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Typical	  scenario:	  scien<fic	  experiment	  
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Varia<ons	  of	  data	  or	  parameters	  
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Current	  solu<ons	  
•  Scien<fic	  Workflow	  Management	  Systems	  (SWfMS)	  
•  SWfMS	  allow	  the	  execu<on	  of	  Scien<fic	  Workflows	  
o Some	  SWfMS	  are	  strong	  in	  workflow	  design	  and	  provenance	  
support	  (VisTrails,	  Kepler,	  Taverna)	  

o Some	  SWfMS	  are	  strong	  in	  HPC	  support	  (Pegasus,	  SwiZ,	  
Triana)	  

•  Scien<sts	  should	  be	  free	  to	  choose	  the	  SWfMS	  that	  
suits	  best	  for	  their	  needs	  

•  This	  choice	  should	  not	  prevent	  the	  adop<on	  of	  an	  MTC	  
solu<on	  for	  execu<ng	  one	  or	  more	  ac<vi<es	  of	  a	  
workflow	  
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Paralleliza<on	  difficul<es	  

• Controlling	  parallel	  execu<on	  in	  distributed	  
environments	  

• Steering	  ac<vi<es	  in	  distributed	  environments	  
• Provenance	  gathering	  in	  distributed/	  
heterogeneous	  environments	  
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Provenance	  can	  support	  analyzing	  
scien<fic	  experiments	  

•  Before	  execu<on:	  
o What	  programs	  may	  be	  used?	  Is	  there	  any	  alterna<ve	  to	  explore?	  	  
o  Is	  there	  any	  dependency	  between	  ac<vi<es?	  Which	  ac<vi<es	  are	  
mandatory?	  

•  AZer	  execu<on:	  
o What	  were	  the	  parameters	  that	  lead	  the	  best	  result?	  
o What	  was	  the	  scien<fic	  workflow	  that	  lead	  to	  the	  desired	  result?	  
o Where	  are	  the	  output	  files	  generated	  by	  the	  distributed	  ac<vity	  A	  
using	  the	  parameters	  P?	  

o  How	  many	  <mes	  the	  ac<vity	  A	  in	  version	  V	  was	  used	  in	  the	  
experiment	  E?	  	  
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Our	  vision	  of	  the	  experiment	  life	  cycle	  
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Hydra	  
• Middleware	  solu<on	  that	  bridges	  the	  SWfMS	  to	  the	  
HPC	  suppor<ng	  MTC	  paralleliza<on	  strategies	  

	  
• Goal:	  reduce	  the	  complexity	  involved	  in	  designing	  and	  
managing	  ac<vity/workflow	  parallel	  execu<ons	  while	  
gathering	  distributed	  provenance	  data	  
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Supported	  paralleliza<on	  types	  
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Hydra	  Architecture	  
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Hydra	  setup	  
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Hydra	  client	  components	  
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Hydra	  pre-‐processing	  components	  
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Hydra	  dispatcher/monitor	  components	  
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Hydra	  post-‐processing	  components	  

MTAGS	  2009	  -‐	  16	  

Provenance Data	  Analyzer	  Cartridge

Post-‐Processing



Hydra	  Architecture	  
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Case	  study	  

• Computa<onal	  Fluid	  Dynamics	  (CFD)	  
• EdgeCFD:	  a	  parallel	  stabilized	  finite	  element	  
incompressible	  flow	  solver	  

• Synthesized	  in	  four	  steps:	  
o Modeling	  
o Preprocessing	  
o Solu<on	  
o Visualiza<on	  
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TAU	  parallel	  profiling	  of	  CFD	  solver	  on	  SGI	  
Al<x	  ICE	  8200,	  128	  cores	  



EdgeCFD	  experiment	  life	  cycle	  
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Workflow	  modeled	  in	  UML	  
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Sequen<al	  workflow	  	  
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Parameter	  sweep	  scenario	  
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Workflow	  with	  parameter	  	  
sweep	  using	  Hydra	  
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Hydra	  client	  setup	  for	  the	  solver	  ac<vity	  
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Instrumenta<on	  of	  files	  	  
for	  the	  experiment	  
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Hydra	  provenance	  
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Evalua<on	  of	  a	  small	  experiment	  	  
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Related	  work	  

• SwiZ/Falkon	  
o Provides	  MTC	  support	  from	  SwiZ	  SWfMS	  

• MyCluster	  
o Supports	  PBS	  with	  transient	  fault	  support	  over	  remote	  
sites	  

• Dryad	  
o Supports	  data	  paralleliza<on	  with	  high	  scalability	  	  

• Sawzal	  	  
o It	  is	  a	  framework	  for	  MTC	  that	  explore	  data	  parallelism	  
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Conclusions	  
•  Experiments	  life	  cycle	  must	  be	  managed	  as	  a	  whole:	  

o  Composi<on:	  experiment	  is	  modeled	  in	  a	  workflow	  abstrac<on	  
level	  un<l	  being	  deployed	  into	  a	  specific	  SWfMS	  

o  Execu<on:	  some	  ac<vi<es	  demand	  HPC	  with	  monitoring	  facili<es	  
and	  provenance	  gathering	  

o  Analysis:	  uses	  both	  informa<on	  from	  the	  composi<on	  
(prospec<ve	  provenance)	  and	  from	  execu<on	  (local	  and	  
distributed	  -‐	  	  retrospec<ve	  provenance)	  

•  Hydra	  can	  be	  a	  bridge	  between	  the	  SWfMS	  and	  the	  HPC	  
environment	  	  
o  Supports	  workflow	  data	  and	  parameter	  sweep	  paralleliza<on	  
o  Evaluated	  in	  a	  real	  case	  CFD	  solver	  with	  liNle	  overhead	  
o  Supports	  distributed	  provenance	  gathering	  
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Future	  work	  

• Evaluate	  different	  kinds	  of	  applica<ons	  (e.g.	  blast,	  
uncertainty	  quan<fica<on	  )	  

• Model	  distributed	  ac<vi<es	  that	  are	  actually	  sub-‐
workflows	  

• Run	  experiments	  in	  HPC	  with	  more	  cores	  
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Please	  visit	  our	  site	  
hNp://gexp.nacad.ufrj.br 

Thank you! 
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