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• multicore 
• caches

Inside Intel :-)
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4-cores Haswell

6-cores AMD Istanbul

4-cores AMD  
Barcelona

Intel Xeon Phi ~ 60 cores (KNC)

1 core

- GPU 
- MPPA [Kalray]



How to program such computer?
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Multi/many core area 

Top-down classification 
◆ network  

- MPI, PGAS (UPC), X10 
◆ multi-core  

- OpenMP, Cilk, Intel TBB, XKaapi, StarPU… 
◆ accelerator 

- Cuda, OpenCL, OpenACC, OpenMP (4.0) 
◆ vector / SIMD unit 

- compiler, extended type, OpenMP (4.0) 

Which parallel programming environment ?

OpenMP 4.x !
Permanent Members of the ARB: 
 • AMD (Greg Stoner) 
 • ARM (Chris Adeniyi-Jones) 
 • Cray (Luiz DeRose) 
 • Fujitsu (Eiji Yamanaka) 
 • HP (Sujoy Saraswati) 
 • IBM (Kelvin Li) 
 • Intel (Xinmin Tian) 
 • Micron (Kirby Collins) 
 • NEC (Kazuhiro Kusano) 
 • NVIDIA (Jeff Larkin) 
 • Oracle Corporation (Nawal Copty) 
 • Red Hat (Matt Newsome) 
 • Texas Instruments (Andy Fritsch) 
Auxiliary Members of the ARB: 
 • Argonne National Laboratory (Kalyan Kumaran) 
 • ASC/Lawrence Livermore National Laboratory (Bronis R. de Supinski) 
 • Barcelona Supercomputing Center (Xavier Martorell) 
 • cOMPunity (Barbara Chapman/Yonghong Yan) 
 • Edinburgh Parallel Computing Centre (EPCC) (Mark Bull) 
 • Los Alamos National Laboratory (David Montoya) 
 • Lawrence Berkeley National Laboratory (Alice Koniges/Helen He) 
 • NASA (Henry Jin) 
 • Oak Ridge National Laboratory (Oscar Hernandez) 
 • RWTH Aachen University (Dieter an Mey) 
 • Sandia National Laboratory (Stephen Olivier) 
 • Texas Advanced Computing Center (Kent Milfeld) 
 • University of Houston (Barbara Chapman/Deepak Eachempati) 
[+2016] 
 • INRIA (O. Aumage) 



OpenMP
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Based on directives 
◆ compiler generates calls to a runtime library to manage parallelism 
◆ C,C++, Fortran 

Execution model 
◆ sequence of parallel regions / sequential regions  

Directives for 
◆ parallel loop and other work sharing constructs 

◆ Recursive tasks (independent and dependent) 
◆ synchronization 



What’s new in OpenMP?
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Parallel code thanks to annotation (directives) 
◆ Fortran, C, C++

time
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Program & execution with OpenMP
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Data Flow  
representation

#include <cblas.h> 
#include <clapack.h>

void Cholesky( int N, double A[N][N], size_t NB )
{
  for (size_t k=0; k < N; k += NB)
  {
#pragma omp task depend(inout: A[k:NB][k:NB]) shared(A)
    clapack_dpotrf( CblasRowMajor, CblasLower, NB, &A[k*N+k], N );

    for (size_t m=k+ NB; m < N; m += NB)
    {
#pragma omp task depend(in: A[k:NB][k:NB]) \
                 depend(inout: A[m:NB][k:NB]) shared(A)
      cblas_dtrsm ( CblasRowMajor, CblasLeft, CblasLower, CblasNoTrans, CblasUnit,
        NB, NB, 1., &A[k*N+k], N, &A[m*N+k], N );
    }

    for (size_t m=k+ NB; m < N; m += NB)
    {
#pragma omp task depend(in: A[m:NB][k:NB]) \
                 depend(inout: A[m:NB][m:NB]) shared(A)
     cblas_dsyrk ( CblasRowMajor, CblasLower, CblasNoTrans,
        NB, NB, -1.0, &A[m*N+k], N, 1.0, &A[m*N+m], N );

