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IEEE Congruency Requirements
1. F o r w a r d  &  R e v e r s e  p a t h s  m u s t  b e  c o n g r u e n t . I f  n o t ,  i t  

c a n
- i m p a c t  C F M  &  C M  p r o c e d u r e s  

2 . M u l t i c a s t  &  u n i c a s t  p a t h s  i n  t h e  s a m e  d i r e c t i o n  m u s t  
b e  c o n g r u e n t . I f  n o t  c o n g r u e n t ,  t h e n  i t  c a n  c a u s e
- O u t -o f -o r d e r  d e l i v e r y
- I s s u e s  w i t h  E t h e r n e t  O A M  ( 8 0 2 . 1 a g )
- B l a c k  h o l i n g  i n  c u s t o m e r ’s  n e t w o r k
- L o o p  c r e a t i o n  i n  c u s t o m e r ’s  n e t w o r k
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A ssump tions
� F o r w a r d  &  R e v e r s e  M e t r i c s  a r e  t h e  s a m e
� B r i d g e s  a r e  c o n n e c t e d  v i a  P 2 P  l i n k s  ( n o  h u b s  i n  
b e t w e e n )

� I n  a  m u l t i c a s t  g r o u p ,
- E v e r y  g r o u p  m e m b e r  i s  p o t e n t i a l l y  a  s o u r c e  a n d
- E v e r y  s o u r c e  i s  a  g r o u p  m e m b e r
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A gend a

� B r u t e -f o r c e  m e t h o d  f o r  m u l t i c a s t  
t r e e s  c o m p u t a t i o n  w /  c o n g r u e n c y

� A n  e f f i c i e n t  m e t h o d  f o r  m u l t i c a s t  
t r e e s  c o m p u t a t i o n  w /  c o n g r u e n c y
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Congruency between Forward & Reverse 
P ath s
BEB

BC B

E a c h  B r i d g e  i n  P B B N  r u n s  l i n k -s t a t e  p r o t o c o l  ( I S -I S ) a n d  t h u s  h a s  a  
f u l l  p i c t u r e  o f  t h e  n e t w o r k  t o p o l o g y
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E x am p l e O nl y – B ui l di ng Congruent T rees
� Each bridge builds its SPT (one per BEB) in an ordered way – e. g. ,  

starting with higher BEB I D s (or lower BEB I D s) which translates into 
higher B-V I D s (or lower B-V I D s) since B-V I D s are used as SPT identif ier

� A f ter building the 1 st SPT tree f or a BEB,  then the 2 n d SPT tree (nex t 
higher or lower B-V I D ) is build such that it uses the sam e branch between 
the two roots as in the 1 st tree

� N ex t the third tree is built such that the f irst two branches are the sam e as 
the ones in 1 st and 2 n d tree

� A nd so on till all SPT trees are built on a giv en node
� Since all nodes f ollow the sam e algorithm ,  all the SPTs trees built in this 

way on each node are ex actly the sam e as any other nodes – e. g. ,  the 
sam e set of  SPT trees are com puted on ev ery node.    
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E x am p l e of  B ui l di ng Congruent S P T  T rees 
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E x am p l e of  B ui l di ng Congruent S P T  T rees - I I

L 6L 5
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L 1

L 3

L 4 R7

L 6L 5
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L 1
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L 4 L 7
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A s  i t  c a n  b e  s e e  i n  t h e s e  f i g u r e s ,  t h e  p a t h  f r o m  r o o t  R x  t o  l e a v e  L y  o n  
S P T -x  i s  t h e  s a m e  a s  t h e  p a t h  f r o m  r o o t  R y o n  S P T -y  t o  l e a f  L x  

S P T -7 S P T -8
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A gend a

� B r u t e -f o r c e  m e t h o d  f o r  m u l t i c a s t  
t r e e s  c o m p u t a t i o n  w /  c o n g r u e n c y

