
Goal:	  Provide	  a	  resilient	  environment	  for	  PGAS	  applica6ons	  
•  Applica'ons	  should	  be	  able	  to	  customize	  resilience	  to	  their	  needs	  
•  Resilient	  run'me	  that	  provides	  easy-‐to-‐use	  mechanisms	  

Containment	  domains:	  Prototype	  abstrac3on	  for	  resilience	  
•  PGAS	  resilience	  consistency	  model	  
•  Directed	  and	  hierarchical	  preserva'on	  
•  Allows	  for	  global	  and	  par'al/localized	  recovery	  
•  Allows	  algorithmic	  and/or	  system-‐implemented	  detec'on,	  	  

elision,	  and	  recovery	  

Leverage:	  prior	  approaches	  and	  exper3se	  
•  Fast	  checkpoints	  for	  large	  bulk	  updates	  
•  Journal	  for	  small	  frequent	  updates	  
•  Hierarchical	  checkpoint-‐restart	  
•  OS-‐level	  save	  and	  restore	  
•  Distributed	  recover	  
	  

DEGAS:  
Dynamic Exascale Global Address Space 

Hierarchical	  Programming	  Models	  

Communica3on-‐Avoiding	  Compilers	  

Adap3ve	  Interoperable	  Run3mes	  

Lightweight	  One-‐Sided	  
Communica3on	  

Goal:	  Adap3ve	  run3me	  for	  manycore	  systems	  that	  are	  hierarchical,	  heterogeneous	  and	  
provide	  asymmetric	  performance	  	  
•  Reac've	  and	  proac've	  control	  	  for	  u'liza'on	  	  
•  Hybrid	  programming	  and	  fine	  grained	  asynchrony	  support	  
•  Library	  interoperability	  support	  by	  sharing	  of	  hardware	  threads	  
Novelty:	  
•  Run'me	  annotated	  with	  performance	  history/inten'ons	  for	  adapta'on	  	  
•  Performance	  models	  guide	  run'me	  op'miza'ons,	  specializa'on	  
•  Hierarchical	  resource	  management	  
•  Tunable	  control:	  Locality	  /	  load	  balance	  
Leverages:	  Exis3ng	  run3mes	  
•  Lithe	  scheduler	  composi'on;	  Juggle	  	  
•  BUPC	  and	  Habanero-‐C	  run'mes	  

	  

Challenge:	  	  
•  Policy	  engine	  needs	  real-‐3me	  informa3on	  on	  system	  energy	  and	  performance	  in	  order	  to	  make	  good	  scheduling	  

decision	  
Approach:	  	  
•  Collect	  and	  dis3ll	  performance/energy/'ming	  data	  
•  Iden3fy	  and	  report	  boIlenecks	  through	  summariza'on	  
•  Provide	  mechanisms	  for	  autonomous	  run'me	  adapta'on	  

Novelty:	  
•  Provides	  monitoring	  of	  power	  /	  network	  u'liza'on	  
•  Uses	  Machine	  Learning	  to	  iden'fy	  common	  characteris'cs	  
•  Manages	  Resource	  including	  dark	  silicon	  
Leverage:	  
•  Integrated	  Performance	  Monitoring	  (IPM)	  
•  Roofline	  formalism	  	  
•  Performance/energy	  counters	  

	  

Goal:	  Manage	  massive	  parallelism,	  deep	  memory	  and	  network	  hierarchies,	  plus	  func3onal	  
and	  performance	  heterogeneity	  	  
•  Parallelism:	  generate	  code	  that	  exploits	  massive	  task	  and	  data	  parallelism	  
•  Heterogeneity:	  tailor	  compila'on	  to	  core	  func'onal	  &	  performance	  characteris'cs	  
•  Energy	  efficiency:	  minimize	  data	  movement	  and	  support	  run'me	  adapta'on	  	  
•  Programmability:	  manage	  details	  of	  data	  layout,	  heterogeneity,	  and	  resilience	  
•  Scalability:	  hide	  communica'on	  and	  synchroniza'on	  costs	  using	  asynchrony	  
Novelty:	  Map	  Hierarchical	  PGAS	  (H-‐PGAS)	  onto	  Exascale	  plaNorms	  
•  Model-‐guided	  code	  genera'on	  for	  heterogeneous	  cores	  
•  Integrated	  support	  for	  locality,	  resilience,	  heterogeneity,	  	  

