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What	
  Qthreads	
  Is	
  

§  Qthreads	
  is	
  a	
  user-­‐level	
  library	
  for	
  lightweight	
  massive	
  on-­‐
node	
  mulAthreading,	
  accessible	
  directly	
  using	
  a	
  C	
  API	
  or	
  
indirectly	
  through	
  a	
  variety	
  of	
  higher-­‐level	
  programming	
  
models	
  

§  IniAal	
  moAvaAon	
  was	
  to	
  support	
  graph	
  processing	
  /	
  analyAcs	
  
applicaAons	
  on	
  commodity	
  hardware	
  using	
  runAme-­‐managed	
  
massive	
  mulAthreading	
  and	
  rich	
  synchronizaAon	
  primiAves	
  

§  Evolved	
  into	
  a	
  dual-­‐use	
  soIware	
  capability	
  for	
  both	
  analyAcs	
  
and	
  computaAonal	
  science	
  

2	
  



What	
  Qthreads	
  Is	
  Not	
  

§  A	
  mechanism	
  for	
  taking	
  over	
  the	
  world	
  
§  A	
  PR	
  vehicle	
  for	
  convincing	
  program	
  managers	
  that	
  we’re	
  

doing	
  something	
  fundamentally	
  new	
  in	
  lightweight	
  threading	
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Many	
  Other	
  Run	
  Time	
  Systems	
  
§  Nanos++,	
  StarSS,	
  OmpSS	
  (BSC)	
  
§  StarPU,	
  ForestGOMP	
  (Inria)	
  
§  Habanero/OCR	
  (Rice	
  U.)	
  
§  SWARM/OCR	
  (ETI)	
  
§  MassiveThreads	
  (U.	
  Tokyo)	
  
§  Cilk	
  &	
  Cilk	
  Plus	
  (MIT	
  &	
  Intel)	
  
§  MPC	
  (CEA)	
  
§  Grappa	
  (UW/PNNL)	
  
§  Argobots	
  (ANL)	
  
§  Charm++	
  (UIUC)	
  
§  HPX	
  (LSU	
  &	
  IU)	
  
§  Legion	
  (Stanford)	
  
§  Uintah	
  (U.	
  Utah)	
  

4	
  



Qthreads	
  ObjecAves	
  and	
  Outcomes	
  

§  Be	
  efficient	
  for	
  both	
  analyAcs	
  and	
  computaAonal	
  science	
  
§  Many	
  other	
  run	
  Ame	
  systems	
  address	
  only	
  one	
  or	
  the	
  other	
  

§  Be	
  a	
  vehicle	
  for	
  run	
  Ame	
  system	
  research	
  
§  Enable	
  co-­‐design	
  leveraging	
  Sandia	
  experAse	
  across	
  the	
  system	
  stack	
  
§  Use	
  modularity	
  for	
  flexibility,	
  extensibility	
  

§  Support	
  for	
  diverse	
  architectures	
  and	
  programming	
  models	
  

§  Improve	
  understanding	
  of	
  system	
  and	
  applicaAon	
  behavior	
  
§  Test	
  and	
  challenge	
  efficiency	
  and	
  scalability	
  limits	
  

§  Impact	
  deployed	
  run	
  Ame	
  system	
  technologies	
  
§  Develop	
  soluAons	
  to	
  unsolved	
  problems	
  in	
  adapAve	
  run	
  Ame	
  systems	
  
§  Present	
  lessons	
  learned	
  to	
  industry	
  and	
  the	
  community	
  

§  Vendors	
  apply	
  our	
  techniques	
  to	
  their	
  implementaAons,	
  e.g.,	
  in	
  OpenMP	
  
§  In	
  the	
  case	
  of	
  the	
  Chapel	
  language,	
  Cray	
  has	
  adopted	
  our	
  run	
  Ame	
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Qthreads	
  Model	
  

§  The	
  programmer	
  exposes	
  applicaAon	
  
parallelism	
  as	
  massive	
  numbers	
  of	
  lightweight	
  
tasks	
  (qthreads).	
  