� A n  e f f i c i e n t  m e t h o d  f o r  m u l t i c a s t  
t r e e s  c o m p u t a t i o n  w /  c o n g r u e n c y
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Comp onents
� T h i s  p r o p o s a l  u s e s  o n l y  a  s i n g l e  t r e e  p e r  i n t e r m e d i a t e  

n o d e  a s  o p p o s e d  t o  h a v i n g  N  t r e e s  ( o n e  r o o t e d  a t  
e a c h  e d g e  b r i d g e ) . I n  o t h e r  w o r d s ,  i n  t e r m s  o f  #  o f  
t r e e s  c o m p u t e d  b y  I G P ,  t h i s  p r o p o s a l  i s  a s  e f f i c i e n t  a s  
I P  w h i l e  m e e t i n g  c o n g r u e n c y  o b j e c t i v e s

� T h e r e  a r e  t w o  c o m p o n e n t s  t o  t h i s  p r o p o s a l
a ) D e t e r m i n i s t i c  a l g o r i t h m  i n  p r e s e n c e  o f  E C M P
b ) M u l t i c a s t  r e p l i c a t i o n  u s i n g  t h e  u n i c a s t  t o p o l o g y  t r e e  a t  t h e  

i n t e r m e d i a t e  n o d e  ( a  s i n g l e  t r e e  a s  o p p o s e d  t o  N  t r e e s )  
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D eterm i ni sti c A l gori th m  i n P resence of  E CM P
� W h e n  a  r o u t e r  c o m p u t e s  S P F ,  i t  i t e r a t e s  n o d e  f r o m  t h r e e  l i s t s :- U n k n o w n  l i s t- T e n t a t i v e  ( T E N T ) l i s t- P A T H S  l i s t  
� W h e n  m o r e  t h a n  o n e  p a t h  a r e  d i s c o v e r e d  ( f o r  a  g i v e n  n o d e ) t h e  r o u t e r  c h e c k s  t h e  s y s t e m -I D / R o u t e r -I D  o f  e a c h  n o d e  i n  t h e  p a t h  a n d  s e l e c t s  t h e  p a t h  t h a t  c o n t a i n s  t h e  l o w e s t  ( o r  h i g h e s t ) I D
� W h e n  a  n o d e  i s  t o  b e  m o v e d  i n t o  T E N T  l i s t ,  t h e  r o u t e r  c h e c k s  i ft h e  n o d e  a l r e a d y  e x i s t s  i n  T E N T  l i s t  ( i f  s o ,  E C M P  e x i t s ).  
� I f  E C M P  e x i t s ,  t h e  n o d e  c h e c k s  t h e  s e t  o f  I D s  o f  t h e  p a t h  a n d  s e l e c t s  t h e  b e s t  o n e  ( a c c o r d i n g  t o  l o w e s t / h i g h e s t  I D  p r e s e n t  i n  p a t h ) 



12

D eterm i ni sti c A l gori th m  i n P resence of  E CM P  
– Cont.
� F o r  h o p  b y  h o p  f o r w a r d i n g ,  t h e  a l g o r i t h m  c a n  b e  
o p t i m i z e d  f u r t h e r  f o r  t h e  r o u t e r  t o  j u s t  r e m e m b e r  t h e  
h i g h e s t / l o w e s t  I D  s e e n  w h i l e  b u i l d i n g  t h e  p a t h  a s  
o p p o s e d  t o  r e m e m b e r i n g  t h e  c o m p l e t e  p a t h  a n d  
s e a r c h i n g  a l o n g  t h e  p a t h  t o  f i n d  t h e  h i g h e s t / l o w e s t  
r o u t e r -i d .   

