  to U R D ,  the  ol d  
a p p l i c a ti on  c a n  r u n  on  a n  

a d d r e s s  i n  the  S S M -R a n g e  a n d  
w i l l  on l y  r e c e i v e  tr a f f i c  f r om  the  

r i g ht s ou r c e !

C urrentl y sh ow ing
E uro 2 0 0 0  S occer
l iv e from  B russel s
E ngl and   : G erm any

3  : 1

M in 8 9 :0 0

R e t r i e v e d  U R L  St r i n g  s u c c e s s f u l l y
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H o st S ig n allin g
H ow  U R D  w ork s

L et’s z oom  out a b it. . .

Users Desktop Users f a v ou ri te B row ser
T h a n k y ou  f or c h oosi n g
th i s S ports c h a n n el

Tr ansf er r i ng f r om sessi ons. br oader cast . com

C u rren tl y  sh ow i n g
E u ro 2 0 0 0  S oc c er
l i v e f rom  B ru ssel s
E n g l a n d   :  G erm a n y

3  :  1
M i n  8 9 : 0 0

T h e w eb  s erver
w w w . b ro a d ca s t . co m

T h e
I n t ern et

T h e l a s t  h o p  ro u t er
ru n n i n g  1 2 . 1 (3 ) T  o r l a t er a n d  
en a b l ed  f o r

i p ur d
o n  t h e in t erf a ce t o  t h e h o s t

T h e H o s t
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H o st S ig n allin g
H ow  U R D  w ork s

I f th e b row ser tries to retriev e th e U R L
http://www.broadercast.com:659/urd-
helper?group=232.3.4.5&source=192.44.81.5

Users Desktop Users f a v ou ri te B row ser
T h a n k y ou  f or c h oosi n g
th i s S ports c h a n n el

Tr ansf er r i ng f r om sessi ons. br oader cast . com

C u rren tl y  sh ow i n g
E u ro 2 0 0 0  S oc c er
l i v e f rom  B ru ssel s
E n g l a n d   :  G erm a n y

3  :  1
M i n  8 9 : 0 0

T h e w eb  s erver
w w w . b ro a d ca s t . co m

T h e
I n t ern et

T h e l a s t  h o p  ro u t er
ru n n i n g  1 2 . 1 (3 ) T  o r l a t er a n d  
en a b l ed  f o r

i p ur d
o n  t h e in t erf a ce t o  t h e h o s t

T h e H o s t
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H o st S ig n allin g
H ow  U R D  w ork s

I f th e b row ser tries to retriev e th e U R L
http://www.broadercast.com:659/urd-
helper?group=232.3.4.5&source=192.44.81.5

Users Desktop Users f a v ou ri te B row ser
T h a n k y ou  f or c h oosi n g
th i s S ports c h a n n el

Tr ansf er r i ng f r om sessi ons. br oader cast . com

C u rren tl y  sh ow i n g
E u ro 2 0 0 0  S oc c er
l i v e f rom  B ru ssel s
E n g l a n d   :  G erm a n y

3  :  1
M i n  8 9 : 0 0

T h e w eb  s erver
w w w . b ro a d ca s t . co m

T h e
I n t ern et

T h e l a s t  h o p  ro u t er
ru n n i n g  1 2 . 1 (3 ) T  o r l a t er a n d  
en a b l ed  f o r

i p ur d
o n  t h e in t erf a ce t o  t h e h o s t

T h e H o s t

T h en it w ants to open a T C P  connection to w w w . b road ercast. com ,  port 6 5 9
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H o st S ig n allin g
H ow  U R D  w ork s

I f th e b row ser tries to retriev e th e U R L
http://www.broadercast.com:659/urd-
helper?group=232.3.4.5&source=192.44.81.5

Users Desktop Users f a v ou ri te B row ser
T h a n k y ou  f or c h oosi n g
th i s S ports c h a n n el

Tr ansf er r i ng f r om sessi ons. br oader cast . com

C u rren tl y  sh ow i n g
E u ro 2 0 0 0  S oc c er
l i v e f rom  B ru ssel s
E n g l a n d   :  G erm a n y

3  :  1
M i n  8 9 : 0 0

T h e w eb  s erver
w w w . b ro a d ca s t . co m

T h e
I n t ern et

T h e l a s t  h o p  ro u t er
ru n n i n g  1 2 . 1 (3 ) T  o r l a t er a n d  
en a b l ed  f o r

i p ur d
o n  t h e in t erf a ce t o  t h e h o s t

T h e H o s t

T h en it w ants to open a T C P  connection to w w w . b road ercast. com ,  port 6 5 9
B ut it onl y gets up to th e first-h op router,  w h o intercepts al l  T C P  
connections to port 6 5 9 ,  w h atev er d estination ad d ress th ey are for !
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H o st S ig n allin g
H ow  U R D  w ork s

T h e router d isgueses itsel f as a w eb  serv er
and  l istens to w h at th e h ost w ant to h av e.

