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Power	
  

• 	
  Tradi7onal	
  voltage	
  
	
  	
  scaling	
  is	
  over	
  
• 	
  Power	
  now	
  a	
  major	
  
	
  	
  design	
  constraint	
  	
  
• 	
  Cost	
  of	
  ownership	
  
• 	
  Driving	
  significant	
  
	
  	
  changes	
  in	
  architecture	
  

Concurrency	
  

• 	
  A	
  billion	
  opera7ons	
  per	
  
	
  	
  	
  clock	
  
• 	
  	
  Billions	
  of	
  refs	
  in	
  flight	
  
	
  	
  	
  	
  at	
  all	
  7mes	
  
• 	
  Will	
  require	
  huge	
  
	
  	
  	
  problems	
  
• 	
  Need	
  to	
  exploit	
  all	
  
	
  	
  	
  available	
  parallelism	
  

Programming	
  
Difficulty	
  

• 	
  Concurrency	
  and	
  new	
  
	
  	
  	
  micro-­‐architectures	
  will	
  
	
  	
  	
  significantly	
  complicate	
  
	
  	
  	
  soLware	
  
• 	
  Need	
  to	
  hide	
  this	
  
	
  	
  complexity	
  from	
  the	
  users	
  

Resiliency	
  

• 	
  	
  Many	
  more	
  components	
  
• 	
  	
  Components	
  geNng	
  less	
  
	
  	
  	
  reliable	
  
• 	
  	
  Checkpoint	
  bandwidth	
  
	
  	
  	
  	
  not	
  scaling	
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  Power 
  System infrastructure, power and cooling 
  Energy-efficient network design 
  Adopting heterogeneous processor approach and actively consulting with 

processor vendors 
  System software 

  OS and file-system scaling and jitter reduction 
  Programming systems 

  Adaptive libraries and auto-tuning 
  Sophisticated runtimes for managing parallelism and locality 
  Compilers for heterogeneous processors 
  Programming tools for scoping, porting, perf analysis, and debugging 
  Languages and Programming Environments (native support for PGAS; 

Chapel, OpenCL, OpenMP) 
  Resiliency 

  System resiliency (hardware and software support) 
  Application resiliency (strong community component) 
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  Launched	
  December	
  2009	
  
  To	
  explore	
  new	
  ideas	
  and	
  technologies	
  for	
  overcoming	
  the	
  
challenges	
  of	
  delivering	
  a	
  supercomputer	
  system	
  capable	
  of	
  
sustained	
  exaflop	
  applica:on	
  performance	
  

  Goal	
  is	
  to	
  promote	
  interac7on	
  with	
  Applica7on	
  Developers	
  

  Two	
  collabora7ons	
  with	
  European	
  customer	
  sites:	
  
  EPCC	
  Exascale	
  Technology	
  Centre,	
  Edinburgh,	
  UK	
  	
  
  CSCS,	
  Lugano,	
  Switzerland	
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  EPCC	
  Exascale	
  Technology	
  Centre,	
  Edinburgh,	
  UK	
  

  Projects	
  
  Programming	
  models	
  for	
  PGAS	
  languages	
  
  Programming	
  GPU	
  accelerators	
  
  Improved	
  algorithms	
  for	
  FFTs	
  
  Network	
  and	
  I/O	
  profiling	
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  Close	
  Collabora7on	
  
  Regular	
  team	
  mee7ngs	
  and	
  calls,	
  wiki	
  

pla[orm	
  

  Some	
  Highlights	
  
  SC10	
  tutorial	
  on	
  Coarray	
  Fortran	
  
  SC10	
  GPU	
  Poster	
  
  OpenMP	
  commi^ee	
  representa7on	
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  CSCS,	
  Lugano,	
  Switzerland	
  

  Projects	
  
  Applica7on	
  tuning	
  framework	
  based	
  on	
  auto-­‐tuning	
  technology	
  
  GPU	
  to	
  GPU	
  programming	
  and	
  inter-­‐process	
  communica7on	
  
  Programming	
  models,	
  tools	
  and	
  compilers	
  for	
  PGAS	
  languages	
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  Close	
  Collabora7on	
  
  Regular	
  team	
  mee7ngs	
  and	
  calls	
  

  Focus	
  on	
  applica7ons	
  developed	
  	
  
within	
  the	
  HP2C	
  ini7a7ve	
  	
  	
  
http://www.hp2c.ch	
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•  Applica7on	
  focus	
  	
  
•  Ul7mate	
  u7lity	
  of	
  the	
  machine	
  will	
  be	
  how	
  well	
  it	
  runs	
  the	
  applica7ons	
  
•  Meet	
  early	
  and	
  frequently	
  with	
  applica7on	
  teams	
  to:	
  