� U s i n g  t h e  a b o v e  a l g o r i t h m ,  a  p a c k e t  u s i n g  h o p  b y  h o p  
f o r w a r d i n g  a l o n g  t h e  c o m p u t e d  r o u t e s  I S  g u a r a n t e e d  t o  
b e  s y m m e t r i c . 
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D eterm i ni sti c A l gori th m  i n P resence of  E CM P  
– E x am p l e

A B C D

F

E W h e r e  t h e  n u m e r i c a l  v a l u e s  
o f  t h e  n o d e  I D s  a r e  i n  t h e  
s e q u e n c e  A < B< C < D < E< F

• W hen A  com putes a path to E,  the L O W EST I D  it sees in the 
path is B and so cannot choose between the paths through D  or F
• H owev er,  when C  com putes its path to E it W I L L  chose the lower 
of  the two paths v ia D ,  and hence a hop by hop f orwarded pack et 
will f ollow the sym m etric path
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M ul tica st Rep l ica tion U sing U nica st T ree
� E a c h  r o u t e r  a d v e r t i s e s  i n s i d e  i t s  L S P  t h e  m u l t i c a s t  g r o u p s  t h a t  i t  i s  i n t e r e s t  i n  a n d  i t s  r o u t e r -i d  a s  t h e  s o u r c e  f o r  t h e s e  g r o u p s .  I t  h a s  t o  b e  n o t e d  t h a t  t h e s e  g r o u p s  a r e  p r e t t y  s t a b l e  a n d  t h i s  w i l l  n o t  t r i g g e r  m a s s i v e  f l o o d i n g  i n  I S I S  ( s p e c i a l l y  i n  a  8 0 2 . 1 a h  p r o v i d e r  n e t w o r k )

- These adv ertisem ent are in the f orm  of  (S, G 1 -G 2 0 ,  G 3 0 ,  G 4 0 ) 
� W h e n  a  n o d e  r e c e i v e s  m c a s t L S P  f r o m  i t s  n e i g h b o r ,  i t  i n s t a l l s  t h e  m c a s t g r o u p  a d d r e s s e s  o n  t h e  i n t e r f a c e  t h a t  h a s  p a s s e d  R P F  c h e c k  – e . g . ,  o n  t h e  i n t e r f a c e  t o w a r d  t h e  s o u r c e  ( e . g . ,  t h e y  g e t  i n s t a l l e d  o n  t h e  u p s t r e a m  i n t e r f a c e  a n d  N O T  d o w n s t r e a m  i n t e r f a c e s ).  
� T h i s  i n t e r f a c e  i s  m a r k e d  a s  I I F  f o r  t h i s  s o u r c e .  T h e r e  c a n  o n l y  b e  a  s i n g l e  I I F  p e r  s o u r c e  a t  a  g i v e n  n o d e .
� A n  i n t e r f a c e  t h a t  i s  m a r k e d  a s  I I F  f o r  ( S , G ),  w o u l d  a l s o  b e  m a r k e d  a s  O I F  f o r  o t h e r  s o u r c e s  o f  t h e  s a m e  g r o u p  – e . g . ,  o t h e r  ( S ’, G ) w h e r e  S ’ ! =  S
� F o r  a  n o d e  t o  t r a n s m i t  a  m u l t i c a s t  s t r e a m  o v e r  a n  i n t e r f a c e ,  t h e n  t h a t  i n t e r f a c e  m u s t  b e  i n  O I F  l i s t  o f  t h a t  ( S , G )
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P runing U nw a nted  B ra nch es
• W h e n  a  n o d e  a d d  a n  i n t e r f a c e  t o  t h e  O I F  l i s t  f o r  ( S , G ) ,  i t  t h e n s e n d s  a  p r u n e  m e s s a g e  o v e r  i t .  
• I f  a  n e i g h b o r i n g  n o d e  r e c e i v e s  t h i s  p r u n e  m e s s a g e  f o r  ( S , G )  o v e r  i t s  I I F  i n t e r f a c e  f o r  t h a t  S ,  t h e n  t h i s  p r u n e  
m e s s a g e  g e t s  d i s c a r d e d  b e c a u s e  t h i s  m e s s a g e  h a s  b e e n  s e n t  t o  a  n o d e  w h i c h  i s  o n  t h e  s h o r t e s t  p a t h  t o w a r d  
S .
• I f  a  n e i g h b o r i n g  n o d e  r e c e i v e s  t h i s  p r u n e  m e s s a g e  f o r  ( S , G )  o v e r  a  n o n -I I F  i n t e r f a c e  f o r  t h a t  S ,  t h e n  i t  m e a n s  
t h a t  t h i s  n o d e  i s  n o t  o n  t h e  s h o r t e s t  p a t h  t o w a r d  S  a n d  t h u s  i t  p r o c e s s e s  t h i s  m e s s a g e  a n d  r e m o v e s  t h a t  
i n t e r f a c e  f r o m  O I F  l i s t  f o r  t h a t  ( S , G )  a n d  s e n d s  a  p r u n e  m e s s a g e b a c k  t o  t h e  s e n d e r .
• T h e  s e n d e r  u p o n  r e c e i v i n g  t h i s  p r u n e  m e s s a g e ,  p r u n e s  i t s  i n t e r f a c e  a n d  i f  t h e r e  a r e  n o  m o r e  i n t e r f a c e s  i n  
O I F  l i s t  a n d  n o  G  i s  b e i n g  c o n f i g u r e d  l o c a l l y ,  t h e n  t h e  p r u n e  m e s s a g e  i s  p r o p a g a t e d  u p s t r e a m  o v e r  i t s  I I F  f o r  
( S , G ) .  
• P r u n e  m e s s a g e s  a r e  e n c o d e d  i n t o  h e l l o  p a c k e t s  o f  t h e  r o u t i n g  p r o t o c o l  ( I S I S  o r  O S P F ) .
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Ex a mp l e – Conf iguring 

