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I/O	
  Dynamics	
  

Mo7va7on	
   I/O	
  Dynamics	
  Framework	
  

•  I/O	
  challenge	
  in	
  HPC	
  Systems	
  
•  Limited	
  I/O	
  bandwidth	
  (e.g.	
  Parallel	
  File	
  System)	
  	
  
•  Scarce	
  I/O	
  resources	
  (e.g.	
  expensive	
  Solid	
  State	
  Drives)	
  

•  ApplicaDons	
  I/O	
  needs	
  
•  For	
  checkpoinDng,	
  data	
  analysis	
  and	
  visualizaDon	
  
•  Dependent	
  on	
  applicaDon	
  specific	
  I/O	
  behavior	
  

Results	
  

•  Generate	
  I/O	
  dynamics	
  model	
  for	
  applicaDons	
  
•  I/O	
  trace	
  based	
  soluDon	
  	
  
•  Offline	
  or	
  online	
  I/O	
  dynamics	
  detecDon	
  
•  Online	
  detecDon	
  of	
  I/O	
  dynamics	
  variaDon	
  	
  

Conclusion	
  and	
  Future	
  Work	
  

Experiment	
  Setup	
  

System	
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Burst	
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Parallel	
  File	
  System	
  

Start	
  Program	
  {	
  
	
  	
  	
  	
  	
  Read	
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  Simula7on	
  loop	
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  Perform	
  computa7on	
  
	
  	
  	
  	
  	
  	
  	
  	
  write	
  checkpoint	
  data	
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  every	
  i	
  itera7ons	
  
	
  	
  	
  	
  	
  	
  	
  	
  write	
  visualiza7on	
  data	
  //	
  every	
  j	
  itera7ons	
  
	
  	
  	
  	
  	
  	
  	
  	
  write	
  performance	
  log	
  //	
  every	
  k	
  itera7ons	
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}	
  
End	
  Program	
  

Example	
  I/O	
  PaKern	
  

•  Emerging	
  I/O	
  soluDons	
  
•  MulD-­‐Dered	
  storage	
  	
  
•  Co-­‐processing	
  

•  Emerging	
  needs	
  
•  I/O	
  resource	
  management	
  
•  Resource	
  uDlizaDon	
  
•  Quality	
  of	
  Service	
  in	
  I/O	
  
•  Interference	
  management	
  

•  RepeDDve	
  I/O	
  Padern	
  
•  CharacterizaDon	
  
•  Output	
  type	
  
•  Interval	
  in	
  arrival	
  
•  Data	
  transfer	
  size	
  
•  Concurrency	
  

•  VariaDon	
  	
  
•  ApplicaDons	
  
•  Job	
  Scale	
  
•  Output	
  types	
  
•  Processes	
  
•  SimulaDon	
  progress	
  

•  ApplicaDon	
  I/O	
  performance	
  predicDon	
  
•  Storage	
  system	
  design	
  and	
  tuning	
  
•  ApplicaDon	
  specific	
  I/O	
  benchmarks	
  
•  Scheduling	
  data	
  movement	
  
•  ApplicaDon	
  aware	
  I/O	
  management	
  (QoS)	
  

I/O$Trace$Collec-on$

I/O$Dynamics$Extrac-on$ Modeling$I/O$Dynamics$
Repe--ve$Pa>ern$

I/O$Property$Varia-on$
New$Model$Crea-on$

Model$Parameter$Update$

I/O$Request$Intercep-on$
Trace$Log$Collec-on$

App.$ I/O$Dynamics$Model$
•  I/O$Dynamics$Predic-on$
•  I/O$Load$Predic-on$
•  Performance$Predic-on$

I/O$Requests$

I/O$Dynamics$Framework$

Sierra	
  cluster	
  at	
  LLNL	
  
•  261.3	
  TFLOP/s	
  machine	
  
•  Computer	
  cluster	
  

•  Node:	
  Intel(R)	
  Xeon(R)	
  EP	
  
X5660	
  CPU,	
  12	
  cores	
  

•  24	
  GB	
  RAM	
  
•  64	
  Nodes	
  used	
  
•  TOSS	
  2.0	
  operaDng	
  system	
  

•  Storage	
  System	
  
•  Lustre	
  Parallel	
  File	
  System	
  
•  480	
  OSTs	
  
•  1.8	
  PB	
  	
  
•  Peak	
  bandwidth:	
  40	
  GB/s	
  

•  InfiniBand	
  QDR	
  (Qlogic)	
  interconnect	
  

•  ParaDiS	
  
•  DislocaDon	
  dynamics	
  simulaDon	
  
•  Experiment	
  
•  DislocaDon	
  in	
  Copper	
  
•  Domain:	
  4x2x2	
  
•  16	
  procs.	
  

