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~40	  apps	  



Excerpts 
Do	  	  most	  	  developers/users	  	  see	  	  the	  	  
constructs	  	  for	  	  parallelism	  […]	  

•  “Most	  	  	  developers	  	  don’t	  	  see	  	  the	  	  
construct	  	  for	  	  the	  	  parallelism,	  	  and	  	  it	  	  is	  	  
hidden	  	  in	  	  	  func1ons	  	  or	  	  library.	  	  In	  	  this	  	  
way,	  	  physics	  	  developers	  	  don’t	  	  have	  	  to	  	  
worry	  	  	  about	  	  the	  	  parallelism,	  	  and	  	  
physics	  	  packages	  	  are	  	  automa1cally	  	  	  
parallelized.	  	  	  	  MPI	  	  is	  	  largely	  	  hidden	  	  
inside	  	  wrappers	  	  right	  	  now,	  	  except	  	  	  
where	  	  people	  	  have	  	  not	  	  followed	  	  that	  	  
‘rule’,	  	  for	  	  whatever	  	  reason.	  	  ”	  

“But	  our	  coarse	  grain	  concurrency	  is	  nearly	  exhausted”	  

(Bill	  Dally:	  A	  programming	  model	  that	  expresses	  all	  available	  parallelism	  and	  locality	  –	  

hierarchical	  thread	  arrays	  and	  hierarchical	  storage)	  

Will	  	  that	  	  be	  	  changing	  	  for	  	  exascale?	  	  

•  “We	  	  cannot	  	  make	  	  this	  	  call	  	  yet.”	  

How	  	  is	  	  your	  	  code	  	  load	  	  balanced?	  	  
•  “Yes,	  	  it	  	  is	  	  dynamically	  	  load	  	  	  balanced,	  	  
but	  	  not	  	  terribly	  	  well.	  	  […]	  we	  	  
dynamically	  	  rebalance	  	  the	  	  workload.	  	  
The	  	  balance	  	  	  is	  	  checked	  	  aeer	  	  every	  	  
1me	  	  step.	  “	  



Exascale Applications:  
A Few Selected Observations 

•  All	  Codes:	  
–  Portability	  is	  cri1cal	  
–  Large,	  mature	  community	  and	  code	  base	  

•  Many	  codes:	  
–  Hide	  parallelism	  in	  framework	  

–  Have	  load	  balancing	  issues	  
•  Some	  codes:	  
–  Use	  “advanced”	  toolchains:	  
•  Python,	  Ruby,	  DLLs,	  IDL,	  DSL	  code	  genera1on,	  

autotuning,	  compiler	  transforms,	  etc	  

–  Remote	  invoca1on,	  real	  threads	  

•  Shared	  worries:	  
–  How	  should	  I	  manage	  faults?	  

–  Bug	  or	  fault,	  can	  you	  tell	  me	  which?	  

–  Can	  I	  have	  reproducibility?	  
–  Given:	  MPI+X,	  solve	  for	  X	  

ProducDvity	  ==	  advanced	  tool	  chains	  
Understand	  having	  !=	  Scaling	  
ProducDvity	  ==	  advanced	  execuDon	  models	  

(unscalable	  is	  as	  unscalable	  does)	  



CompuDng	  

The Abstract Machine Model & Execution Model 

•  A	  computer	  language	  is	  not	  a	  programming	  model	  
–  “C++	  is	  not	  scalable	  to	  exascale”	  
•  A	  communica1on	  library	  is	  not	  a	  programming	  model	  
–  “MPI	  won’t	  scale	  to	  exascale”	  

•  A	  unique	  applica1on	  inventory	  response…	  
–  Should	  we	  be	  talking	  “Execu1on	  Model”?	  

• What	  is	  a	  programming	  model?	  