Users Desktop Users f a v ou ri te B row ser
T h a n k y ou  f or c h oosi n g
th i s S ports c h a n n el

Tr ansf er r i ng f r om sessi ons. br oader cast . com

C u rren tl y  sh ow i n g
E u ro 2 0 0 0  S oc c er
l i v e f rom  B ru ssel s
E n g l a n d   :  G erm a n y

3  :  1
M i n  8 9 : 0 0

T h e w eb  s erver
w w w . b ro a d ca s t . co m

T h e
I n t ern et

T h e l a s t  h o p  ro u t er
ru n n i n g  1 2 . 1 (3 ) T  o r l a t er a n d  
en a b l ed  f o r

i p ur d
o n  t h e in t erf a ce t o  t h e h o s t

T h e H o s t

GET /urd-helper?
group=232.3.4.5&
source=192.44.81.5    
HTTP/1.0

Watch TCP connection
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H o st S ig n allin g
H ow  U R D  w ork s

A nd  th e router th ink s:

Users Desktop Users f a v ou ri te B row ser
T h a n k y ou  f or c h oosi n g
th i s S ports c h a n n el

Tr ansf er r i ng f r om sessi ons. br oader cast . com

C u rren tl y  sh ow i n g
E u ro 2 0 0 0  S oc c er
l i v e f rom  B ru ssel s
E n g l a n d   :  G erm a n y

3  :  1
M i n  8 9 : 0 0

T h e w eb  s erver
w w w . b ro a d ca s t . co m

T h e
I n t ern et

T h e l a s t  h o p  ro u t er
ru n n i n g  1 2 . 1 (3 ) T  o r l a t er a n d  
en a b l ed  f o r

i p ur d
o n  t h e in t erf a ce t o  t h e h o s t

T h e H o s t

GET /urd-helper?
group=232.3.4.5&
source=192.44.81.5    
HTTP/1.0

Watch TCP connection

I und ers t and  t h i s  U R L  req ues t ,
l et ’s  rem em ber t o  PIM -SS j o i n 

t o
g ro up  2 3 2 . 3 . 4 . 5  f o r s o urce 

1 9 2 . 4 4 . 8 1 . 5 ,
i f ,  o r as  s o o n as  I al s o  h av e an 
IGM Pv 1 / v 2  g ro up  m em bers h i p
rep o rt  f o r 2 3 2 . 3 . 4 . 5  f ro m  t h i s

i nt erf ace 

I und ers t and  t h i s  U R L  req ues t ,
l et ’s  rem em ber t o  PIM -SS j o i n 

t o
g ro up  2 3 2 . 3 . 4 . 5  f o r s o urce 

1 9 2 . 4 4 . 8 1 . 5 ,
i f ,  o r as  s o o n as  I al s o  h av e an 
IGM Pv 1 / v 2  g ro up  m em bers h i p
rep o rt  f o r 2 3 2 . 3 . 4 . 5  f ro m  t h i s

i nt erf ace 

I  und erstand  th is U R L  req uest,
l et’s rem em b er to P I M -S S  j oin to

group 2 3 2 . 3 . 4 . 5  for source 
1 9 2 . 4 4 . 8 1 . 5 ,

if,  or as soon as I  al so h av e an 
I G M P v 1 / v 2  group m em b ersh ip
report for 2 3 2 . 3 . 4 . 5  from  th is

interface 
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H o st S ig n allin g
H ow  U R D  w ork s

A nd  so th e router  answ ers:

Users Desktop Users f a v ou ri te B row ser
T h a n k y ou  f or c h oosi n g
th i s S ports c h a n n el

Tr ansf er r i ng f r om sessi ons. br oader cast . com

C u rren tl y  sh ow i n g
E u ro 2 0 0 0  S oc c er
l i v e f rom  B ru ssel s
E n g l a n d   :  G erm a n y

3  :  1
M i n  8 9 : 0 0

T h e w eb  s erver
w w w . b ro a d ca s t . co m

T h e
I n t ern et

T h e l a s t  h o p  ro u t er
ru n n i n g  1 2 . 1 (3 ) T  o r l a t er a n d  
en a b l ed  f o r

i p ur d
o n  t h e in t erf a ce t o  t h e h o s t

T h e H o s t

GET /urd-helper?
group=232.3.4.5&
source=192.44.81.5    
HTTP/1.0

HTTP/1.1 200 OK
Server: cisco IOS
Content-Type: text/html
<html>
<body>
Retrieved URL string 
successfully
</body>
</html>

Watch TCP connection

A nd  cl oses th e T C P  connection.
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H o st S ig n allin g
H ow  U R D  w ork s

A nd  once it sees th e first I G M P v 1 / v 2  report for th e group ( from  th e 
appl ication) ,  th e router w il l  j oin to th e source v ia P I M -S S  and  continue 
as l ong as th e I G M P v 1 / v 2  group reports com e in.

