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void kernel(int **A, int **B, int *N) {
  int tid(threadId.x);
  if (tid > N) {
    memcpy<<<1, 4>>>(A[tid], B[tid], N[tid]);
  } else {
    memcpy<<<1, 4>>>(B[tid], A[tid], N[tid]);
  }
}

Kernel	
  for	
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  execuMon	
  (CUDA).	
  

CUDA’s	
  special	
  syntax	
  for	
  dynamic	
  parallelism:	
  
kernel<<<#warps,	
  #threads>>>(args…)	
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void kernel(int **A, int **B, int *N) {
  int tid(threadId.x);
  if (tid > N) {
    memcpy<<<1, 4>>>(A[tid], B[tid], N[tid]);
  } else {
    memcpy<<<1, 4>>>(B[tid], A[tid], N[tid]);
  }
}
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call	
  site!	
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void kernel(int **A, int **B, int *N) {
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  if (tid > N) {
    memcpy<<<1, 4>>>(A[tid], B[tid], N[tid]);
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void memcpy(int *dest, int *src, int N) {
  for (int i=threadId.x; i < N; i+=threadDim.x) {
    dest[i] = src[i];
  }
}
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void memcpy(int *dest, int *src, int N) {
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  memory	
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  }

DIVERGENCE:	
   T0	
   T1	
   T2	
   T3	
  

EVERYWHERE:	
   T0	
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2.	
  Skip	
  formerly	
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  threads!	
  
3.	
  Extracts	
  values	
  for	
  current	
  thread	
  “i”.	
  
4.	
  We	
  then	
  call	
  our	
  SIMD	
  kernel	
  memcpy.	
  

NVIDIA	
  hardware	
  does	
  not	
  support	
  
re-­‐enabling	
  of	
  threads	
  within	
  warp!	
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  blocks	
  

SPMD	
  
	
  

handle	
  divergences	
  

SIMD	
  
	
  
all	
  threads	
  must	
  be	
  acMve	
  

at	
  the	
  call	
  site	
  

everywhere
	
  

temporarily	
  re-­‐enables	
  all	
  threads	
  within	
  the	
  warp	
  



Warp-­‐Synchronous	
  Programming:	
  Everywhere	
  blocks	
  

We	
  have	
  defined	
  the	
  semanMcs	
  of	
  EVERYWHERE	
  in	
  the	
  SIMD	
  world:	
  

SemanYcs	
  of	
  everywhere	
  in	
  SIMD:	
  
encode	
  the	
  building	
  blocks	
  to	
  implement	
  this	
  construct	
  



Warp-­‐Synchronous	
  Programming:	
  Everywhere	
  blocks	
  

We	
  have	
  defined	
  the	
  semanMcs	
  of	
  EVERYWHERE	
  in	
  the	
  SIMD	
  world:	
  

Implemented	
  an	
  abstract	
  SIMD	
  
machine	
  in	
  Prolog,	
  with	
  
support	
  to	
  everywhere	
  blocks.	
  

Extended	
  Intel's	
  SPMD	
  compiler	
  
with	
  a	
  new	
  idiom,	
  funcYon	
  call	
  
re-­‐vectorizaYon,	
  that	
  enhances	
  
naMve	
  dynamic	
  parallelism.	
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Re-­‐enable	
  all	
  threads	
  within	
  warp,	
  
avoiding	
  kernel	
  allocaMon	
  and	
  scheduling	
  

Allowing	
  SIMD	
  
funcMons	
  to	
  be	
  executed,	
  

without	
  diving	
  into	
  
warp-­‐synchronous	
  coding!	
  

FuncYon	
  Call	
  
Re-­‐VectorizaYon	
  



FuncMon	
  Call	
  Re-­‐VectorizaMon:	
  CREV	
  

string T = text, P = pattern;

void memcmp(int offset) {
  bool m = true;
  for (int i=threadId.x; i < |P|; ++i)
    if (P[i] != T[i + offset]) m = false;
  if (all(m == true)) Found(k);
}

void StringMatch() {
  for (int i=threadId.x; i < (|T| - |P|); i+=threadDim.x)
    if (P[0] == T[i]) crev memcmp(i);
}

void NaiveStringMatch() {
  for (int i=threadId.x; i < (|T| - |P|); i+=threadDim.x) {
    int j = 0, k = i;
    while (j < |P| and P[j] == T[k])
      j = j + 1; k = k + 1;
    if (j == |P|) Found(k);
  }
}

SIMD	
  funcMon	
  

SPMD	
  funcMon	
  
with	
  crev	
  call	
  

within	
  divergent	
  
region	
  

if (P[0] == T[i]) crev memcmp(i);	
  

Naïve	
  parallel	
  approach	
  

CR
EV
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FuncMon	
  Call	
  Re-­‐VectorizaMon:	
  CREV	
  

ProperYes	
  of	
  CREV:	
  
	
  
-­‐  Composability	
  

	
  We	
  are	
  able	
  to	
  nest	
  everywhere	
  blocks:	
  crev	
  can	
  be	
  called	
  recursively!	
  
