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Topics	  
1.  At	  a	  high	  level	  (not	  specific	  to	  any	  one	  applica'on)	  catalog	  the	  

applica'on	  requirements	  at	  exascale	  that	  should	  be	  addressed	  by	  
the	  combina'on	  of	  Programming	  Models	  and	  Environments.	  This	  
will	  serve	  to	  conduct	  gap	  and	  coverage	  analysis	  of	  proposed	  PM/
E(s),	  and	  as	  a	  basis	  for	  measuring	  progress.	  

2.  Consider	  extending	  parallelism	  through	  non-‐conven'onal	  
seman'c	  constructs	  to	  enhance	  efficiency	  and	  scalability.	  

3.  Describe	  the	  nature	  and	  importance	  of	  performance	  portability,	  
produc'vity/usability,	  performance,	  robustness,	  interoperability	  
with	  other	  PM/Es,	  and	  vendor	  support.	  

4.  Discuss	  issues	  with	  trying	  to	  extend	  exis'ng	  models	  (MPI+X),	  and	  
any	  barriers	  to	  adop'ng	  new	  PM/Es,	  



Topics	  V2	  

•  Catalog	  applica'on	  requirements	  

•  Revolu'onary	  seman'c	  constructs	  

•  Portability	  vs.	  Performance	  vs.	  Produc'vity	  vs.	  
Robustness	  vs.	  Interoperability	  vs.	  Vendor	  
Support	  

•  Extending	  MPI+X	  vs.	  Revolu'onary	  PM/Es	  



Applica'on	  Requirements	  



Applica'on	  Requirements	  

•  No'on	  that	  we	  should	  start	  with	  PATTERNS	  
– Dwarves	  
– Mo'fs 	   	   	  # 	  Intersec'on	  of	  these	  three?	  
– Proxies	   	   	  # 	  Union	  of	  these	  three?	  

•  This	  would	  beWer	  allow	  the	  community	  to	  
dis'll	  down	  their	  priori'es	  

•  We	  have	  a	  long	  way	  to	  go	  in	  this	  regard…	  



Applica'on	  Requirements	  
•  Why?	  
–  Edge	  cases	  dominate	  
–  The	  sum	  of	  the	  pieces	  is	  not	  equal	  to	  the	  whole	  
–  Are	  the	  proxies	  too	  ingrained	  with	  current	  HW	  
constraints?	  

•  What	  can	  we	  do?	  
–  Strive	  for	  a	  more	  mathema'cally	  rigorous	  defini'on	  of	  our	  
requirements	  

–  Tighter	  interac'on	  between	  domain	  scien'sts,	  computer	  
scien'sts	  and	  vendors	  

–  Abstract	  machine	  models	  can	  map	  out	  PM	  requirements	  



Applica'on	  Requirements	  

•  What	  can	  we	  agree	  on?	  
–  Task	  parallelism	  is	  our	  future…	  

•  Whether	  we	  like	  it	  our	  not…	  
•  But	  what	  does	  it	  look	  like?	  

– Open	  standards	  are	  needed	  
•  But	  are	  we	  ready	  to	  define	  those	  standards?	  

– Hierarchy	  of	  PM/Es	  
•  Task/data	  parallel	  low	  level	  constructs	  all	  the	  way	  up	  to	  DSLs	  
at	  the	  high	  level	  

•  Applica'on	  developers	  want	  to	  be	  able	  to	  drill	  down	  when	  it	  
is	  necessary	  (They	  are	  control	  freaks	  just	  like	  the	  rest	  of	  us!)	  



Revolu'onary	  Seman'c	  Constructs?	  

•  More	  natural	  capture	  of	  parallelism?	  
– Are	  task-‐based	  parallel	  constructs	  the	  panacea	  

•  Probably	  not…	  but	  they	  can	  help	  
•  Can	  we	  win	  on	  all	  fronts?	  
–  Performance,	  Portability	  &	  	  Produc'vity???	  

•  Probably	  not,	  but	  they	  are	  not	  orthogonal	  
•  One	  way	  or	  the	  other,	  propose	  something	  
concrete	  and	  let	  the	  applica'on	  developers	  beat	  
on	  it.	  
– Acknowledge	  this	  can	  be	  detrimental	  to	  fundamental	  
research	  goals	  but	  it	  is	  a	  crucial	  bridge.	  

“We	  are	  so	  opposed	  to	  a	  new	  language	  that	  we	  would	  invent	  one	  inside	  of	  comments!”	  
	   	   	   	   	   	   	   	   	   	   	  Comment	  on	  OpenMP	  



Revolu'onary	  Seman'c	  Constructs?	  

•  Low	  Level	  
–  DAG-‐based	  tasking?	  

