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GPU	


•  Graphics	
  Processing	
  Units	
  
•  GPGPU(General-­‐Purpose	
  GPU)	
  
– Popular	
  in	
  high	
  performance	
  compu+ng	
  
– Advantage	
  

•  Extreme-­‐scale	
  
•  Cost-­‐effec+ve	
  
•  Power-­‐effec+ve	
  



GPU	
  architecture	
  	


SM	




Background	


•  Cloud	
  Environments	
  
– “pay-­‐as-­‐you-­‐go”	
  
– Easy	
  to	
  use	
  up-­‐to-­‐data	
  resources	
  
–  	
  no	
  need	
  to	
  maintenance	
  for	
  users	
  

→ GPU	
  on	
  cloud	
  will	
  be	
  important	
  in	
  HPC	
  



Purpose	


•  Make	
  GPU	
  shared	
  resource	
  in	
  the	
  cloud	
  
•  Mo+va+on	
  
– Mul+ple	
  VMs	
  sharing	
  single	
  GPU	
  on	
  mul+-­‐core	
  
node	
  

– Good	
  cost	
  performance	
  
– U+liza+on	
  of	
  high	
  degree	
  of	
  parallelism	
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Approach	


•  Framework	
  to	
  enable	
  applica+ons	
  to	
  share	
  	
  
GPUs	
  

•  Contribu+ons	
  
– Extensions	
  of	
  GPU	
  virtual	
  soSware	
  for	
  
consolida+on	
  

– Solu+ons	
  to	
  the	
  conceptual	
  problem	
  of	
  
consolida+on	
  	
  
•  Affinity	
  score	
  
•  molding	
  



Rela+onship	
  between	
  	
  
resource	
  u+liza+on	
  and	
  performance	

•  Three	
  applica+ons	
  scale	
  un+l	
  8	
  thread	
  blocks	
  

–  Because	
  of	
  the	
  number	
  of	
  thread	
  blocks	
  exceeds	
  the	
  number	
  of	
  SMs	
  
•  	
  Image	
  Processing	
  gets	
  be_er	
  performance	
  over	
  8	
  thread	
  blocks	
  

–  Low-­‐overhead	
  context	
  switching	
  mask	
  memory	
  latencies	
  



Evalua+on	
  experiment	
  in	
  
consolida+on	
  	


•  GPU	
  Sharing	
  
–  Space	
  Sharing	
  :	
  assign	
  subset	
  of	
  SMs	
  to	
  each	
  of	
  kernels	
  
–  Time	
  Sharing	
  :	
  +me-­‐share	
  SMs	
  among	
  kernels	
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Design	
  Challenge	


•  How	
  to	
  Enable	
  Sharing	
  of	
  GPU(s)	
  across	
  
Different	
  Applica+ons?	
  
– create	
  a	
  virtual	
  process	
  context	
  

•  What	
  and	
  How	
  to	
  Consolidate?	
  
– Use	
  informa+on	
  for	
  consolida+on	
  decision	
  

•  How	
  to	
  Achieve	
  a	
  Low	
  Overhead	
  Design?	
  
– Overhead	
  of	
  virtual	
  machine	
  on	
  GPU	
  is	
  low	
  
– Overhead	
  of	
  virtual	
  process	
  context	
  and	
  
consolida+on	
  decisions	
  must	
  be	
  kept	
  low	
  



gVirtuS	
  Current	
  Design	


•  gVirtuS	
  
–  Open	
  source	
  virtual	
  machine	
  to	
  run	
  CUDA-­‐enabled	
  applica+ons	
  

•  gVirtus	
  compornent	
  
–  Frontend	
  library	
  :	
  intercept	
  CUDA	
  call	
  and	
  redirect	
  to	
  backend	
  
–  Backend	
  daemon	
  :	
  	
  transfar	
  	
  



Run+me	
  Consolida+on	
  Framework	

•  Improved	
  Backend	
  

–  DCDM(Dispatcher	
  and	
  Consolida+on	
  Decision	
  Maker)	
  
–  VCC(Virtual	
  Context	
  with	
  Consolida+on)	




DCDM	
  &	
  VCC	


•  DCDM	
  
– Reads	
  execu+on	
  configura+on	
  of	
  the	
  kernels	
  
– Changes	
  into	
  informa+on	
  to	
  decide	
  consolida+on	
  
benefits	
  

•  VCC	
  
– Creates	
  a	
  virtual	
  context	
  for	
  each	
  GPUs	
  



Design	
  Issues	
  and	
  Limita+ons	


•  No	
  use	
  constant	
  memory	
  and	
  texture	
  memory	
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Causes	
  of	
  Resource	
  Conten+on	


•  SMs	
  
–  If	
  the	
  sum	
  of	
  thread	
  blocks	
  is	
  more	
  than	
  the	
  
number	
  of	
  available	
  SMs	
  

•  Shared	
  Memory	
  
–  If	
  aggregated	
  shared	
  memory	
  requirements	
  
exceed	
  the	
  amount	
  of	
  available	
  shared	
  memory	
  

→ mold	
  the	
  number	
  of	
  thread	
  blocks	
  and/or	
  the	
  
number	
  of	
  threads	
  to	
  avoid	
  conten+ons	




Policies	
  of	
  Molding	


•  Forced	
  Space	
  Sharing	
  
– Reduce	
  the	
  number	
  of	
  thread	
  blocks	
  
–  Increase	
  the	
  number	
  of	
  threads	
  of	
  each	
  block	
  

•  Time	
  Sharing	
  with	
  Reduced	
  Threads	
  
– Reduce	
  the	
  number	
  of	
  threads	
  of	
  each	
  block	
  



Consolida+on	
  Algorithm	


•  Consolidate	
  N	
  given	
  kernels	
  on	
  2	
  GPUs	




Pair-­‐wise	
  Affinity	
  Score	

•  Compute	
  affinity	
  score	
  for	
  set	
  of	
  kernels	
  



Affinity	
  Score	
  with	
  WQ	


•  there	
  is	
  shared	
  memory	
  conten+on	
  
–  Convert	
  +me	
  sharing	
  to	
  space	
  sharing	
  	
  

