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•  With	
  standard	
  TCP	
  CC’s	
  mul,plica,ve	
  decrease	
  factor	
  (β	
  =	
  0.5):	
  more	
  throughput	
  
means	
  more	
  buffering	
  (more	
  latency)	
  

–  1	
  BDP	
  for	
  full	
  uBlizaBon	
  	
  	
  

•  AQM	
  solu,ons:	
  aiming	
  to	
  keep	
  the	
  average	
  latency	
  low:	
  (FQ_)CoDel,	
  PIE,	
  ARED,	
  …	
  	
  	
  

•  AQMs’	
  default	
  thresholds	
  translate	
  into	
  a	
  Bny	
  average	
  buffer	
  (e.g.	
  5ms~20ms	
  for	
  
CoDel	
  and	
  PIE)	
  

	
  

Internet’s	
  Latency	
  Problem	
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•  Under-­‐uBlizaBon	
  sBll	
  a	
  problem	
  when	
  RTT	
  increases	
  

The	
  Problem	
  with	
  using	
  AQMs	
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§  Link	
  under-­‐uBlizaBon	
  with	
  AQMs’	
  

default	
  thresholds	
  when	
  RTTs	
  
head	
  above	
  60ms~80ms	
  	
  	
  

	
  

Problem	
  with	
  long-­‐RTT	
  paths	
  

link capacity
(C.2Tp)

time

Under-utilized portion of the link capacity

buffering (b)

CWmax

β.CWmax



	
  

	
  

Can	
  we	
  use	
  a	
  larger	
  TCP	
  β?	
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•  Packet	
  loss:	
  tail-­‐loss	
  (and	
  other	
  sources	
  of	
  loss)	
  versus	
  AQM-­‐loss	
  	
  
–  Not	
  a	
  good	
  indicator	
  of	
  the	
  onset	
  of	
  congesBon	
  

•  An	
  ECN-­‐CE	
  signal	
  explicitly	
  indicates	
  an	
  AQM’s	
  presence	
  (most	
  likely	
  to	
  be	
  
(FQ_)CoDel	
  or	
  PIE)	
  with	
  a	
  low	
  marking	
  threshold	
  	
  	
  

•  Alterna,ve	
  Backoff	
  with	
  ECN	
  (ABE):	
  only	
  a	
  simple	
  TCP	
  parameter	
  change	
  
=>	
  use	
  a	
  β	
  higher	
  than	
  0.5	
  in	
  response	
  to	
  ECN-­‐CE	
  (βECN)	
  and	
  react	
  with	
  
β=0.5	
  in	
  response	
  to	
  loss	
  	
  	
  

–  Few	
  lines	
  of	
  code	
  in	
  kernel	
  (in	
  the	
  sender	
  only)	
  

	
  

Alterna,ve	
  Backoff	
  with	
  ECN	
  (ABE)	
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Latency	
  vs.	
  throughput	
  tradeoff	
  (#1)	
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Latency	
  vs.	
  throughput	
  tradeoff	
  (#2)	
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One NewReno flow, PIE @ 10 Mbps, RTT=100 
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Latency	
  vs.	
  throughput	
  tradeoff	
  (#3)	
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Source:	
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§  Low	
  latency	
  and	
  high	
  u,liza,on	
  	
  

ABE	
  Performance	
  	
  



TCP	
  Convergence	
  Time	
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Friendliness	
  with	
  standard	
  	
  (loss-­‐based)	
  TCP	
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ABE	
  and	
  slow-­‐start	
  (#1)	
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-  Benefits	
  short	
  flows	
  terminaBng	
  right	
  aner	
  SS	
  
-  E.g.	
  reducBon	
  in	
  PLT	
  of	
  large	
  web-­‐pages	
  
-  Number	
  of	
  reducBon	
  steps	
  bound	
  to	
  logβECN (0.5)  



ABE	
  and	
  slow-­‐start	
  (#2)	
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Percentage reduction in FCT (compared to using βECN = 0.5) with 
different flow sizes @10 Mbps link with RTT =100ms 
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•  Alterna,ve	
  Backoff	
  with	
  ECN	
  (ABE):	
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  Ros,	
  Gorry	
  
Fairhurst,	
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  SebasBan	
  Zander,	
  "Alterna,ve	
  Backoff:	
  Achieving	
  Low	
  Latency	
  
and	
  High	
  Throughput	
  with	
  ECN	
  and	
  AQM",	
  Technical	
  report	
  150710A,	
  10	
  July	
  
2015,	
  Swinburne	
  University	
  of	
  Technology,	
  Australia	
  	
  
	
  
hkp://caia.swin.edu.au/reports/150710A/CAIA-­‐TR-­‐150710A.pdf	
  
	
  

dran-­‐khademi-­‐alternaBvebackoff-­‐ecn	
  
	
  

–  A	
  minor	
  sender-­‐side	
  modificaBon	
  (changes	
  βECN)	
  
–  Complies	
  with	
  RFC	
  3168	
  
–  Incremental	
  deployment	
  with	
  no	
  flag-­‐day!	
  

	
  

Conclusions	
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§  Significant	
  throughput	
  gain	
  with	
  lightly-­‐mulBplexed	
  traffic	
  
§  Low	
  latency	
  (using	
  CoDel	
  or	
  PIE)	
  
§  No	
  starvaBon	
  of	
  standard	
  TCP	
  
§  Reasonable	
  convergence	
  and	
  fairness	
  with	
  recommended	
  βs	
  

ABE	
  Performance	
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