N ote :  T he  U R L  r e q u e s t f r om  the  br ow s e r  a n d  the  f i r s t I G M P v 1 / 2  r e p or t 
f r om  the  a p p l i c a ti on  m a y  a r r i v e  i n  a n y  or d e r  w i thi n  ~  1  m i n u te  

T h e vid eo  s o u rce
1 9 2 . 4 4 . 8 1 . 5

T h e
I n t ern et

P I M  j o i n
(1 9 2 . 4 4 . 8 1 . 5 ,
2 3 2 . 3 . 4 . 5 )

I G M P v1 / v2  
m em b ers h ip  rep o rt s  
f o r 2 3 2 . 3 . 4 . 5  

Users Desktop Users f a v ou ri te B row ser
T h a n k y ou  f or c h oosi n g
th i s S ports c h a n n el

Tr ansf er r i ng f r om sessi ons. br oader cast . com

C u rren tl y  sh ow i n g
E u ro 2 0 0 0  S oc c er
l i v e f rom  B ru ssel s
E n g l a n d   :  G erm a n y

3  :  1
M i n  8 9 : 0 0
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H o st S ig n allin g
H ow  U R D  w ork s

And f inally  th e picture arriv es and is being  f orw arded as long  
as th e application runs and sends th e I GMP v 1/ v 2  m em bersh ip 
reports

Users Desktop Users f a v ou ri te B row ser
T h a n k y ou  f or c h oosi n g
th i s S ports c h a n n el

Tr ansf er r i ng f r om sessi ons. br oader cast . com

C u rren tl y  sh ow i n g
E u ro 2 0 0 0  S oc c er
l i v e f rom  B ru ssel s
E n g l a n d   :  G erm a n y

3  :  1
M i n  8 9 : 0 0

T h e vid eo  s o u rce
1 9 2 . 4 4 . 8 1 . 5

T h e
I n t ern et

P I M  j o i n
(1 9 2 . 4 4 . 8 1 . 5 ,
2 3 2 . 3 . 4 . 5 )

I G M P v1 / v2  
m em b ers h ip  rep o rt s  
f o r 2 3 2 . 3 . 4 . 5  
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H o st S ig n allin g
H ow  U R D  w ork s

U sers D esk top U sers fav ourite B row ser
T h ank  you for ch oosing
th is S ports ch annel

O l d  stream ing v id eo receiv er
appl ication.  D oes I P  M ul ticast,

b ut not I P  S S M

A n d  a l l  the  u s e r  c ou l d  n oti c e ,
i s  the  s tr i n g  r e tu r n e d  by  the  
r ou te r  ( m a y  be  hi d d e n ) !

C urrentl y sh ow ing
E uro 2 0 0 0  S occer
l iv e from  B russel s
E ngl and   : G erm any

3  : 1

M in 8 9 :0 0

R e t r i e v e d  U R L  St r i n g  s u c c e s s f u l l y
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H o st S ig n allin g
U R D  (1)

• E nable I P  SSM f or ex isting  applications
• W ork s w ith  ev ery b row ser th at supports fram es
( or one cl ick  m ore for th ose w ith out)

• N o plug ins req uired
C om pl ete h ost pl atform  ind epend ence

• N oth ing  to conf ig ure on th e h ost
• 0 .0 0  ch ang es to th e h ost
• U R L  easil y ad d ed  to W W W  serv er H T M L  pages

N o additional CGI  scripts req uired.
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H o st S ig n allin g
U R D  (2 )

• S upported  in I O S  1 2 . 1 ( 3 ) T  and  l ater.
• S upported  in th e process,  fast and  C E F  path s
• I ntercepting sol el y b ased  on T C P  port 6 5 9

I f  f irs t  h o p  ro u t er is  n o t  U RD en a b l ed ,  w w w -s erver m a y  w a n t
t o  rep l y  t o  H T T P  o n  t h a t  p o rt  t o o  (erro r d is co very )

• P ort 6 5 9  assigned  b y I A NA  for C isco.  
• U R D  - U R L  R end ez v ous D irectory

