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Objective
� Evaluate performance of ECM and QCN (both 2pt and 3pt) in some of the benchmark  scenarios defined in “Topologies & Workloads” 1

Baseline
S ing le-H o p  O u t p u t -G ener at ed  H o t sp o t
M u lt i-H o p  O u t p u t -G ener at ed  H o t sp o t
F at -t r ee

� Metrics
T ier  1  P er f o r m anc e m et r ic s f r o m  “Discussion About Metrics” 2

Aggregate throughput
P ac k ets  d ropped  
%  ti m e paus ed
S i gn al i n g ov erhead
Q ueue l en gth
B ottl en ec k  l i n k  uti l i z ati on

1 h t t p : / / w w w . i e e e 8 0 2. o r g / 1/ f i l e s / p u b l i c / d o c s 20 0 7 / a u -s i m -w a d e k a r -r e q d -e x t e n d e d -s i m -l i s t 0 20 8 0 7 . p d f
2  h t t p : / / w w w . i e e e 8 0 2. o r g / 1/ f i l e s / p u b l i c / d o c s 20 0 7 / a u -s i m -b e r g a m a s c o -o n -m e t r i c s -0 7 0 3 14 . p d f
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S im u l a tio n  E n vir o n m en t
� Br id g e ar c h it ec t u r e as p er  “ C N -S I M:  A com m on B rid g e Mod el ” 1

� Br id g e o u t p u t  b u f f er  p ar t it io ned  p er  inp u t  p o r t
1 5 0  K B  of  s pac e f or eac h i n put � 2 . 4  M B  f or 1 6  ports
P aus e T hres hol d s

H i gh w aterm ark  =  1 3 0  K B
L ow  w aterm ark  =  1 1 0  K B

� N I C  b u f f er  1 5 0  K B
� L ink  p r o p ag at io n d elay  =  0 . 5  µs
� Br id g e/ N I C  p r o c essing  d elay  =  1  µs
� E C M  p ar am et er s

W  =  2
G i =   5. 333333333 x  10 -1
G d =   2. 666666667 x  10 -4
Q e q =  375
Q m c =  130 0  ( E C M -M a x )
F i x e d S a m p l i n g I n t =  750 0 0  B
R a n d o m S a m p l i n g I n t =  u n i f o r m ( -50 0 0 ,  50 0 0 )  B
O v e r s a m p l i n g E n a b l e d
E C M ( 0 , 0 )  d i s a b l e d
D r i f t  d i s a b l e d

1 http://www.ieee802.org/1/files/public/docs2006/au-sim -bergam asco-com m on -bridge-m odel-101206v 2.pdf

� Q C N  p ar am et er s
W  =  2
R i =  12 M b p s
G d =  0 . 0 0 78125
Q e q =  40 9
N b i t s =  6
P m i n =  0 . 0 1
P m a x =  0 . 1
F R T h r =  5
F R B y t e C n t =  150 0 0 0
A I B y t e C n t =  3750 0
R e f P =  0 . 0 4 ( 3p t  o n l y )
E F R  e n a b l e d
H y p e r A c t i v e I n c r e a s e  d i s a b l e d
D r i f t  d i s a b l e d
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B a s el in e
� T opolog y  &  W ork load

� T r af f ic  p at t er n
L oad :  H 1 -H 4  =  5 0 %  H 5  =  0 %
S pati al l y :  H 1 -H 4  � H 5
T em poral l y :  B ern oul l i

Congestion
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B a s el in e
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B a s el in e
� Observations

Ex tra F ast R ecovery  (EF R ) is essential for stability
W ithout EF R ,  QCN w ould spend too long  in A ctive I ncrease 
(A I ),  w here the rate g row s ex ponentially ,  resulting  in 
instability

B y te-based sampling  is to be preferred to P ack et-based 
sampling  to reduce j itter
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B a s el in e
O b servat ion s
� B oth QCN-2pt and QCN-3pt 
seem to do their j ob at 
controlling  cong estion