•  Ubiquitous	  parallelism	  &	  Dependencies	  
–  Does	  it	  work	  for	  all	  algorithms?	  Should	  it?	  
–  Is	  the	  community	  ready	  to	  define	  a	  common	  abstrac'on/API?	  
Probably	  not…	  

•  High	  Level	  
–  Are	  DSLs	  our	  future?	  
–  Can	  applica'on	  developers	  relinquish	  that	  much	  control	  over	  
their	  code	  base?	  

–  Are	  general	  purpose	  DSLs	  a	  pipe	  dream?	  
–  Or	  are	  they	  becoming	  a	  more	  viable	  alterna've	  to	  libraries?	  



Portability	  vs.	  Performance	  vs.	  Produc'vity	  vs.	  
Robustness	  vs.	  Interoperability	  vs.	  Vendor	  Support	  

	  

•  We	  are	  always	  willing	  to	  give	  up	  some	  degree	  
of	  performance	  for	  produc'vity	  &	  portability	  
– How	  Much?	  It	  Depends….	  

•  Other	  communi'es	  place	  a	  premium	  on	  
“produc'vity”.	  
– Can	  we	  learn	  from	  them?	  
– Does	  this	  drive	  us	  away	  from	  the	  (1+epsilon)	  
rewrite	  philosophy?	  

– Can	  auto-‐tuning	  play	  a	  bigger	  role?	  



Portability	  vs.	  Performance	  vs.	  Produc'vity	  vs.	  
Robustness	  vs.	  Interoperability	  vs.	  Vendor	  Support	  

	  
•  Interoperability	  
–  Crucial	  when	  you	  are	  coupling	  disparate	  code	  bases	  (ala	  
libraries,	  etc.)	  

– Much	  less	  important	  when	  you	  own	  your	  code	  base	  
–  Par''oning	  of	  hardware	  resources	  to	  avoid	  conten'on	  is	  
the	  star'ng	  point	  

•  Vendor	  Support	  
– Why	  we	  need	  to	  drive	  the	  open	  standards,	  but	  can	  they	  
keep	  up?	  

–  Vendors	  will	  op'mize	  the	  subset	  of	  features	  that	  win	  them	  
the	  contractJ	  

–  Take	  advantage	  of	  other	  leverage	  points?	  



Extending	  MPI+X	  vs.	  Revolu'onary	  PM/Es	  

•  If	  we	  drive	  MPI+X	  models	  for	  now,	  the	  vendors	  and	  
community	  will	  respond	  with	  solu'ons	  in	  this	  domain.	  
– We	  can	  get	  preWy	  far	  down	  the	  road	  on	  that!	  

•  Big	  ques'on	  is	  when	  must	  we	  change	  
–  Op'miza'on	  of	  resources	  problem	  
– Most	  applica'on	  developers	  will	  wait	  un'l	  the	  perceived	  
payoff	  is	  big	  enough	  

–  Applica'on	  developers	  have	  to	  eat;	  Pay	  them	  to	  make	  the	  
leap	  of	  faith…	  

–  …because	  volunteer	  early	  adopters	  are	  probably	  not	  
enough	  	  



Themes/Closing	  Thoughts	  
•  Can	  we	  u'lize	  paWerns/abstrac'ons	  more	  
effec'vely?	  
– Rigorous	  defini'on	  of	  constructs/paWerns	  

•  Range	  of	  PM/Es	  from	  low	  to	  high	  
•  Try	  real	  apps	  in	  prototype	  PM/Es	  ASAP	  
•  Co-‐design	  communica'on	  is	  crucial	  
•  Revolu'onary	  algorithms	  could	  s'll	  be	  the	  
biggest	  winner	  



Themes/Closing	  Remarks	  

•  Engage	  standards	  communi'es	  
– There	  will	  be	  failures	  but	  we	  can	  learn	  from	  them	  

•  Pay	  people	  to	  try	  the	  new	  stuff	  
•  What	  scares	  us	  silly!	  
– Lack	  of	  mature	  implementa'ons	  of	  PEs	  
– Lack	  of	  tools	  

•  Overriding	  issue:	  HUMAN	  CAPITAL	  
– Domain	  Expert	  *	  Computer	  Scien'st	  =	  ~0	  



Themes/Closing	  Remarks	  

•  Urgency	  has	  escalated	  drama'cally	  in	  the	  last	  
few	  years	  

•  If	  the	  codes	  are	  expected	  to	  run	  effec'vely	  on	  
the	  pre-‐Exascale	  plamorms	  they	  need	  to	  
drama'cally	  change	  “yesterday”.	  

•  OR	  will	  the	  folks	  who	  play	  “wait	  and	  see”	  be	  
the	  winners?	  


