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Agenda

� Congruency Requirements -
Rev isited

� B uil d ing Congruent T rees
� Comp a rison b etw een V I D  v ersus 
M A C S P T  
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L as t  t i m e w e c o v er ed
� 802.1Q Congruency Requirements & B-M A C L ea rning 
in Control -p l a ne

� B-M A C L ea rning using L ink -sta te P rotocol
� L oop  P rev ention & M itiga tion M ech a nisms

- I n t r a -d om a i n :  R P F C  &  T T L
- I n t e r -d om a i n :  T T L
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L as t  t i m e w e c o v er ed – s l i de 1 5
� A  singl e insta nce of  l ink -sta te control  p rotocol  ca n b e 
used  f or:

o n e i g h b or s  &  t op ol og y  d i s c ov e r y   
o b u i l d i n g  d i s t r i b u t i on  t r e e s  ( u s e d  f or  b ot h  u n i c a s t  &  m c a s t
t r a f f i c )  

� O n e  t r e e  p e r  B E B ,  i f  op t i m a l  f or w a r d i n g  i s  r e q u i r e d
� O n e  t r e e  p e r  B C B  ( f or  s e l e c t e d  n u m b e r  of  B C B s ) ,  i f  s u b -
op t i m a l  f or w a r d i n g  i s  r e q u i r e d

o D i s t r i b u t i on  of  B -V I D s f or  t r e e  i d e n t i f i c a t i on  ( on e  B -V I D  p e r  
t r e e )
o D i s t r i b u t i on  of  m c a s t g r ou p s  ( f or  B -s p a c e )  - f l ood i n g  s c op e  i s  
l i m i t e d  u s i n g  m c a s t p r u n i n g  a n d  N O T  V L A N  p r u n i n g  
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C o ngr u enc y  R eq u i r em ent s

F rom my sl id e d eck  p resented  in M a y,  th e f ol l ow ing 
concl usion w a s ma d e w h en B-M A C l ea rning to b e 
p erf ormed  in control  p l a ne.  

1. Rev erse a nd  f orw a rd  p a th s d o N O T  need  to b e 
congruent b ut

2. U nica st a nd  M ul tica st p a th s d o N EED  to b e congruent 
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C o ngr u enc y  R eq u i r em ent s  – C o nt .
� H ow ev er,  if  rev erse a nd  f orw a rd  p a th s a re not 
congruent,  th en its imp a ct to CF M  a nd  CM  need  to b e 
ev a l ua ted  since

- I t  i m p a c t s  t h e  op e r a t i on  of  L i n k  T r a c e  a n d  L oop b a c k  i n  C F M
- I t  m a y  i m p a c t s  t h e  op e r a t i on  of  C M
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C o ngr u enc y  &  C F M
� Currentl y CF M  a ssumes congruency in f orw a rd  a nd  
rev erse p a th s in a  b rid ged  netw ork  so th a t w ith out such  
congruency:

- L oop b a c k  m e c h a n i s m  c a n  on l y  c h e c k  t h e  d a t a  p a t h  f r om  t h e  
or i g i n a t or  t o t h e  l oop b a c k  p oi n t  i n  f or w a r d  d i r e c t i on
- F or  c h e c k i n g  t h e  d a t a  p a t h  i n  t h e  r e v e r s e  d i r e c t i on ,  a n ot h e r  
l oop b a c k  m e s s a g e  w ou l d  b e  n e e d e d  f r om  l oop b a c k  p oi n t  t o t h e  
or i g i n a t or
- T h e  s a m e  g oe s  w i t h  L i n k  T r a c e  s u c h  t h a t  i t  w ou l d  on l y  c h e c k  
t h e  f or w a r d  p a t h  f r om  t h e  or i g i n a t or  t o t h e  t r a c e  p oi n t  b u t  n ot  t h e  
r e v e r s e  p a t h
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C o nc l u s i o n
� I f  congruency w oul d  h a v e ta k en a  l ot of  ef f ort in l ink -
sta te p rotocol ,  th en w e coul d  h a v e consid er th e 
ch a nges to CF M  & CM  to a ccommod a te uni-d irectiona l  
trees/ p a th s.