•  the	
  sum	
  of	
  threads	
  of	
  kernels	
  is	
  large	
  
–  Change	
  to	
  suitable	
  molding	
  configura+on	
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Evalua+on	


•  Setup	
  
– CPU	
  :	
  2	
  Intel	
  Xeon	
  E5520	
  
– Memory	
  :	
  4GB	
  
– GPU	
  :	
  2	
  Nvidia	
  Tesla	
  C2050	
  

•  14	
  SMs	
  (shared	
  memory	
  :	
  48KB)	
  
•  32	
  cores	
  (1.15GHz)	
  per	
  SM	
  
•  Device	
  memory	
  :	
  3GB	
  

– gVirtuS	
  :	
  version	
  2.0	
  



Evalua+on	


•  Benchmarks	
  
– 8	
  benchmark	
  applica+ons	
  

Benchmarks	
 Memory	
  characteris1cs	
 Data	
  Set	
  Descrip1on	


Image	
  Processing(IP)	
 No	
  Shared	
  Memory	
 2	
  *	
  3584	
  *	
  3584	
  points	


PDE	
  Solvers	
  (PDE)	
   No	
  Shared	
  Memory	
 2	
  *	
  3584	
  *	
  3584	
  points	


BlackScholes(BS)	
 No	
  Shared	
  Memory	
 1.000.000	
  op+ons	


Binomial	
  Op+ons(BO)	
 Low	
  Shared	
  Memory	
 256	
  op+ons,	
  2048	
  steps	


K-­‐means	
  Clustering(KM)	
   Median	
  Shared	
  Memory	
 4.194.304	
  points	


K-­‐Nearest	
  Neighbor	
  (KNN)	
 Median	
  Shared	
  Memory	
 4.194.304	
  points	


Euler(EU)	
 Heavy	
  Shared	
  Memory	
 10.000	
  nodes,	
  60.000	
  edges	


Molecular	
  Dynamics(MD)	
 Heavy	
  Shared	
  Memory	
 130.000	
  nodes,	
  16.200.000edges	


•  Low	
  Shared	
  Memory	
  :	
  ~3KB	
  
•  Median	
  Shared	
  Memory	
  :	
  	
  ~16KB	
  
•  Heavy	
  Shared	
  Memory	
  :	
  	
  ~48KB	
  



Evalua+on	
  of	
  basic	
  policy	


•  Evalua+ons	
  of	
  space	
  sharing	
  and	
  +me	
  sharing	
  
–  Blind	
  consolida+on	
  policy	
  
– Applica+ons	
  mapped	
  to	
  GPU	
  in	
  round	
  robin	
  fashion	




Space	
  Sharing	




Time	
  Sharing	




Impact	
  of	
  Conten+on	
  on	
  Basic	
  Policies	


•  Conten+on	
  occur	
  on	
  basic	
  policies	
  when	
  …	
  
–  the	
  number	
  of	
  threads	
  per	
  SM	
  is	
  large	
  

•  batch1	
  and	
  batch2	
  
–  	
  resource	
  requirements	
  exceed	
  the	
  SM	
  availability	
  	
  

•  batch3	
  



Impact	
  of	
  Conten+on	
  on	
  Basic	
  Policies	




Impact	
  of	
  affinity	
  Score	




Impact	
  of	
  molding	
  for	
  threads	

•  One	
  applica+on	
  per	
  GPU	
  is	
  molded	
  

–  IP	
  and	
  PDE	




Impact	
  of	
  molding	
  for	
  shared	
  memory	


•  Time	
  Sharing	
  with	
  Reduced	
  Threads	
  is	
  performed	
  on	
  	
  GPU1	
  
•  Forced	
  Space	
  Sharing	
  is	
  performed	
  on	
  GPU2	




Molding	


•  Using	
  Forced	
  Space	
  Sharing	
  to	
  avoid	
  shared	
  
memory	
  conten+on	




Impact	
  of	
  Molding	
  on	
  Applica+ons	
  
•  Case	
  of	
  reducing	
  the	
  number	
  of	
  thread	
  
–  IP,	
  PDE,	
  and	
  KM	
  
–  They	
  have	
  no+ceable	
  loss	
  in	
  performance	




Choice	
  of	
  Molding	
  Type	




Impact	
  of	
  High	
  Conten+on	


•  Eight	
  applica+ons	
  are	
  consolidated	
  on	
  two	
  GPU	




Framework	
  Overhead	
  Analysis	


•  Framework	
  overhead	
  when	
  no	
  consolida+on	
  



Framework	
  Overhead	
  Analysis	

•  Framework	
  Overhead	
  when	
  scheduling	
  than	
  the	
  
available	
  GPUs	
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Conclusion	


•  Present	
  framework	
  to	
  enables	
  applica+ons	
  to	
  
share	
  GPUs	
  
– Extend	
  gVirtuS	
  for	
  enabling	
  consolida+on	
  

•  Evaluate	
  framework	
  
– Guarantee	
  performance	
  over	
  sequen+al	
  execu+on	
  
–  Improve	
  throughput	
  using	
  consolida+on	
  algorithm	
  
when	
  conten+on	
  occur	
  



Comments	


•  No	
  evalua+on	
  in	
  cloud	
  environment	