� A s ex pected,  ECM performs 
somew hat better

Q C N  t r ad es o f f  p er f o r m anc e 
f o r  sim p lic it y

� QCN-2pt,  being  the simplest 
alg orithm,  suffers more than 
QCN-3pt
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S in g l e-H o p  Ou tp u t G en er a ted  H o ts p o t
� T opolog y  &  W ork load

� T r af f ic  p at t er n
– Load: H0-H9  =  8 5 %
– S p at i al l y : U n i f or m  ( e x c e p t  s e l f )
– T e m p or al l y : B e r n ou l l i

B

H0

H1

H2

H9

Temporary reduction in 
s erv ice rate f rom 1 0  to 

2 ,  0 . 5  and 0  G b ps

� H o t sp o t
– D u r at i on : 4 00 m s ,  f r om  ti =  1 00 t o tf =  5 00 m s
– HS  de g r e e  =  9
– HS  s e v e r i t y  =  3 . 2 5  /  1 5  /  ∞ : 1

Congestion
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2  G b/ s H o ts p o t ( w ith  P a u s e)

1 4 0. 3 600. 045 . 7 98 2 . 2 8Q CN -3 p

0

0

0

Dropped 
F ra m es

[# ]

8 2 . 4 4

8 1 . 9 9

6 2 . 7 9

A g g reg a t e
T h rou g h pu t

[G b / s ]

0

0. 1 5

3 1 . 8 6

A v g T i m e 
P a u s ed
[% ]

O v erh ea d

[M b / s ]

H ot  P ort  
T h rou g h pu t

[G b / s ]

4 . 8 35 . 9 5E CM

0. 5 1 75 . 4 9Q CN -2 p

06 . 01N O CM
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0 . 5  G b/ s H o ts p o t ( w ith  P a u s e)

1 3 4 . 8 004 . 5 54 . 7 37 8 . 6 5Q CN -3 p

0

0

0

Dropped 
F ra m es

[# ]

8 1 . 8 1

7 7 . 4 0

5 7 . 3 3

A g g reg a t e
T h rou g h pu t

[G b / s ]

0

7 . 07

3 7 . 9

A v g T i m e 
P a u s ed
[% ]

O v erh ea d

[M b / s ]

H ot  P ort  
T h rou g h pu t

[G b / s ]

4 . 5 15 . 3 2E CM

0. 6 6 74 . 09Q CN -2 p

05 . 4 1N O CM
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0  G b/ s H o ts p o t ( w ith  P a u s e)

8 7 . 8 103 6 . 5 74 . 1 85 1 . 5 3Q CN -3 p

0

0

0

Dropped 
F ra m es

[# ]

5 5 . 5 4

3 5 . 5 5

5 5 . 5 3

A g g reg a t e
T h rou g h pu t

[G b / s ]

3 4 . 3 0

3 9 . 4 0

3 9 . 9 1

A v g T i m e 
P a u s ed
[% ]

O v erh ea d

[M b / s ]

H ot  P ort  
T h rou g h pu t

[G b / s ]

4 . 8 14 . 9 9E CM

0. 3 52 . 5 7Q CN -2 p

05 . 2 1N O CM
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Obs er va tio n s
� Q C N -3 p t  p er f o r m anc e is so m ew h er e in b et w een E C M  and  Q C N -2 p t
� H o w ev er ,  it s c o nt r o l t r af f ic  o v er h ead  is 1  t o  2  o r d er s o f  m ag nit u d e lar g er  
t h at  t h e o t h er s

F r a m e s  w i t h  D E = 0  
f r o m  H1-H9

F r a m e s  w i t  D E = 0  
f r o m  H0 ,  H2 -9

Q C N ( F b = 0 )  
f r a m e s  t o  H1-H9

Q C N ( F b = 0 )  
f r a m e s  t o  H0 ,  H2 -9

� R ef l ec ti on  P oi n ts  ( i . e. ,  en d  n od es )    
gen erate Q C N ( F b = 0 )  m es s ages  b y  
s am pl i n g f ram es  w i th D E = 0

