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Technology	
  Charge	
  
•  Assessing	
  the	
  short-­‐term,	
  medium-­‐term,	
  and	
  
long	
  term	
  soDware	
  and	
  algorithm	
  needs	
  of	
  
applica1ons	
  for	
  peta/exascale	
  systems	
  

•  Refining	
  the	
  roadmap	
  for	
  soDware	
  and	
  
algorithms	
  on	
  extreme-­‐scale	
  systems	
  

•  SeIng	
  a	
  priori1zed	
  list	
  of	
  soDware	
  
components	
  of	
  exascale	
  compu1ng	
  as	
  
outlined	
  in	
  the	
  roadmap	
  



Organiza1on	
  Charge	
  
•  Developing	
  a	
  governance,	
  management,	
  and	
  
organiza1onal	
  structure	
  for	
  IESP	
  

•  Exploring	
  ways	
  for	
  funding	
  agencies	
  to	
  
coordinate	
  their	
  support	
  of	
  IESP-­‐related	
  R&D	
  so	
  
that	
  they	
  complement	
  each	
  other	
  

•  Exploring	
  how	
  laboratories,	
  universi1es,	
  and	
  
vendors	
  can	
  work	
  together	
  on	
  coordinated	
  HPC	
  
soDware	
  

•  Crea1ng	
  a	
  plan	
  for	
  working	
  closely	
  with	
  
hardware	
  vendors	
  and	
  applica1on	
  teams	
  to	
  co-­‐
design	
  future	
  architectures	
  



Execu1on	
  Charge	
  
•  Developing	
  a	
  strategic	
  plan	
  for	
  moving	
  
forward	
  with	
  the	
  roadmap	
  

•  Crea1ng	
  a	
  realis1c	
  1meline	
  for	
  construc1ng	
  
key	
  organiza1onal	
  structures	
  and	
  achieving	
  
ini1al	
  goals	
  

•  Exploring	
  community	
  development	
  
techniques	
  and	
  risk	
  plans	
  to	
  ensure	
  key	
  
components	
  are	
  delivered	
  on	
  1me	
  

•  Exploring	
  key	
  components	
  of	
  any	
  needed	
  
intellectual	
  property	
  agreements	
  



How	
  to	
  pursue	
  the	
  exascale?	
  

•  Applica1ons	
  as	
  co-­‐design	
  vehicles	
  	
  
or	
  

•  Libraries,	
  kernels,	
  factored	
  components,	
  etc.	
  



Criteria	
  for	
  Co-­‐Design	
  Vehicles	
  (CDVs)	
  
[Tsukuba	
  +	
  2]	
  

•  Applica1on	
  running	
  at	
  at	
  least	
  the	
  terascale	
  today,	
  with	
  
obvious	
  need	
  for	
  more	
  

•  In	
  progressing	
  to	
  the	
  exascale,	
  should	
  be	
  able	
  to	
  achieve	
  
scien1fic	
  goals	
  in	
  its	
  own	
  domain	
  
–  amenability	
  to	
  experimental	
  valida1on	
  

•  Should	
  possess	
  a	
  well-­‐defined	
  set	
  of	
  steps	
  to	
  progress	
  to	
  
exascale	
  

•  Should	
  have	
  a	
  community	
  suppor1ng	
  the	
  applica1on	
  that	
  
has	
  the	
  skills	
  and	
  experience	
  to	
  engage	
  with	
  the	
  co-­‐design	
  
process	
  

•  Has	
  to	
  be	
  open	
  and	
  should	
  ideally	
  spawn	
  modules	
  for	
  
common	
  use	
  

•  Overall	
  por]olio	
  should	
  a^empt	
  span	
  applica1on	
  space	
  



Different	
  categories	
  of	
  CDVs	
  

•  Societally	
  relevant	
  simula1ons	
  (e.g.,	
  climate,	
  pa1ent-­‐
specific	
  medicine)	
  

•  More	
  likely	
  readily	
  scaled	
  simula1ons	
  (e.g.,	
  QCD,	
  
cosmology)	
  

•  Data	
  processing	
  problems	
  (e.g.,	
  Square	
  Kilometer	
  Array	
  
in	
  Australia,	
  which	
  generates	
  1	
  EB/s	
  of	
  data	
  and	
  needs	
  