and	  adap'vity	  
•  Communica'on	  Avoiding	  (CA)	  strategies	  
•  Dynamic	  code	  genera'on	  for	  distributed	  data	  structures	  
Leverage:	  Compiler	  infrastructures	  and	  code	  genera3on	  
•  ROSE	  for	  H-‐CAF	  and	  CA;	  BUPC	  and	  Habanero-‐C	  
•  Python	  interpreter,	  SEJITS,	  and	  possibly	  ROSE	  for	  PyGAS	  
•  Theory	  of	  CA-‐algorithms	  

	  

	  

Goal:	  Programmability	  of	  exascale	  applica6ons	  while	  providing	  scalability,	  locality,	  energy	  efficiency,	  
resilience,	  and	  portability	  
•  Implicit	  constructs:	  parallel	  mul'dimensional	  loops,	  global	  distributed	  data	  structures,	  adapta'on	  for	  

performance	  heterogeneity	  
•  Explicit	  constructs:	  asynchronous	  tasks,	  phaser	  synchroniza'on,	  locality	  

Novelty:	  High-‐level	  constructs	  for	  Hierarchical	  PGAS	  (H-‐PGAS)	  	  
•  Hierarchical	  distributed	  data	  structures	  	  
•  Hierarchical	  pointers	  

•  Parallel	  mul'dimensional	  loops	  	  
•  Mutual	  exclusion	  and	  resilience	  through	  isola'on	  and	  containment	  	  
•  Seman'c	  guarantees	  for	  concurrency	  bugs	  

Two	  languages	  demonstrate	  DEGAS	  programming	  model	  
•  Hierarchical	  Co-‐Array	  Fortran	  (CAF):	  CAF	  for	  on-‐chip	  scaling	  and	  more	  
•  Habanero-‐UPC:	  Habanero’s	  intra-‐node	  model	  with	  UPC’s	  inter-‐node	  model	  	  

Language-‐independent	  H-‐PGAS	  Features:	  
•  Hierarchical	  distributed	  arrays,	  asynchronous	  tasks,	  and	  compiler	  specializa'on	  for	  hybrid	  (task/loop)	  parallelism	  

and	  heterogeneity	  
•  Seman'c	  guarantees	  for	  deadlock	  avoidance,	  determinism,	  etc.	  
•  Asynchronous	  collec'ves,	  func'on	  shipping,	  and	  hierarchical	  places	  
•  End-‐to-‐end	  support	  for	  asynchrony	  (messaging,	  tasking,	  bandwidth	  u'liza'on	  through	  concurrency)	  

•  Early	  concept	  explora'on	  for	  applica'ons	  and	  benchmarks	  

	  
	  

Goal:	  Maximize	  bandwidth	  use	  with	  lightweight	  communica3on	  
•  One-‐sided	  communica'on:	  to	  avoid	  over-‐synchroniza'on	  
•  Ac've-‐Messages:	  for	  produc'vity	  and	  portability	  
•  Interoperability:	  with	  MPI	  and	  threading	  layers	  
Novelty:	  	  
•  Conges'on	  management:	  for	  1-‐sided	  communica'on	  with	  ARTS	  
•  Hierarchical:	  communica'on	  management	  for	  H-‐PGAS	  
•  Resilience:	  globally	  consist	  states	  and	  	  
fine-‐grained	  fault	  recovery	  

Leverage:	  GASNet	  extended	  as	  above	  
•  Major	  changes	  for	  on-‐chip	  interconnects	  
•  Annual	  releases;	  used	  in	  produc'on	  
•  Enabler	  of	  several	  research	  projects	  
•  Each	  network	  has	  unique	  opportuni'es	  
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DEGAS Components 

DEGAS Software Stack 

DEGAS works to enable the broad success 
of Exascale systems through a unified 
programming model that is productive, 
scalable, portable, interoperable, and 
meets the unique Exascale demands of 
energy efficiency and resilience. 
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