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•  ANGEL	
  selects	
  solu.ons	
  close	
  to,	
  but	
  not	
  viola.ng	
  the	
  leeway.	
  
•  As	
  a	
  larger	
  leeway	
  is	
  given,	
  more	
  energy	
  is	
  saved.	
  
•  ANGEL	
  o=en	
  finds	
  the	
  op.mal	
  performance.	
  

• When	
  it	
  does	
  not,	
  ANGEL	
  remains	
  close	
  to	
  the	
  goal.	
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• Key:	
  Edge	
  (A-­‐>B)	
  implies	
  Tool	
  B	
  uses	
  informa.on	
  from	
  Tool	
  A.	
  

• Tools	
  track	
  architectural	
  changes	
  and	
  support	
  applica.on	
  requirements.	
  

Performance Tool Integration 

Impact 

• State-­‐of-­‐the-­‐art	
  tools	
  are	
  applied	
  to	
  SciDAC	
  
applica(ons.	
  

• Applica(on	
  development	
  informed	
  by	
  results	
  
derived	
  by	
  SUPER	
  tools.	
  

• Tool	
  development	
  informed	
  by	
  applica(on	
  
requirements.	
  

•  Evolu.onary	
  algorithms	
  favor	
  explora.on.	
  
•  A]empt	
  to	
  approximate	
  the	
  performance	
  “landscape.”	
  

•  The	
  ANGEL	
  search	
  algorithm	
  favors	
  exploita.on.	
  
•  A]empts	
  to	
  move	
  toward	
  the	
  goal	
  with	
  each	
  evalua.on.	
  
•  Mi.gates	
  the	
  overhead	
  of	
  evalua.ng	
  a	
  bad	
  configura.on.	
  
•  Meets	
  the	
  demands	
  of	
  online	
  autotuning.	
  

•  Priority	
  and	
  leeway	
  specify	
  the	
  goal.	
  
•  “Allow	
  a	
  30%	
  drop	
  in	
  my	
  primary	
  
	
  objec.ve	
  in	
  order	
  to	
  improve	
  my	
  
	
  secondary	
  objec.ve.”	
  

•  ANGEL	
  almost	
  always	
  performs	
  be]er	
  than	
  others.	
  
• When	
  others	
  are	
  be]er,	
  ANGEL	
  results	
  are	
  close	
  to	
  best.	
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• Many	
  Fermion	
  Dynamics:	
  Nuclear	
  (MFDn)	
  
is	
  used	
  to	
  calculate	
  the	
  proper.es	
  of	
  light	
  
atomic	
  nuclei.	
  
• Nominally,	
  this	
  requires	
  an	
  eigensolver	
  
like	
  Lanczos	
  which	
  requires	
  applying	
  the	
  
operator	
  repeatedly.	
  
• MFDn	
  forms	
  the	
  very	
  large	
  (half	
  a	
  billion	
  
nonzeros	
  per	
  process)	
  symmetric	
  
configura.on	
  interac.on	
  matrix	
  explicitly.	
  

• Repeated	
  applica.on	
  of	
  the	
  operator	
  is	
  bandwidth-­‐intensive.	
  	
  
• Symmetry	
  further	
  complicates	
  this	
  as	
  it	
  necessitates	
  high	
  performance	
  SpMV	
  
and	
  SpMV_T	
  (transpose)	
  

• LOBPCG	
  is	
  a	
  block	
  eigensolver	
  that	
  restructures	
  computa.on	
  into	
  a	
  series	
  of	
  
Sparse	
  Matrix-­‐Dense	
  Matrix	
  Mul.plica.ons	
  (SpMM)	
  where	
  the	
  dense	
  matrix	
  is	
  
tall	
  and	
  skinny	
  (500,000	
  x	
  16	
  per	
  process).	
  
• Once	
  again,	
  symmetric	
  necessitates	
  SpMM_T	
  (transpose)	
  
• SpMM	
  reuses	
  matrix,	
  reduces	
  memory	
  bandwidth	
  requirements.	
  
• SUPER	
  collaborated	
  with	
  FastMath	
  to	
  model,	
  analyze,	
  and	
  op7mize	
  these	
  
opera7ons.	
  	
  	
  
• Op7miza7on	
  Strategy	
  employs	
  Compressed	
  Sparse	
  Block	
  (CSB)	
  matrix	
  
representa7on.	
  

• GOAL:	
  Extend	
  CHiLL	
  compiler	
  to	
  perform	
  domain-­‐specific	
  transforma.ons	
  to	
  
both	
  sparse	
  matrix	
  representa.on	
  and	
  associated	
  code.	
  
• Inspector/Executor:	
  Inspector	
  iden.fies	
  indices	
  of	
  nonzeros	
  and	
  (op.onally)	
  
derives	
  new	
  matrix	
  representa.on.	
  
• Incorporates	
  3	
  new	
  transforma.ons	
  into	
  CHiLL:	
  make-­‐dense,	
  compact,	
  
compact-­‐and-­‐pad	
  

Apply	
  to	
  NUCLEI	
  Computa7on	
  (Work	
  in	
  Progress)	
  
• CHiLL	
  inspector	
  automates	
  conversion	
  to	
  CSB	
  
sparse	
  matrix	
  representa.on	
  
• CHiLL	
  transforma.ons	
  derive	
  op.mized	
  SpMV	
  
executor	
  for	
  	
  CSB	
  representa.on	
  (SpMV_T	
  
analogous)	
  
• Next	
  step:	
  generate	
  SpMM	
  executor	
  

•  ANGEL	
  penalty	
  func.on	
  considers	
  mul.ple	
  objec.ves.	
  
•  Penalty	
  in	
  propor.on	
  to	
  leeway	
  viola.ons	
  of	
  higher	
  objec.ves.	
  
•  Prevents	
  “needle-­‐in-­‐a-­‐haystack”	
  search	
  surfaces.	
  	
  
•  Penalty	
  effec.vely	
  combines	
  search	
  surfaces.	
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