Thought:	  real	  issue	  is	  mapping	  science	  problem	  to	  execu5on	  
model	  and	  run-‐5me	  system	  
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– Power	  will	  be	  (even	  more)	  a	  managed	  resource	  
•  More	  transistors	  than	  can	  be	  turned	  on	  

– Memory	  and	  compu1ng	  packaged	  together	  
– Massive	  levels	  of	  in-‐package	  parallelism	  

– Heterogeneous	  mul1core	  
– Complex	  fault	  and	  power	  behavior	  

– NVRAM	  near	  compu1ng	  

•  (selected)	  Conclusions	  
– More	  hierarchy,	  dynamic	  behavior	  

– More	  investment	  in	  composi1onal	  run-‐1me	  systems	  
– Plus…	  new	  I/O	  models,	  fault	  communica1on,	  adv.	  language	  
features,	  etc	  

Exascale Architectures:  
A Few Selected Observations 



Exascale	  ApplicaDon	  Frameworks	  (Co-‐design	  Centers,	  etc)	  

System	  SoSware	  

(selected)	  To	  Do	  List:	  
• Embrace	  dynamism	  -‐-‐	  convert	  flat	  fork-‐join	  to	  hierarchy:	  graphs,	  trees,	  load	  balancing	  
• Understand	  fault,	  reproducibility	  

(selected)	  To	  Do	  List:	  
• Parallel	  composi1on	  run-‐1me	  support	  
• Async	  mul1threadedness	  
• Lightweight	  concurrency	  support	  
• Load	  balancing?	  
• Fault	  coordina1on	  



Examples	  

Linear	  Algebra	  

Tools	  

Message-‐driven	  execuDon	  

Language	  

Worker	  /	  Task	  



• Break	  into	  smaller	  tasks	  and	  remove	  dependencies	  

*	  LU	  does	  block	  pair	  wise	  pivo1ng	  

Courtesy	  Jack	  Dongarra:	  



• Objec1ves	  
–  High	  u1liza1on	  of	  each	  core	  
–  Scaling	  to	  large	  number	  of	  cores	  
–  Shared	  or	  distributed	  memory	  

• Methodology	  
–  Dynamic	  DAG	  scheduling	  

–  Explicit	  parallelism	  
–  Implicit	  communica1on	  

–  Fine	  granularity	  /	  block	  data	  layout	  
• Arbitrary	  DAG	  with	  dynamic	  scheduling	  

15	  

Fork-‐join	  
parallelism	  

PLASMA: Parallel Linear Algebra s/w for 
Multicore Architectures 

DAG	  scheduled	  
parallelism	  

Time	  

Courtesy	  Jack	  Dongarra:	  



Synchronization Reducing Algorithms 

Tile	  LU	  factoriza1on;	  Matrix	  size	  4000x4000,	  Tile	  size	  200	  
8-‐socket,	  6-‐core	  (48	  cores	  total)	  AMD	  Istanbul	  2.8	  GHz	  

  Regular	  trace	  

  Factoriza1on	  steps	  

pipelined	  

  Stalling	  only	  due	  to	  

natural	  load	  imbalance	  

  Reduce	  ideal	  1me	  

  Dynamic	  

  Out	  of	  order	  execu1on	  

  Fine	  grain	  tasks	  

  Independent	  block	  

opera1ons	  

Courtesy	  Jack	  Dongarra:	  



Courtesy:	  Barton	  Miller	  

I/O	  Forwarding	  (IOFSL)	  and	  MRNET	  can	  share	  components	  and	  code,	  and	  are	  
discussing	  ways	  to	  factor	  and	  share	  data	  movement	  and	  control	  



Charm++  
(the run-time and execution model for NAMD) 

Courtesy:	  Laxmikant	  Kale	  



Powerful constructs for load and fault management 
Courtesy:	  Laxmikant	  Kale	  



Courtesy:	  Thomas	  Sterling	  

ParalleX Programming Language 



Courtesy:	  Rusty	  Lusk	  



Summary 
•  To	  reach	  exascale,	  applica1ons	  must	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  
embrace	  advanced	  execu1on	  models	  
–  Over	  decompose,	  genera1ng	  parallelism	  
–  Hierarchy!	  Tasks,	  trees,	  graphs,	  load	  balancing,	  remote	  invoca1on	  

– We	  don’t	  have	  many	  common	  reusable	  paUerns…	  	  	  
•  That’s	  the	  real	  “X”	  

– No	  whiners	  
•  Exascale	  System	  Soeware:	  
–  Support	  composi1on,	  advanced	  run-‐1me,	  threads,	  tasks,	  etc	  

•  Can	  exascale	  be	  reached	  without	  trees	  and	  tasks?	  
–  Other	  benefits:	  
•  Fault	  resistant	  
•  Node	  performance	  tolerant	  

•  Latency	  hiding	  


