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Key	
  features	
  of	
  (big)	
  data	
  centers:	
  
•  massively	
  parallel	
  jobs	
  (à	
  la	
  MapReduce)	
  
•  heterogeneous	
  requirements	
  (CPU,	
  RAM,	
  I/O)	
  
•  high	
  power	
  consumpJon	
  
	
  
Strong	
  impact	
  of	
  job	
  scheduling	
  on	
  performance	
  
(e.g.,	
  mean	
  response	
  Jme)	
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•  ObjecJves	
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•  Conclusion	
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Jobs	
  

Tasks	
  

Scheduling	
  

CPU	
   RAM	
  

CPU	
   RAM	
  

We	
  assume	
  tasks	
  are	
  
•  independent,	
  
•  homogeneous	
  per	
  job,	
  
•  infinitely	
  small	
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'A  CCapacity	
  constraints:	
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Capacity	
  constraint:	
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Capacity	
  constraints:	
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•  ObjecJves	
  
•  Algorithms	
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•  Conclusion	
  
	
  
	
  
	
  



Some	
  desirable	
  properJes	
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The	
  allocaJon	
  should	
  be...	
  
•  Pareto	
  efficient	
  
•  sharing	
  incenJve	
  
•  envy	
  free	
  
•  scale	
  invariant	
  

Note:	
  Equal	
  shares	
  for	
  a	
  single	
  resource	
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   RAM	
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The	
  allocaJon	
  could	
  be...	
  
•  proporJonal	
  fair	
  
•  max-­‐min	
  fair	
  
•  dominant-­‐resource	
  fair	
  
•  bodleneck-­‐max	
  fair	
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•  Weighted	
  max-­‐min	
  fairness	
  	
  

	
  
Notes:	
  	
  
•  strategy	
  proof	
  	
  
•  implemented	
  in	
  Hadoop	
  
•  only	
  one	
  saturated	
  resource	
  in	
  general	
  
	
  

	
  
	
  
	
  

wi =
1

maxj aij

dominant	
  
resource	
  of	
  job	
  	
  iGhodsi	
  et.	
  al.	
  2011	
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Notes:	
  
•  Equal	
  shares	
  for	
  a	
  single	
  bodleneck	
  
•  For	
  two	
  resources,	
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DefiniJon:	
  Each	
  job	
  has	
  the	
  maximum	
  resource	
  
share	
  on	
  at	
  least	
  one	
  bodleneck	
  	
  

	
  

	
  

	
  
	
  
	
  

Notes:	
  
•  Equal	
  shares	
  for	
  a	
  single	
  bodleneck	
  
•  For	
  two	
  resources,	
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⇥ai1 ⇥ai2
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  fair	
  rates	
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  rate	
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Jobs	
  

Tasks	
  

Scheduling	
  

CPU	
   RAM	
  

CPU	
   RAM	
  

Note:	
  Head-­‐of-­‐line	
  blocking	
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Algorithm:	
  Serve	
  the	
  job	
  with	
  the	
  smallest	
  
dominant	
  resource	
  share	
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Algorithm:	
  Serve	
  the	
  job	
  with	
  the	
  lowest	
  best	
  rank	
  
of	
  bodleneck	
  shares	
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Jobs	
  

Scheduling	
  
DRF	
  /	
  BMF	
  /	
  PF	
  

CPU	
   RAM	
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  of	
  jobs	
  N
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Capacity	
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Mean	
  service	
  rate	
  =	
  
•  Mean	
  number	
  of	
  tasks	
  of	
  an	
  acJve	
  job	
  
•  RaJo	
  of	
  mean	
  job	
  size	
  to	
  mean	
  job	
  duraJon	
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Unbalanced	
  load	
  
⇢1 = 3⇢2
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Jobs	
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Scheduling	
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Arguments	
  for	
  bodleneck-­‐max	
  fairness	
  
•  performance	
  similar	
  to	
  PF,	
  much	
  beder	
  than	
  DRF	
  
•  simple	
  algorithm	
  based	
  on	
  "best	
  rank"	
  
	
  
	
  

Jobs	
  

Scheduling	
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Conjectures	
  
•  Existence	
  of	
  BMF	
  
•  Stability	
  of	
  BMF	
  
•  PF	
  =	
  BF	
  in	
  heavy	
  traffic	
  	
  	
  
	
  
Extensions	
  	
  
•  Load	
  balancing	
  
•  Bin	
  packing	
  
•  Heterogeneous	
  jobs	
  
	
  