A B C D

F

E

L

H

• N o d e  A  i s  c o n f i g u r e d  w i t h  m c a s t g r o u p  G
• N o d e  A  s e n d s  ( A , G )  i n  i t s  L S P
• Ea c h  n o d e  u p o n  r e c e i v i n g  t h i s  L S P ,  c o n f i g u r e  i t s  R P F  i n t e r f a c e  a s  I I F   f o r  ( A , G )  –
e . g . ,  b l a c k  c i r c l e s .  T h e r e  i s  o n l y  o n e  s u c h  i n t e r f a c e  a t  e a c h  n o d e  e v e n  i n  t h e  p r e s e n c e  
o f  EC M P
• S i n c e  t h e r e  i s  n o  i n t e r f a c e  c o n f i g u r e d  a s  O I F  i n  n o d e  A ,  n o  m u l t i c a s t  s t r e a m  ( A , G )  
g e t s  s e n t  o u t  o f  A

I
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IIF  &  O IF  M a rk ing - Ex a mp l e

A B C D

F

E

L

H

• N o w ,  n o d e  L  i s  a l s o  c o n f i g u r e d  w i t h  g r o u p  G
• N o d e  L  s e n d s  ( L , G )  i n  i t s  L S P
• A s  b e f o r e ,  e a c h  n o d e  u p o n  r e c e i v i n g  t h i s  m e s s a g e ,  c o n f i g u r e s  o n e  o f  i t s  i n t e r f a c e s  
a s  I I F  c o r r e s p o n d i n g  t o  ( L , G )  – e . g . ,  r e d  c i r c l e s .
• T h e  I I F  o f  ( L , G )  i s  c o n s i d e r e d  a s  t h e  O I F  o f  ( A , G )  a n d  i t  i s  a d d e d  t o  O I F  l i s t  f o r  ( A , G ) .  
A l s o ,  a  p r u n e  m e s s a g e  f o r  ( A , G )  i s  s e n t  o u t  o v e r  t h i s  n e w l y  a d d e d  O I F .  
• I f  t h e  r e c i p i e n t  n o d e  o f  t h i s  p r u n e  m e s s a g e ,  r e c e i v e s  i t  o v e r  i t s  I I F  f o r  ( A , G ) ,  t h e n  i t  
d i s c a r d s  t h e  m e s s a g e ;  o t h e r w i s e ,  i t  r e m o v e s  t h a t  i n t e r f a c e  f r o m  O I F  l i s t .