FFTs	
  per	
  image	
  while	
  data	
  is	
  streaming)	
  

•  Perhaps	
  a	
  “surprise	
  outsider”,	
  not	
  currently	
  prac1cal	
  at	
  
the	
  tera-­‐/petascale	
  

•  Our	
  breakout	
  does	
  not	
  designate	
  the	
  CDVs,	
  but	
  seeks	
  
to	
  iden1fy	
  the	
  features	
  by	
  which	
  the	
  CDV	
  can	
  itself	
  be	
  
iden1fied	
  



Issues	
  for	
  scaling	
  up	
  CDVs	
  

•  Weak	
  scale	
  applica1on	
  up	
  to	
  distributed	
  memory	
  limits	
  
–  Propor1onal	
  to	
  number	
  of	
  nodes	
  

•  Strong	
  scale	
  applica1on	
  beyond	
  this	
  
–  Propor1onal	
  to	
  cores	
  per	
  node/memory	
  unit	
  

•  Scale	
  the	
  workflow,	
  itself	
  
–  Propor1onal	
  to	
  the	
  number	
  of	
  instances	
  (ensembles)	
  
–  Integrated	
  end-­‐to-­‐end	
  simula1on	
  

•  Co-­‐design	
  process	
  is	
  staged,	
  with	
  any	
  of	
  these	
  types	
  of	
  
scaling	
  valuable	
  by	
  themselves	
  

•  Ques1on:	
  does	
  the	
  soDware	
  for	
  co-­‐design	
  factor?	
  Or	
  is	
  
all	
  the	
  inefficiency	
  at	
  the	
  data	
  copies	
  at	
  interfaces	
  
between	
  the	
  components	
  aDer	
  a	
  while?	
  



Exascale	
  candidates	
  

•  Mul1scale,	
  mul1physics	
  problems	
  
•  Problems	
  that	
  have	
  a	
  superlinear	
  scaling	
  of	
  
work	
  with	
  memory	
  capacity	
  
–  for	
  cost-­‐	
  and	
  power-­‐feasible	
  exascale	
  hardware	
  
design,	
  which	
  is	
  memory-­‐	
  and	
  communica1on	
  
bandwidth-­‐limited	
  



Building	
  up	
  CDVs	
  

•  Capability	
  (scaling	
  up	
  individual	
  codes)	
  
•  Complexity	
  (combining	
  mul1ple	
  codes)	
  

•  Scien1fic	
  or	
  engineering	
  understanding	
  
(exploring	
  parameters	
  space	
  for	
  sensi1vity,	
  
stability,	
  op1miza1on,	
  inversion,	
  etc.)	
  



SoDware	
  enabling	
  technologies	
  (Tsukuba	
  applica1ons)	
  

	
  	
  	
  	
  	
  	
  Model-­‐related	
  
–  Geometric	
  modelers	
  
–  Meshers	
  
–  Discre1zers	
  
–  Par11oners	
  
–  Solvers	
  /	
  integrators	
  
–  Adap1vity	
  systems	
  
–  Random	
  number	
  

generators	
  
–  Uncertainty	
  

quan-fica-on	
  
–  Dynamic	
  load	
  balancing	
  
–  Graphs	
  and	
  

combinatorial	
  
algorithms	
  

–  Compression	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  Development-­‐related	
  
－  Configura1on	
  systems	
  

－  Source-­‐to-­‐source	
  
transforma1ons	
  

－  Compilers	
  

－  Programming	
  models	
  

－  Debuggers	
  
－  Profilers	
  
－  Codesign	
  technologies	
  

	
  	
  	
  	
  	
  	
  	
  	
  Produc1on-­‐related	
  
－  Dynamic	
  resource	
  

management	
  

－  Data	
  management	
  

－  Dynamic	
  performance	
  
op1miza1on	
  

－  I/O	
  systems	
  

－  Visualiza1on	
  systems	
  
－  Workflow	
  controllers	
  

－  Frameworks	
  

－  Data	
  miners	
  

－  Fault	
  monitoring,	
  
applica-on	
  repor-ng,	
  
and	
  recovery	
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