� H ow ev er,  congruency ca n b e d one rel a tiv el y ea sil y in 
l ink -sta te p rotocol ,  so w e ca n k eep  th e op era tion & 
cov era ge of  CF M  & CM  sa me a s b ef ore.
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Agenda

� Congruency Requirements -
Rev isited

� B uil d ing Congruent T rees
� Comp a rison b etw een V I D  v ersus 
M A C S P T
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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 ot oc ol  ( 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  of  t h e  n e t w or k  t op ol og y
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E x am p l e O nl y – B ui l di ng Congruent T rees
� Ea c h  b r i d g e  b u i l d s  i t s  S P T  ( o n e  p e r  BEB)  i n  a n  o r d e r e d  w a y  – e . g . ,  s t a r t i n g  w i t h  h i g h e r  BEB I D s  ( o r  l o w e r  BEB I D s )  w h i c h  t r a n s l a t e s  i n t o  h i g h e r  B-V I D s ( o r  l o w e r  B-V I D s )  s i n c e  B-V I D s a r e  u s e d  a s  S P T  i d e n t i f i e r
� A f t e r  b u i l d i n g  t h e  1st S P T  t r e e  f o r  a  BEB,  t h e n  t h e  2 n d S P T  t r e e  ( n e x t  h i g h e r  o r  l o w e r  B-V I D )  i s  b u i l d  s u c h  t h a t  i t  u s e s  t h e  s a m e  b r a n c h  b e t w e e n  t h e  t w o  r o o t s  a s  i n  t h e  1st t r e e
� N e x t  t h e  t h i r d  t r e e  i s  b u i l t  s u c h  t h a t  t h e  f i r s t  t w o  b r a n c h e s  a r e  t h e  s a m e  a s  t h e  o n e s  i n  1st a n d  2 n d t r e e
� A n d  s o  o n  t i l l  a l l  S P T  t r e e s  a r e  b u i l t  o n  a  g i v e n  n o d e
� S i n c e  a l l  n o d e s  f o l l o w  t h e  s a m e  a l g o r i t h m ,  a l l  t h e  S P T s t r e e s  b u i l t  i n  t h i s  w a y  o n  e a c h  n o d e  a r e  e x a c t l y  t h e  s a m e  a s  a n y  o t h e r  n o d e s  – e . g . ,  t h e  s a m e  s e t  o f  S P T  t r e e s  a r e  c o m p u t e d  o n  e v e r y  n o d e .    
� S i n c e  e a c h  n o d e  n e e d s  t o  c o m p u t e  a  S P T  t r e e  f o r  e v e r y  BEB a n y w a y ,  t h e  c o s t  o f  s u c h  c o n g r u e n c y  i s  m i n i m a l  b e c a u s e  t h e  i n f o r m a t i o n  a l r e a d y  e x i s t .  
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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

L6L5

L2

L1

L3

L4 R7

L6L5

L2

L1

L3

L4 L7

R8

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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M o di f i c at i o n t o  C F M  P r o c edu r es
� Currentl y CCM ,  L BM ,  L BR,  L T M ,  a nd  L T R a re a l l  using 
th e sa me V I D  f or a  giv en M A

� L BM  a nd  L T M  sh oul d  b e mod if ied  to ca rry th e B-V I D  
a ssocia ted  w ith  th e rev erse p a th  so th a t w h en a  M EP  
or M I P  need s to send  a  L BR or L T R,  it ca n simp l y use 
th e a ssocia ted  B-V I D

� T h is mod if ica tion is need ed  a nyw a y to sup p ort CF M  f or 
E-T REE !
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E x am p l e o f  C F M  E nh anc em ent s  

R1

S P T -1
L6L5

L2 L3

L4 L7

L8

1 . R 1  s e n d s  C C  m e s s a g e s  t o t h e  l e a v e s
2 . L e t s  s a y  L 3  d oe s n ’t  r e c e i v e  i t
3 . L 3  t h e n  s e n d s  a  L B M  t o C 1  on  t h e  B -

V I D  c or r e s p on d i n g  t o i t s  S P T  t r e e  ( B -
V I D -3 )  a n d  a n  i n d i c a t i on  t h a t  t h e  
r e s p on s e  s h ou l d  b e  s e n t  on  B -V I D -1  
( c or r e s p on d i n g  t o R 1  w h os e  C C  
m e s s a g e s  w e r e  n ot  r e c e i v e d )

C 1

C 3 C 4

C 2
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C o ngr u enc y  &  C o nges t i o n M anagem ent
� W h en using p er-V I D  S P T ,  th en Ba ck w a rd  Congestion 
ind ica tion ca n b e sent on th e V I D  a ssocia ted  w ith  nod e 
origina ting th e Ba ck w a rd  Congestion I nd ica tion.
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C o m p ar i s o n
� V I D -b a sed  S P T  w a s d escrib ed  in my p reso ( M a y 2007 )  
a nd  some comp a risons w ere ma d e b etw een V I D -b a sed  
a nd  M A C-b a sed  S P T ,  h ere a re some a d d itiona l  
comp a risons 