I



18

E x am p l e – A ddi ng a 2 nd node to th e G roup

A B C D

F

E

L

H

• N o w ,  n o d e  E i s  a l s o  c o n f i g u r e d  w i t h  g r o u p  G
• N o d e  E s e n d s  ( E, G )  i n  i t s  L S P
• A s  b e f o r e ,  e a c h  n o d e  u p o n  r e c e i v i n g  t h i s  m e s s a g e ,  c o n f i g u r e s  o n e  o f  i t s  i n t e r f a c e s  
a s  I I F  c o r r e s p o n d i n g  t o  ( E, G )  – e . g . ,  b l u e  c i r c l e s .
• T h e  I I F  o f  ( E, G )  i s  c o n s i d e r e d  a s  t h e  O I F  o f  ( A , G )  a n d  i t  i s  a d d e d  t o  O I F  l i s t  f o r  ( A , G ) .  
A l s o ,  a  p r u n e  m e s s a g e  f o r  ( A , G )  i s  s e n t  o u t  o v e r  t h i s  n e w l y  a d d e d  O I F .  
• A s  b e f o r e ,  i f  t h e  r e c i p i e n t  n o d e  o f  t h i s  p r u n e  m e s s a g e ,  r e c e i v e s  i t  o v e r  i t s  I I F  f o r  
( A , G ) ,  t h e n  i t  d i s c a r d s  t h e  m e s s a g e ;  o t h e r w i s e ,  i t  r e m o v e s  t h a t  i n t e r f a c e  f r o m  O I F  l i s t .

I
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Ex a mp l e – p runing unw a nted  interf a ces

A B C D

F

E

L

H

• N o d e  F  a d d s  i f ( f e )  a s  O I F  f o r  ( A , G )  a n d  s e n d s  a  p r u n e  m e s s a g e  o v e r  i t
• N o d e  E u p o n  r e c e i v i n g  t h i s  p r u n e  m e s s a g e  c h e c k s  t o  s e e  t h a t  i f ( e f )  i s  n o t  a n  I I F  f o r  ( A , G )  
a n d  t h e n  p r u n e s  t h i s  i n t e r f a c e  f r o m  O I F  l i s t  o f  ( A , G )  
• N o d e  E u p o n  p r u n i n g  i f ( e f )  i n t e r f a c e ,  i t  s e n d s  a  p r u n e  m e s s a g e  o v e r  t h i s  i n t e r f a c e  t o  n o d e  F
• N o d e  F  u p o n  r e c e i v i n g  t h i s  m e s s a g e ,  c h e c k s  t o  s e e  t h a t  i f  ( f e )  i s  n o t  a n  I I F  f o r  ( A , G )  a n d  
t h e n  p r u n e s  t h i s  i n t e r f a c e  f r o m  O I F  l i s t  o f  ( A , G )
• N o d e  F  c h e c k s  t o  s e e  i f  i t s  O I F  l i s t  i s  e m p t y ,  i f  s o ,  t h e n  i t  p r o p a g a t e s  t h e  p r u n e  m e s s a g e  t o  
i t s  u p s t r e a m  n o d e  L  o v e r  i t s  I I F

I



20

Ex a mp l e – P rop a ga ting P rune msg

A B C D

F

E

L

H

• N o d e  L  r e c e i v e s  t h e  p r u n e  m e s s a g e  f r o m  n o d e  F  o v e r  i t s  n o n -I I F  i n t e r f a c e  a n d  t h u s  p r u n e s  
i f  ( l f )
• S i n c e  g r o u p  G  i s  c o n f i g u r e d  i n  n o d e  L ,  n o d e  L  d o e s  n o t  p r o p a g a t e  t h i s  m e s s a g e  a n y  f u r t h e r

