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What is ECM?
� ECM is a Layer 2 congestion management mechanism
� F o r m e r l y  k n o w n  as B CN
� “Co m p r e h e n siv e ” d o c u m e n t  av ail ab l e  o n  I EEE 8 0 2. 1  w e b sit e :

http://www.ieee802.org/1/files/public/docs2007/au-bergam asco-ecm -v 0.1.pdf
� Principles

� Push congestion from the core towards the edge of the network
� U se rate-l imiters at the edge to “shap e” fl ows causing congestion
� C ontrol  inj ection rate b ased on feedb ack coming from congestion p oints

� I nspired  b y  T C P
� A I M D  rate control

� T C P window increases l inearl y  in ab sence of congestion
� D ecreases ex p onential l y  ( gets hal v ed)  at ev ery  congestion indication ( either imp l icit or ex p l icit)

� S el f-C l ocking C ontrol  l oop  ( acknowl edgements)
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ECM Co n c e p ts
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C on gest ion  
M an agemen t  

Domain

Congestion Point: 
Detection Component

R ea c tion Point:
R ea ction Component

Pr otoc ol :
S ig na l ing  Component
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ECM Co n c e p ts:  S ig n al in g
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ECM Co n c e p ts:  S ig n al in g
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ECM Co n c e p ts:  S ig n al in g
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ECM Co n c e p ts:  D e te c tio n
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ECM Co n c e p ts:  D e te c tio n

Sampling Interval = 99 KB Sampling Interval = 1 0 5  KB

� B y t e -b ase d  S am p l in g
� P desired frame samp l ing p rob ab il ity  
� E [ L ]  is the av erage frame l ength
� S amp l ing interv al  is S  =  E [ L ]  /  P
� E . g. ,  P =  0 . 0 1 ,  E [ L ]  =  1  K B  � S amp l e a frame ev ery  1 0 0  K B  receiv ed

� To  av o id  b ias,  sm al l  r an d o m  c o m p o n e n t  ad d e d  t o  sam p l in g  in t e r v al
� S  =  S f +  S r� E [ S ]  =  S f +  E [ S r]  � E [ S r]  =  E [ L ] / P – S f
� E . g. ,  if E [ S ]  =  1 0 0  K B  and S f =  9 0  K B  � E [ S r]  =  1 0  K B  � S r ∈ [ 0 ,  2 0 ]  K B
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ECM Co n c e p ts:  D e te c tio n
� Congestion Point state and configuration variables

� State:
� Q l e n : c u r r e n t  q u e u e  l e n g t h
� Q o l d : q u e u e  l e n g t h  at  p r e v io u s sam p l e
� B y t e c o u n t : #  b y t e s ar r iv e d  sin c e  l ast  sam p l e

� C o n f i g u r ati o n :
� Q e q : e q u il ib r iu m  t h r e sh o l d
� Q m c : m e d iu m  c o n g e st io n  t h r e sh o l d  ( B CN -MA X  t r ig g e r )
� Q sc : se v e r e  c o n g e st io n  t h r e sh o l d  ( B CN ( 0 , 0 )  t r ig g e r )
� S f : f ix e d  sam p l in g  in t e r v al
� S r : r an d o m  sam p l in g  in t e r v al  r an g e
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ECM Co n c e p ts:  R e ac tio n
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ECM Co n c e p ts:  R e ac tio n
� R ate adj ustm ent
h a n d l e _ b c n _ f r a m e (  r a t e _ l i m ,  b c n _ f r a m e )
{

F b =  c a l c _ f e e d b a c k (  b c n _ f r a m e );
i f  ( F b <  0)
{

r a t e _ l i m -> R  =  r a t e _ l i m -> R  *  (  1 – m i n (  - G d *  F b ,  a l p h a  ) );
r a t e _ l i m -> C P I D  =  b c n _ f r a m e -> C P I D ;

}
e l s e
{

i f  (  b c n _ f r a m e . C P I D = =  r a t e _ l i m -> C P I D  )
{ r a t e _ l i m -> R  =  r a t e _ l i m -> R  + m i n (  G i *  F b ,  b e t a  );}}

}
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ECM Co n c e p ts:  R e ac tio n
� S evere congestion reaction:  E CM ( 0 , 0 )

�Cu r r e n t  r at e  R is se t  t o  0
� S t ar t  r an d o m  t im e r  T ∈ [ 0 , TMax] : 
� W h e n  t im e r  T e x p ir e s R � RMi n

� N e x t  ECM( 0 , 0 )  c au se s e x p o n e n t ial  b ac k -o f f :
� TMax � TMax *  2     an d     RMi n � RMi n /  2

� N e x t  p o sit iv e  f e e d b ac k  r e se t s TMax an d  RMi n

t

ECM(0,0)

R

Ra n d o m
T i m e

ECM+

Rmin
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ECM Co n c e p ts:  R e ac tio n
� S elf-increase ( ak a drift)

� A t  r e g u l ar  in t e r v al s Td  c u r r e n t  r at e  R � R +  Rd
� P u r p o se s:

� S p e e d u p  r e c o v e r y  f r o m
� ECM( 0 , 0 )
� L o ss o f  sig n al in g  f r o m  CP

� I m p r o v e  f air n e ss
� Re c l aim  a r at e  l im it e r  at  f l o w  t e r m in at io n

� R T T  estim ator
�RTTavg � ( 1  – 2-W r t t )  RTTavg +  2-W r t t *  RTT
�RTT m ay  b e  u se d  f o r  ad j u st in g  ECM p ar am e t e r s as n e t w o r k  
c o n d it io n  c h an g e  ( st il l  e x p e r im e n t al )
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ECM Co n c e p ts:  R e ac tio n
� R eaction Point state and configuration v ariab l es

� State (per rate-l i m i ter) :
� R: curren t rate
� C P I D : curren t C P I D
� RT T av g: last m easured RT T
� Rm in : curren t m in im um  back -off rate
� T m ax : curren t m ax im um  back -off tim e

� C o n f i g u rati o n :
� W: weight of deriv ativ e com pon en t
� G d: decrease gain
� G i: in crease gain
� α: m ax im um  rate decrease ( fraction  of curren t rate)
� β: m ax im um  rate in crease ( fraction  of lin k  capacity )
� Wrtt: weight of the E WM A  RT T  filter
� T d: self-in crease tim er
� Rd: self-in crease am oun t
� Rm in : m in im um  back -off rate
� T m ax : m ax im um  back -of tim e
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Q u e stio n s?
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