� U n f ortun atel y  thos e f ram es  are the 
v as t m aj ori ty  of  the traf f i c

� C on trol  traf f i c  ov erhead :
Q C N -3 p t  ~  O ( N )  *  O ( L)
E C M / Q C N -2 p t  ~  O ( C P )  *  O ( B )
N : n u m b e r  of  n ode s ,  L: of f e r e d l oad
C P : n u m b e r  of  C P s ,  B : b ot t l e n e c k  B W
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P a u s e D is a bl ed
� S am e sc enario and  w ork l oad s re-ru n w ith  p au se 
d isabl ed

� R esu l ts m ay  not be rep resentative of  real ity
T here is no reliable transport lay er (no retransmissions)
T hroug hput is hig her

T opolog y  too simple
D oes not show  block ing  due to frame loss on I S L s
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2  G b/ s H o ts p o t ( w / o  P a u s e)

1 4 0. 093 705 . 7 38 2 . 2 3Q CN -3 p

0

5 4

2 1 4 5 6 9

Dropped 
F ra m es

[# ]

8 2 . 4 4

8 2 . 02

8 2 . 4 1

A g g reg a t e
T h rou g h pu t

[G b / s ]

0

0

0

A v g T i m e 
P a u s ed
[% ]

O v erh ea d

[M b / s ]

H ot  P ort  
T h rou g h pu t

[G b / s ]

4 . 8 35 . 9 5E CM

0. 5 005 . 5 2Q CN -2 p

05 . 9 1N O CM
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0 . 5  G b/ s H o ts p o t ( w / o  P a u s e)

1 3 9 . 12 0404 . 8 18 1 . 03Q CN -3 p

0

6 6 5

2 6 4 5 7 5

Dropped 
F ra m es

[# ]

8 1 . 8 1

8 0. 3 3

8 1 . 8 1

A g g reg a t e
T h rou g h pu t

[G b / s ]

0

0

0

A v g T i m e 
P a u s ed
[% ]

O v erh ea d

[M b / s ]

H ot  P ort  
T h rou g h pu t

[G b / s ]

4 . 5 15 . 3 2E CM

0. 4 1 93 . 8 2Q CN -2 p

05 . 3 1N O CM
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0  G b/ s H o ts p o t ( w / o  P a u s e)

1 3 3 . 051 4 5 3 704 . 6 68 1 . 1 5Q CN -3 p

3 1 4 3

3 5 09

2 8 1 2 1 9

Dropped 
F ra m es

[# ]

8 1 . 5 9

8 0. 7 1

8 1 . 6 1

A g g reg a t e
T h rou g h pu t

[G b / s ]

0

0

0

A v g T i m e 
P a u s ed
[% ]

O v erh ea d

[M b / s ]

H ot  P ort  
T h rou g h pu t

[G b / s ]

2 7 . 1 85 . 1 0E CM

3 . 3 94 . 2 1Q CN -2 p

05 . 1 1N O CM
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Obs er va tio n s
� S am e as sl id e # 7  and  # 1 2
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M u l ti-H o p  Ou tp u t G en er a ted  H o ts p o t
� T opolog y  &  W ork load

Temporary reduction in 
s erv ice rate f rom 

1 0  to 2 ,  0 . 5 ,  and 0  G b ps

� H o t sp o t
– D u r at i on : 4 00 m s ,  f r om  ti =  1 00 t o tf =  5 00 m s
– HS  de g r e e  =  9
– HS  s e v e r i t y  =  1 . 5 8  /  6 . 3 3  /  ∞ : 1

S1H1

H2

H3
S6

S4 S3

S2

H4

H5

H6

H7

H8

H9

H10

� T r af f ic  p at t er n
– Load: H1 -6  =  2 5 %  H7 -1 0 =  4 0%
– S p at i al l y : U n i f or m  ( e x c e p t  s e l f )
– T e m p or al l y : B e r n ou l l i

Congestion
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2  G b/ s H o ts p o t ( w ith  P a u s e)

