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Background	  

•  Parallel	  task	  scheduling	  	  
– StaNc	  scheduling	  
– Dynamic	  scheduling	  	  

•  Dynamic	  voltage	  and	  frequency	  scaling	  (DVFS)	  

•  Power	  aware	  task	  scheduling	  with	  DVFS	  



DVFS	  model	  



Energy	  model	  



Cluster	  model	  



Job	  model	  

DAG	  model:	  T=	  (J,	  E)	  



Job	  model	  



Problem	  definiNon	  (1)	  

•  Problem	  1:	  Best-‐effort	  scheduling	  	  
– Schedule	  parallel	  tasks	  to	  a	  cluster	  
– Minimize	  the	  makespan	  
– Reduce	  energy	  consumpNon	  without	  increasing	  
the	  makespan	  



Problem	  definiNon	  (2)	  

•  energy-‐performance	  tradeoff	  scheduling	  
– Users	  can	  adopt	  some	  performance	  loss,	  for	  
example,	  increase	  the	  makespan	  

– Schedule	  tasks	  to	  a	  cluster,	  minimize	  the	  energy	  
consumpNon	  



Best	  Effort	  Scheduling	  Algorithm	  (1)	  

•  schedule	  tasks	  via	  the	  ETF	  scheduling	  
algorithm	  	  

•  scale	  down	  PE’s	  voltages	  for	  all	  non-‐criNcal	  
jobs	  



ETF	  scheduling	  algorithm	  

•  ETF:	  Early	  task	  first	  algorithm	  
•  Compute	  prioriNes	  for	  all	  tasks	  	  
–  Currently	  we	  use	  b_level,	  which	  is	  the	  long	  length	  from	  a	  
task	  to	  the	  exist	  node	  

•  Sort	  all	  tasks	  
•  Put	  tasks	  that	  ready	  to	  execute	  in	  the	  ready	  queue	  with	  
task	  priority	  

•  Select	  the	  first	  task	  from	  ready	  queue	  
•  Select	  a	  resource	  for	  this	  task,	  so	  as	  to	  give	  the	  earliest	  
task	  finish	  Nme	  

•  Loop	  this	  scheduling	  Nll	  all	  tasks	  are	  scheduled	  



Scale	  down	  non-‐criNcal	  tasks	  

•  for	  all	  PEs	  
–  for	  all	  Nme	  slots	  in	  this	  PE	  
•  If	  this	  Nme	  slot	  executes	  a	  communicaNon	  or	  this	  Nme	  
slot	  is	  idle	  	  

•  Then	  scale	  down	  the	  voltage	  of	  this	  PE	  in	  this	  Nme	  slot	  

•  If	  this	  Nme	  slot	  execute	  a	  non-‐criNcal	  task	  
•  Then	  scale	  down	  the	  voltage	  of	  this	  PE	  in	  this	  Nme	  slot	  
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Gan^	  Chart	  
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	  Energy-‐performance	  tradeoff	  
scheduling	  algorithm	  

•  Execute	  Early	  task	  first	  algorithm	  (ETF)	  
•  Scale	  down	  PE’s	  voltages	  for	  criNcal	  tasks	  with	  
the	  predefined	  acceptable	  performance	  loss	  
rate.	  

•  Scale	  down	  PE’s	  voltages	  for	  non-‐criNcal	  jobs	  
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EvaluaNon	  (1)	  

•  SimulaNon	  study:	  	  
– MT43	  processor	  

– Use	  syntheNc	  DAG	  generaNon	  tool	  
•  Results	  





Result(2)	  



Conclusion	  and	  future	  work	  

•  We	  study	  energy	  aware	  cluster	  scheduling	  
algorithms	  

•  Two	  research	  issues	  are	  studied	  
– Best-‐effort	  scheduling	  issue	  
– Energy-‐performance	  tradeoff	  issue	  

•  We	  proposed	  two	  algorithms	  
•  Future	  work	  

• Workload	  characterizaNon	  	  
•  RunNme	  support	  and	  implementaNon	  