� Comp a rison b etw een th e tw o a p p roa ch es a re ma d e 
b a sed  on th e f ol l ow ing f a ctors

- T r e e  I d e n t i f i c a t i on
- R P F  C h e c k
- S c a l a b i l i t y
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T r ee I dent i f i c at i o n
� F or unica st f orw a rd ing,  S V L  mod e ca n b e used  a nd  a  
singl e F il tering d a ta b a se ca n b e used  a t a  giv en nod e 
f or RP F  ch eck  a nd  f or unica st f orw a rd ing

� F or mul tica st f orw a rd ing,  if  th e sa me group  a d d ress is 
used  f or d if f erent trees,  th en w e need  a  w a y to id entif y 
th e tree source – e.g.,  need  to id entif y ( S , G )  a nd  th e 
a ssocia ted  f orw a rd ing ta b l e ( S V L  ca n not b e used  or 
el se it ca n resul t in l oop )

� T h eref ore,  w e need  to h a v e I V L  mod e f or mca st w h ich  
mea ns w e need  a n ind ex  id entif ier f or F I D  ( e.g.,  need  to 
b e a b l e to id entif y th e tree) .
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T r ee I dent i f i c at i o n – C o nt .
� I n V I D  S P T  a p p roa ch ,  V I D  is used  to id entif y th e S P T  
tree a s d one currentl y w ith  802.1Q b rid ges

� I n M A C S P T  a p p roa ch ,  source B-M A C a d d ress is used  
to id entif y th e S P T  tree w h ich  h a s th e f ol l ow ing 
imp l ica tions in P BBN :

- N e e d  t o h a v e  on e  t r e e  p e r  B -M A C  a d d r e s s  – w h i c h  i s  n ot  
p r a c t i c a l  a n d  d oe s n ’t  s c a l e
- N e e d  t o h a v e  s ou r c e  t r e e -I D  e m b e d d e d  i n  B -M A C -S A  w h i c h  
w ou l d  t h e n  r e q u i r e  p a r t i a l  l ook u p  of  M A C  a d d r e s s e s  i n  b r i d g e s  
( s i m i l a r  t o r ou t e r s  ! ! )  a n d  w ou l d  r e q u i r e  p a r t i t i on i n g  of  M A C  
s p a c e  b a s e d  on  h i e r a r c h i c a l  a s s i g n m e n t  (  b ox  +  l i n e -c a r d / p or t )
- h i e r a r c h i c a l  a s s i g n m e n t  w ou l d  r e q u i r e  e i t h e r  a  g l ob a l  s c h e m e  
or  w ou l d  r e q u i r e  f l e x i b l e  b i t -m a s k i n g  t o a c c om m od a t e  d i f f e r e n t  
a s s i g n m e n t s  i n  d i f f e r e n t  a d m i n  d om a i n s  ( w h i c h  m a k e s  i t  v e r y  
s i m i l a r  t o I P  s u b n e t  m a s k  ! ! )
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R P F  C h ec k
� V I D  S P T  mech a nism requires RP F  ch eck  b a sed  on 
V L A N  w h ich  is inl ine w ith  current b rid ge op era tion

� T o sup p ort uni-d irection tree,  w e need  some 
mod if ica tions to sep a ra te ingress f il tering f rom egress 
f il tering a s d escrib ed  in my p reso in M a y ( 2-b it v ector 
ra th er th a n 1-b it v ector)

� M A C S P T  mech a nism requires RP F  ch eck  b a sed  on B-
M A C-S A  w h ich  requires tw o M A C l ook up s p er f ra me –
one on M A C-D A  f or f orw a rd ing a nd  th e oth er f or M A C-
S A  f or RP F C
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S c al ab i l i t y
� VID SPT mechanism gives us max of 4K trees which typically translates 

into numb er of nod es in a single network  b ut it can translates into fewer 
nod es if multiple trees are used  per nod e ( e. g. ,  one way of d oing E C M P)

� M A C  SPT mechanism can potentially support more than 4K trees b ut it 
can also b e limited  to fewer than 4K b ased  on hierarchical assignment in 
M A C  ad d ress ( e. g. ,  allocation of fewer than 1 2  b its for nod e ID in M A C  
ad d ress)

� A  single b rid ged  network  typically contains in ord er of tens or hund red s of 
nod es b ut not thousand s ! !  W ith thousand s of nod es in network ,  then IG P 
convergence b ecomes an issue specially when calculating thousand s of 
trees per nod e simultaneously.  A d d  to that numb er of mcast trees per 
nod e tree,  then the convergence can really b ecome an issue.



23