5 2 . 3 700. 1 22 . 6 53 0. 4 8Q CN -3 p

0

0

0

Dropped 
F ra m es

[# ]

3 0. 5 1

3 0. 3 2

2 6 . 9 1

A g g reg a t e
T h rou g h pu t

[G b / s ]

0. 03

0. 1 0

2 9 . 8 5

A v g T i m e 
P a u s ed
[% ]

O v erh ea d

[M b / s ]

H ot  P ort  
T h rou g h pu t

[G b / s ]

1 . 5 62 . 6 9E CM

0. 5 32 . 6 0Q CN -2 p

02 . 7 0N O CM
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0 . 5  G b/ s H o ts p o t ( w ith  P a u s e)

4 8 . 7 302 . 5 41 . 9 52 7 . 9 5Q CN -3 p

0

0

0

Dropped 
F ra m es

[# ]

2 9 . 4 1

2 5 . 1 9

2 1 . 5 8

A g g reg a t e
T h rou g h pu t

[G b / s ]

1 . 02

1 . 9 6

3 5 . 4 8

A v g T i m e 
P a u s ed
[% ]

O v erh ea d

[M b / s ]

H ot  P ort  
T h rou g h pu t

[G b / s ]

2 . 3 12 . 08E CM

0. 8 41 . 8 5Q CN -2 p

02 . 1 0N O CM
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0  G b/ s H o ts p o t ( w ith  P a u s e)

3 1 . 0603 7 . 1 11 . 6 41 7 . 8 1Q CN -3 p

0

0

0

Dropped 
F ra m es

[# ]

1 9 . 6 2

1 2 . 7 3

1 9 . 7 0

A g g reg a t e
T h rou g h pu t

[G b / s ]

3 8 . 4 3

3 9 . 8 9

4 0. 1 0

A v g T i m e 
P a u s ed
[% ]

O v erh ea d

[M b / s ]

H ot  P ort  
T h rou g h pu t

[G b / s ]

2 . 8 41 . 8 5E CM

0. 6 20. 7 0Q CN -2 p

01 . 9 1N O CM
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Obs er va tio n s
� S am e as sl id e # 7  and  # 1 2



Cisco PublicE D CS -5 8 6 8 3 8 23

P a u s e D is a bl ed
� S am e sc enario and  w ork l oad s re-ru n w ith  p au se 
d isabl ed

� R esu l ts m ay  not be rep resentative of  real ity
T here is no reliable transport lay er (no retransmissions)
T hroug hput is hig her

T opolog y  too simple
D oes not show  block ing  due to frame loss on I S L s
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2  G b/ s H o ts p o t ( w / o  P a u s e)

5 1 . 9 51 1 502 . 6 73 0. 5 2Q CN -3 p

3 0

1 1 9

3 8 9 4 5

Dropped 
F ra m es

[# ]

3 0. 5 2

3 0. 4 7

3 0. 5 2

A g g reg a t e
T h rou g h pu t

[G b / s ]

0

0

0

A v g T i m e 
P a u s ed
[% ]

O v erh ea d

[M b / s ]

H ot  P ort  
T h rou g h pu t

[G b / s ]

0. 9 92 . 6 9E CM

0. 3 72 . 6 4Q CN -2 p

02 . 7N O CM
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0 . 5  G b/ s H o ts p o t ( w / o  P a u s e)

5 1 . 018 8 801 . 9 62 9 . 8 0Q CN -3 p

2 5 6

7 01

8 8 7 8 5

Dropped 
F ra m es

[# ]

2 9 . 9 1

2 9 . 6 3

2 9 . 9 2

A g g reg a t e
T h rou g h pu t

[G b / s ]

0

0

0

A v g T i m e 
P a u s ed
[% ]

O v erh ea d

[M b / s ]

H ot  P ort  
T h rou g h pu t

[G b / s ]

0. 52 . 08E CM

0. 3 11 . 8 0Q CN -2 p

02 . 1 0N O CM
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0  G b/ s H o ts p o t ( w / o  P a u s e)