•  Output	
  
•  Checkpoint,	
  VisualizaDon	
  

•  ENZO	
  
•  SimulaDon	
  of	
  cosmological	
  

structure	
  formaDon	
  
•  AdapDve	
  Mesh	
  Refinement	
  (AMR)	
  
•  Experiment	
  
•  Unigrid	
  dark	
  mader-­‐only	
  

cosmology	
  simulaDon	
  
•  Grid:	
  128	
  x	
  128	
  x	
  128	
  
•  ??	
  procs.	
  

•  Output	
  
•  Checkpoint,	
  VisualizaDon	
  

•  Conclusion	
  
•  ApplicaDon	
  I/O	
  dynamics	
  affects	
  system	
  I/O	
  load	
  
•  QoS	
  needs	
  for	
  I/O	
  can	
  be	
  derived	
  	
  using	
  I/O	
  dynamics	
  

•  Future	
  work	
  
•  Modeling	
  I/O	
  dynamics	
  for	
  performance	
  predicDon	
  
•  ApplicaDon	
  aware	
  I/O	
  management	
  

Types	
  and	
  incidence	
  of	
  different	
  output	
  types	
  

I/O	
  load	
  genera7on	
  in	
  single	
  process	
  of	
  each	
  applica7on	
  

I/O	
  load	
  genera7on	
  across	
  all	
  processes	
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  ParaDiS	
  
	
  ENZO	
  

•  QoS	
  needs	
  for	
  I/O	
  	
  varies	
  across	
  
output	
  types	
  and	
  applicaDons	
  

•  Need:	
  data	
  transfer	
  rate	
  >	
  
repeDDve	
  data	
  generaDon	
  rate	
  

Implica7on	
  
•  Output	
  interval	
  and	
  data	
  transfer	
  

size	
  vary	
  across	
  different	
  output	
  
types	
  and	
  applicaDons	
  

•  Outputs	
  occur	
  in	
  repeDDve	
  padern	
  

Observa7on	
  

•  I/O	
  load	
  changes	
  during	
  
simulaDon	
  

•  I/O	
  performance	
  requirement	
  
changes	
  too	
  

Implica7on	
  
•  Data	
  transfer	
  size	
  varies	
  with	
  

simulaDon	
  progress	
  
•  ParaDiS:	
  Max	
  =	
  29.2	
  x	
  Min,	
  CoV	
  =	
  0.46	
  
•  ENZO:	
  Max	
  =	
  6.9	
  x	
  Min,	
  CoV	
  =	
  0.56	
  

Observa7on	
  

	
  ParaDiS	
   	
  ENZO	
  

•  I/O	
  requests	
  
•  Data	
  transfer	
  size	
  
•  Arrival	
  Dme	
  
•  Output	
  type	
  

•  I/O	
  load	
  
•  Total	
  size	
  of	
  data	
  requested	
  for	
  

transfer	
  during	
  each	
  Dme	
  slice	
  
•  Time	
  slice	
  =	
  1	
  second	
  

Applica7ons	
   Testbed	
  

Measurements	
  

	
  ParaDiS	
  

	
  ParaDiS	
  
	
  ENZO	
  

•  I/O	
  performance	
  need	
  varies	
  
across	
  processes	
  

Implica7on	
  
•  I/O	
  Dynamics	
  varies	
  across	
  

processes	
  

Observa7on	
  

Data	
  Flow	
  in	
  HPC	
  Storage	
  Hierarchy	
  

Data	
  

Data	
  

Emerging	
  Challenges	
  

Why	
  it	
  maKers?	
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