N a m e s t il l  ca rries  t h e id ea  t h a t  i t  i s  a l s o  q u i t e s im p l e t o  w rit e a  CG I -
S crip t  t o  co m p l et el y  em u l a t e a n  RP ,  I . e. : a d d  w eb  p a g es ,  w h ere y o u  w o u l d  
cl ick  o n t o  if  y o u  a re a  s o u rce,  a n d  t h e s crip t  w o u l d  t h en  crea t e t h e U RD 
co m m a n d  U RL s  f o r t h e receivers .
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Agenda

• Multicast Addressing
• I nternet Group Manag em ent P rotocol (I GMP )
• Multicast F orw arding
• P I M-D ense Mode (D M)
• P I M-Sparse Mode (SM)
• P I M-Spource Specif ic Mode (SSM)
• P I M-B idirectional (B I D I R )

S2
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Man y -to -A n y  S tate  Pr o b le m

• Creates h ug e am ounts of  (S, G)  state
– S tate m aintenance w ork l oad s sk yrock et

• H igh  O I L  fanouts m ak e th e prob l em  w orse
– R outer perform ance b egins to suffer

• U sing  Sh ared-T rees only
– P rov id es som e ( S , G )  state red uction

• R esul ts in ( S , G )  state onl y al ong S P T  to R P
• F req uentl y stil l  too m uch  ( S , G )  state
•Need  a sol ution th at onl y uses ( * , G )  state
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E lim in atin g  ( S , G )  S tate
• B i d irectional  S h ared -T rees

– A l l o w s  dat a t o  f l o w  u p  t h e  S h are d T re e
• S o u rc e  t raf f i c  f o l l o w s  S h are d T re e  t o  g e t  t o  t h e  R P  an d al l  o t h e r re c e i v e rs  
o n  t h e  S h are d T re e

–Can n o t  u s e  c u rre n t  ( * , G )  R P F  ru l e s
•Care  m u s t  b e  t ak e n  t o  av o i d m u l t i c as t  l o o p s

– R e q u i re s  a D e s i g n at e d F o rw arde r ( D F )
• R e s p o n s i b l e  f o r f o rw ardi n g  t raf f i c  u p  S h are d T re e

– D F ’s  w i l l  ac c e p t  dat a o n  t h e  i n t e rf ac e s  i n  t h e i r O I L .
– T h e n  s e n d i t  o u t  al l  o t h e r i n t e rf ac e s .  ( I n c l u di n g  t h e  I I F . )
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B id ir e ctio n al ( B id ir )  PIM

• I d ea : 
U se th e sam e tree f or traf f ic f rom  sources tow ards R P  and 
f rom  R P  to receiv ers

• B en ef i t s :
L ess state in routers 

O nly  (* ,  G)  state is used
Source traf f ic f ollow s th e Sh ared T ree 
F low s up th e Sh ared T ree to reach  th e R P .
F low s dow n th e Sh ared T ree to reach  all oth er receiv ers.
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B id ir e ctio n al PIM – O v e r v ie w

Receiver

RP

S h a red  T ree

S en d er/
ReceiverReceiver
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B id ir e ctio n al PIM – O v e r v ie w

Receiver

RP

S h a red  T ree
S o u rce T ra f f ic

S o u rce T ra f f ic f o rw a rd ed
b id irect io n a l l y  u s i n g  (* , G )  s t a t e.

S en d er/
ReceiverReceiver
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B id ir e ctio n al PIM – O v e r v ie w

Receiver

RP

S h a red  T ree

(* ,  G )  S t a t e crea t ed  o n l y
a l o n g  t h e S h a red  T ree.

S o u rce T ra f f ic
S o u rce T ra f f ic f o rw a rd ed
b id irect io n a l l y  u s i n g  (* , G )  s t a t e.

S en d er/
ReceiverReceiver
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PIM Mo d if icatio n s f o r  B id ir  O p e r atio n

• D es i g n a t ed  F orw a rd ers  ( D F )
O n each  link  th e router w ith  th e best path  to th e R P  is elected 
to be th e D F .
N ote:  D esig nated R outers (D R )  are not used f or bidir
g roups.

T h e D F  is responsible f or f orw arding  traf f ic upstream  
tow ards th e R P .

N o special treatm ent is req uired f or local sources.
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B id ir PIM–E v aluatio n
• I d ea l f or M a n y  t o M a n y  a p p li c a t i on s
• D ra s t i c a lly  red u c es  n et w ork  mrou t e s t a t e.

E lim inates ALL (S, G)  state in th e netw ork .
SP T ’s betw een sources to R P  elim inated.
Source traf f ic f low s both  up and dow n Sh ared T ree.

Allow s Many -to-Any  applications to scale.
P erm its v irtually  an unlim ited num ber of  sources.
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1 Read this fine book

If  A ll E lse  F ails—R T F B 1
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