4 9 . 2 27 04 001 . 7 62 9 . 6 2Q CN -3 p

8 5 5

4 1 8 6

2 1 09 06

Dropped 
F ra m es

[# ]

2 9 . 6 6

2 9 . 4 2

2 9 . 7 6

A g g reg a t e
T h rou g h pu t

[G b / s ]

0

0

0

A v g T i m e 
P a u s ed
[% ]

O v erh ea d

[M b / s ]

H ot  P ort  
T h rou g h pu t

[G b / s ]

0. 3 61 . 8 4E CM

0. 2 31 . 6 0Q CN -2 p

01 . 9 0N O CM
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Obs er va tio n s
� S am e as sl id e # 7  and  # 1 2
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F a t T r ee Ou tp u t G en er a ted  H o ts p o t
� T o p o lo g y :  3 -lev el F at  T r ee ( 4 -ar y  n-f ly )  w it h  4 8  sw it c h es and  6 4  h o st s

- O pti m al  s hortes t-path f orw ard i n g &  opti m al  l oad  b al an c i n g ( perf ec t has hi n g)

� T r af f ic  p at t er n
– Load 8 5 %
– S p at i al l y : U n i f or m  ( e x c e p t  s e l f )
– T e m p or al l y : B e r n ou l l i

� H o t sp o t
– D u r at i on : 4 00 m s ,  f r om  ti =  1 00 t o tf =  5 00 m s
– R at e  du r i n g  HS : 2  an d 0. 5  G b p s
– HS  de g r e e  =  6 3
– HS  s e v e r i t y  =  4 . 2 5  /  1 7  : 1



Cisco PublicE D CS -5 8 6 8 3 8 29

2  G b/ s H o ts p o t ( w ith  P a u s e)

9 2 3 . 801 . 1 85 . 7 15 3 3 . 08Q CN -3 p

0

0

0

Dropped 
F ra m es

[# ]

5 3 7 . 02

5 3 0. 9 1

3 8 1 . 3 3

A g g reg a t e
T h rou g h pu t

[G b / s ]

0. 7 9

1 . 04

2 9 . 5 6

A v g T i m e 
P a u s ed
[% ]

O v erh ea d

[M b / s ]

H ot  P ort  
T h rou g h pu t

[G b / s ]

1 4 1 . 8 75 . 8 3E CM

1 2 . 15 . 4 7Q CN -2 p

05 . 9N O CM
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0 . 5  G b/ s H o ts p o t ( w / o  P a u s e)

8 6 0. 1 607 . 8 44 . 7 54 8 7 . 5 8Q CN -3 p

0

0

0

Dropped 
F ra m es

[# ]

5 1 0. 6 6

4 9 1 . 5 0

3 4 3 . 5 5

A g g reg a t e
T h rou g h pu t

[G b / s ]

5 . 4 9

6 . 5 4

3 7 . 3 1

A v g T i m e 
P a u s ed
[% ]

O v erh ea d

[M b / s ]

H ot  P ort  
T h rou g h pu t

[G b / s ]

1 2 3 . 5 15 . 2E CM

2 5 . 9 54 . 5 9Q CN -2 p

05 . 3N O CM
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F in a l  R em a r k s
� Q C N -2 p t and  Q C N -3 p t seem  to d o th eir j ob at 
c ontrol l ing  c ong estion

� H ow ever,  being  a sim p l if ic ation of  E C M ,  th eir 
p erf orm anc e is som ew h at l ow er,  esp ec ial l y  rec overy  
f rom  c ong estion events seem s sl ow er

� Q C N -3 p t d oes not seem  too ef f ic ient w ith  reg ard s to 
c ontrol  traf f ic  overh ead  ( f eed bac k  is g enerated  al so in 
absenc e of  c ong estion)

� R ec om m end ations:  focus on QCN-2 p t  a nd  i m p r ov e  
r e cov e r y  t i m e



Cisco PublicE D CS -5 8 6 8 3 8 32

N ex t s tep s
� C om p l ete f at tree sim u l ations
� C over rem aining  sc enarios
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