I
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P runing
� P r u n i n g  i s  d o n e  i n  t w o  s t a g e s

a ) B y  i n s t a l l i n g  o n l y  a  s i n g l e  I I F  b a s e d  o n  s h o r t e s t  r e v e r s e  p a t h ,  
t h e  f i r s t  l e v e l  o f  p r u n i n g  i s  p e r f o r m e d  s i n c e  o n l y  a  s i n g l e  
i n t e r f a c e  i s  s e l e c t e d  a s  I I F  e v e n  i n  t h e  p r e s e n c e  o f  E C M P s –
e . g . ,  a  p a t h  w i t h  n o  r e c e i v e r  w i l l  n o t  r e c e i v e  t h e  m u l t i c a s t  s t r e a m  
b e c a u s e  a  h e a d -e n d  n o d e  d o e s n ’t  h a v e  a n y  O I F  f o r  t h a t  p a t h .  
T h i s  e f f i c i e n c y  a g a i n  i s  t h e  s i d e  a f f e c t  o f  c o n g r u e n t  
f o r w a r d / r e v e r s e  p a t h  a s s u m p t i o n
b ) T h e  s e c o n d  l e v e l  o f  p r u n i n g  i s  p e r f o r m e d  b y  s e n d i n g  e x p l i c i t  
p r u n e  m e s s a g e s  ( e m b e d d e d  i n  h e l l o s ) t o  t h e  n e i g h b o r s   
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S igna l ing Ef f iciency
� I n  t e r m s  o f  s i g n a l i n g  u s e d  f o r  j o i n  &  p r u n e ,  t h i s  

s c h e m e  i s  m o r e  e f f i c i e n t  t h a n
a ) P I M -D M :  b e c a u s e  o f  t h e  f i r s t  l e v e l  o f  p r u n i n g ,  t h e  m u l t i c a s t  

d a t a  d o e s  n o t  g o  e v e r y w h e r e  – i t  o n l y  g o e s  t o  t h e  n o d e s  
w h i c h  h a v e  r e c e i v e r .  T h e  s e c o n d -l e v e l  o f  p r u n i n g  e n s u r e s  
t h a t  t h e s e  r e c e i v e r s  o n l y  r e c e i v e  t h e  m u l t i c a s t  s t r e a m  o n c e .

b ) P I M -S M :  I t  d o e s n ’t  w a i t  f o r  t h e  s i g n a l i n g  t o  b e  p r o p a g a t e d  
f r o m  t h e  r e c e i v e r .  B e c a u s e  o f  c o n g r u e n t  f o r w a r d / r e v e r s e  
p a t h  a s s u m p t i o n ,  t h e  s i g n a l i n g  c a n  o r i g i n a t e  r i g h t  a w a y  f r o m  
t h e  s o u r c e  u s i n g  L S P  m e s s a g e s
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O p timiz a tion f or P rune M sgs
� D o n ’t  s e n d  p r u n e  m e s s a g e s  t o  y o u r  n e i g h b o r s  i f  y o u  
k n o w  t h e  p r u n e  m e s s a g e  g e t s  d i s c a r d e d

- T h e  p r u n e  m e s s a g e  i s  d i s c a r d e d  i f  i t  i s  r e c e i v e d  o v e r  I I F  f o r  
t h a t  ( S , G )

� I f  t h e  p r e v i o u s  e x a m p l e ,  i f  E  s e n d s  t h e  l i s t  o f  n o d e s  t h a t  
c a n  b e  r e a c h e d  v i a  i t s  i f ( e f )  t o  F  ( v i a  h e l l o  m e s s a g e ) ,  
t h e n  F  k n o w s  a h e a d  o f  t i m e  w h e t h e r  t o  p r u n e  i f ( f e )  
w i t h o u t  s e n d i n g  a  p r u n e  m e s s a g e  t o  n o d e  E .

- I f  n o d e  F  k n o w s  t h a t  A  c a n n o t  b e  r e a c h e d  v i a  i f ( e f ) b y  E ,  t h e n  
F  k n o w s  t h a t  i t  s h o u l d  p r u n e  i f ( f e )
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Appendix A:
C o ng r u enc y  R eq u ir em ent s
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Ring T op ol ogy - Ex a mp l e

D

E
B

C

A

T h e  a b o v e  a l g o r i t h m  w o r k s  f o r  a l l  t y p e s  o f  
t o p o l o g i e s  i n c l u d i n g  R i n g  t o p o l o g y .
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