	
  
-­‐  MulYplicaYve	
  composiYon	
  

	
  The	
  target	
  crev	
  funcMon	
  runs	
  once	
  per	
  acMve	
  thread.	
  
	
  In	
  a	
  warp	
  of	
  W	
  threads,	
  the	
  funcMon	
  may	
  run	
  up	
  to	
  W	
  Mmes.	
  
	
  If	
  the	
  call	
  is	
  recursive,	
  up	
  to	
  WN	
  Mmes.	
  

	
  
-­‐  CommutaYvity	
  

	
  There	
  is	
  no	
  predefined	
  order	
  between	
  execuMon	
  of	
  crev’s	
  target	
  funcMon.	
  
	
  
-­‐  SynchronizaYon	
  parity	
  

	
  SynchronizaMon	
  primiMves	
  remain	
  correct,	
  regardless	
  of	
  the	
  crev	
  nested	
  level.	
  
	
  crev	
  uses	
  a	
  context	
  stack	
  to	
  keep	
  track	
  of	
  divergences.	
  



FuncMon	
  Call	
  Re-­‐VectorizaMon:	
  CREV	
  

Sequential
 Parallel
 Launch
 CREV
 Dataset


BookFilter
 --
not implemented

8530.990 7857.980 7405.175 bin-­‐L20K-­‐P16	
  

String Matching
 6649.279
KMP Algorithm

3576.143 393166.268 2737.939 txt-­‐256MB-­‐P16	
  

Bellman-Ford
 141088.730 493619.688 --
not implemented

529856.065 erdos-­‐renyi	
  

Depth-First Search
 3754.101 3786.263 --
not implemented

3790.444	
   octree-­‐D5	
  

Connected-
Component Leader


4054.658 3983.088 5272.919 3984.795 octree-­‐D5	
  

Quicksort-bitonic
 2.871 --
not implemented

204.278 2.878 int-­‐16K	
  

Mergesort-bitonic
 7.302 --
not implemented

104.985 4.114 int-­‐16K	
  

ExecuYon	
  Ymes	
  (in	
  millions	
  of	
  cycles):	
  

Datasets:	
  
	
  

-­‐  bin-­‐L20K-­‐P16:	
  10K	
  strings	
  of	
  0s	
  and	
  1s,	
  each	
  of	
  length	
  20K,	
  and	
  target	
  paCern	
  of	
  length	
  16.	
  
-­‐  txt-­‐256MB-­‐P16:	
  256MB	
  in	
  5bi	
  lines	
  from	
  books	
  from	
  Project	
  Gutenberg;	
  target	
  paCern	
  has	
  length	
  16.	
  
-­‐  erdos-­‐renyi:	
  random	
  Erdos-­‐Renyi	
  graph	
  with	
  2048	
  nodes	
  and	
  80%	
  probability	
  of	
  edges.	
  
-­‐  octree-­‐D5:	
  8-­‐ary	
  complete	
  tree	
  of	
  depth	
  5	
  (root	
  +	
  five	
  full	
  levels	
  of	
  nodes).	
  
-­‐  int-­‐16K:	
  16K	
  random	
  integers	
  in	
  the	
  range	
  [0,	
  100000).	
  

✪ Fastest;	
  ✪ 1st	
  runner	
  up;	
  ✪ 2nd	
  runner	
  up.	
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QUESTIONS?	
  
Sergey	
  Prokofiev	
  –	
  Piano	
  sonata	
  no.	
  7	
  op.	
  83	
  

Email	
  us:	
  
Rubens	
  Emilio	
  Alves	
  Moreira	
  [rubens@dcc.ufmg.br]	
  
Sylvain	
  Collange	
  [sylvain.collange@inria.fr]	
  
Fernando	
  Magno	
  Quintão	
  Pereira	
  [fernando@dcc.ufmg.br]	
  
	
  
Check	
  our	
  website:	
  
hCp://cuda.dcc.ufmg.br/~swan	
  