§  Problem-­‐centric,	
  rather	
  than	
  processor-­‐centric	
  work	
  

decomposiAon,	
  for	
  transparent	
  scaling	
  
§  Full/empty	
  bit	
  primiAves	
  for	
  flexible	
  synchronizaAon	
  

§  Emulates	
  Cray	
  XMT	
  (ThreadStorm)	
  architecture	
  
§  C	
  API	
  with	
  no	
  special	
  compiler	
  support	
  required	
  

§  The	
  run	
  Ame	
  system	
  dynamically	
  manages	
  the	
  
scheduling	
  of	
  tasks	
  for	
  locality	
  and	
  scalability.	
  
§  Persistent	
  pthreads	
  execute	
  the	
  user’s	
  tasks	
  

§  Pinned	
  to	
  cores	
  in	
  topology-­‐aware	
  configuraAon	
  
§  Lightweight	
  task	
  switching	
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Qthreads-­‐based	
  SoIware	
  

§  Chapel	
  programming	
  language	
  
§  Chapel	
  is	
  Cray’s	
  next	
  generaAon	
  parallel	
  programming	
  language.	
  
§  Qthreads	
  provides	
  the	
  default	
  tasking	
  layer	
  for	
  the	
  Chapel	
  run	
  Ame.	
  

§  MulAthreaded	
  graph	
  library	
  (MTGL)	
  
§  MTGL	
  is	
  Sandia’s	
  toolkit	
  for	
  graph	
  processing	
  algorithms.	
  
§  Qthreads	
  allows	
  MTGL,	
  originally	
  designed	
  for	
  the	
  Cray	
  XMT,	
  to	
  

execute	
  on	
  commodity	
  systems	
  such	
  as	
  x86	
  and	
  POWER	
  machines.	
  
§  Kokkos	
  task-­‐parallel	
  extensions	
  [In	
  progress	
  through	
  ATDM]	
  

§  Kokkos	
  is	
  Sandia’s	
  C++	
  library	
  for	
  efficient	
  management	
  of	
  data	
  layout	
  
and	
  parallelism	
  for	
  manycore	
  processors.	
  

§  Qthreads	
  supports	
  extensions	
  to	
  Kokkos	
  that	
  add	
  task	
  parallelism	
  
(futures,	
  dependences)	
  to	
  exisAng	
  Kokkos	
  data	
  parallel	
  capabiliAes.	
  

§  Qthreads	
  also	
  served	
  as	
  an	
  OpenMP	
  run	
  Ame	
  using	
  the	
  LLNL	
  
ROSE	
  compiler	
  as	
  the	
  front-­‐end.	
  [Not	
  currently	
  funded	
  work]	
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Lightweight	
  Threading	
  Issues	
  

§  InteracAon	
  with	
  network	
  [CSSE]	
  
§  Support	
  for	
  lightweight	
  thread	
  sleep/wakeup	
  mechanisms	
  

§  Eliminate	
  polling	
  for	
  compleAon	
  and	
  data	
  movement	
  

§  Strategies	
  for	
  miAgaAng	
  lack	
  of	
  parallelism	
  in	
  network	
  interface	
  
§  Beker	
  network	
  interface	
  support	
  for	
  lightweight	
  threads	
  

§  InteracAon	
  with	
  OS	
  [FY17	
  ATDM]	
  
§  Support	
  for	
  introspecAon	
  
§  Event-­‐driven	
  behavior	
  
§  Dealing	
  with	
  blocking	
  system	
  calls	
  

§  Tools	
  and	
  tool	
  infrastructure	
  
§  Performance	
  analysis	
  
§  Correctness	
  analysis	
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ISC	
  Workshop	
  on	
  Dynamic	
  RunAmes	
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Available	
  Online	
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Qthreads 

http://www.github.com/Qthreads 