•  understand	
  their	
  scaling	
  behavior	
  and	
  requirements	
  
•  discuss	
  poten7al	
  programming	
  models	
  and	
  machine	
  features	
  

•  Labs,	
  Cray	
  and	
  vendor	
  partners	
  define	
  a	
  “System	
  Requirements”	
  document	
  
•  Lays	
  out	
  system	
  hardware,	
  soLware,	
  and	
  programming	
  model	
  characteris7cs	
  

•  Co-­‐develop	
  system	
  concept(s)	
  that	
  meet	
  the	
  system	
  requirements	
  
•  Include	
  all	
  aspects	
  of	
  system	
  design	
  (hardware	
  architecture,	
  system	
  soLware,	
  

programming	
  models,	
  resiliency,	
  etc.)	
  
•  Regular	
  technical	
  mee7ngs	
  to	
  discuss	
  alterna7ves	
  
•  Con7nued	
  engagements	
  with	
  applica7on	
  teams	
  

•  Refine	
  design	
  and	
  create	
  implementa7on	
  specifica7on	
  



  SoLware	
  Life	
  Cycle	
  Management	
  

  Test	
  Pla[orm	
  and	
  Test	
  Plan	
  Coordina7on	
  

  Vendor	
  Differen7a7on	
  Enablement/IP	
  Protec7on	
  

Cray Inc. 10 



  SoLware	
  stack	
  requirements	
  need	
  to	
  be	
  documented	
  
  Func7onality	
  and	
  performance	
  requirements	
  
  Stability	
  and	
  scaling	
  requirements	
  

  Design	
  and	
  Plan	
  Documents	
  for	
  all	
  components	
  
  Clearly	
  iden7fy	
  requirements	
  being	
  met	
  (or	
  not	
  met)	
  
  Tightly	
  managed	
  	
  (and	
  realis7c)	
  soLware	
  release	
  schedules	
  

  Regular	
  communica7on	
  between	
  vendors	
  and	
  code	
  teams	
  
  Common	
  development	
  pla[orms/tools,	
  e.g.	
  code	
  repositories,	
  bugzilla	
  

are	
  helpful	
  
  Probably	
  need	
  a	
  tech	
  transfer	
  “hub”	
  	
  

  Code	
  teams	
  communicate	
  in	
  to	
  the	
  hub	
  
  Hub	
  communicates	
  out	
  to	
  the	
  vendors	
  

  Support	
  infrastructure	
  needs	
  to	
  be	
  iden7fied	
  
  HW/People	
  Resources	
  	
  
  Well-­‐defined	
  service	
  strategy	
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  Common	
  test	
  pla[orm	
  	
  (HW	
  and	
  SW)	
  for	
  all	
  components	
  	
  needed	
  

  High-­‐Level	
  Test	
  Plan	
  that	
  iden7fies:	
  
  What	
  is	
  required	
  of	
  the	
  component	
  teams	
  
  What	
  is	
  required	
  of	
  an	
  integrated	
  test	
  team	
  

  Component	
  interac7on	
  tes7ng	
  
  Scale	
  tes7ng?	
  

  What	
  is	
  expected	
  to	
  be	
  the	
  vendor’s	
  responsibility	
  

  Test	
  Case	
  repositories/common	
  tools	
  

  Regular	
  communica7on	
  across	
  	
  community	
  and	
  vendor	
  test	
  teams	
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  Vendor	
  Differen7a7on	
  Enablement	
  
  	
  APIs	
  can	
  allow	
  vendors	
  to	
  innovate	
  within	
  the	
  soLware	
  stack	
  and/or	
  

allow	
  alterna7ves,	
  e.g.	
  
  Compiler	
  tools	
  
  Debuggers	
  
  Job	
  	
  schedulers	
  
  Low-­‐level	
  fault	
  and	
  RAS	
  	
  

  SW	
  components/func7onality	
  that	
  can	
  be	
  disabled	
  and/or	
  replaced	
  
  Allows	
  vendor	
  to	
  completely	
  replace	
  components	
  	
  
  Side	
  benefit:	
  might	
  provide	
  a	
  way	
  to	
  introduce	
  new	
  func7onality	
  between	
  
major	
  releases	
  

  Intellectual	
  Property	
  Protec7on	
  
  Lots	
  of	
  people	
  working	
  on	
  the	
  projects	
  –	
  can’t	
  do	
  NDAs	
  with	
  everyone	
  
  Vendors	
  will	
  need	
  to	
  provide	
  informa7on	
  on	
  what	
  interfaces/APIs	
  they	
  

need	
  without	
  being	
  required	
  to	
  provide	
  details	
  on	
  what	
  they	
  plan	
  to	
  do	
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