      for (size_t n=k+NB; n < m; n += NB)
      {
#pragma omp task depend(in: A[m:NB][k:NB], A[n:NB][k:NB])\
                 depend(inout: A[m:NB][n:NB]) shared(A) 
        cblas_dgemm ( CblasRowMajor, CblasNoTrans, CblasTrans,
          NB, NB, NB, -1.0, &A[m*N+k], N, &A[n*N+k], N, 1.0, &A[m*N+n], N );
      }
    }
  }
#pragma omp taskwait
}

Application
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Core P#7

PU P#151

NUMANode P#19 (31GB)

Socket P#19

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#152

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#153

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#154

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#155

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#156

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#157

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#158

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#159

Group0 (62GB)

NUMANode P#20 (31GB)

Socket P#20

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#160

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#161

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#162

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#163

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#164

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#165

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#166

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#167

NUMANode P#21 (31GB)

Socket P#21

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#168

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#169

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#170

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#171

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#172

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#173

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#174

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#175

Group0 (62GB)

NUMANode P#22 (31GB)

Socket P#22

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#176

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#177

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#178

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#179

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#180

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#181

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#182

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#183

NUMANode P#23 (31GB)

Socket P#23

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#184

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#185

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#186

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#187

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#188

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#189

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#190

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#191

Host: uv2000

Indexes: physical

Date: mer. 11 janv. 2017 15:39:10 CET

Scheduler

If recursive task



Performance portability ?

9

Same program (Cholesky factorization), several compilers & runtime libraries 
◆ 192 cœurs SandyBridge
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Overhead versus parallelism

10
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How to improve performances ?

11

Task overhead depends on the runtime implementation 
◆ OMPSS >> GCC >> CLANG 
◆ Lot of research about task programming framework 

- Independent task model 
Cilk [1996] MIT => Cilk++ from Intel, TBB 

Wool [2015], … 

- Dependent task model 
Athapascan [1998] -> Kaapi [2006] 

StarPU [2010] 

StarSS[2007]->OMPSS[2011], Swan [2011], … 

KAAPI based OpenMP Runtime ! 
◆ MOAIS research team [2005-2015]:  

- research axis about « performance guarantees », « write once, run anywhere » 
◆ Kaapi [2006-2015]  

- Successor of Athapascan [1996] 
- Recursive tasks + data flow dependencies 

◆ Aggressive tasks representation 
◆ Support for libGOMP [GCC] since libKOMP [2012]



Speedup with Kaapi libKOMP

12

Same program (Cholesky factorization), several compilers & runtime libraries
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- 

libKOMP
- history 
- how to use it 
- task scheduling 
- loop scheduler 
…

13



Kaapi runtime library

14

Kaapi [2006] http://kaapi.gforge.inria.fr 
◆ Recursive tasks based with data flow dependencies 

- Athapascan [1996] 
◆ Several interfaces for C, C++ and Fortran 

- INRIA RT-0418, INRIA RT-0417, INRIA RT-0429  
◆ Cluster & Grid version [2006-2010] 

- Fault tolerance protocols for data flow program 
◆ Multi-CPUs & Multi-GPUs [2008-2015] 

- model agnostic scheduling (work stealing + heuristic) 
◆ Work stealing scheduler + heuristics 

- for homogeneous architecture = multi core, many core 
- for heterogeneous architecture  

up to 8 GPUs [IPDPS 2013, PARCO 2015], NUMA architecture 

- request combining protocol 
◆ Low overhead in task creation 

- Stack based allocation 
- Lazy graph representation, ready tasks computed during steal operation 

◆ Adaptive task model 
- Used to implement parallel loop with very small overhead 

◆ Tracing framework to capture events during runtime 
- software & hardware (PAPI) performance counters 
- generation of gantt for Paje or Vite  

➡ Good performance 
◆ Task: Linear Algebra, Clément Pernet talk 
◆ Loop: EPX (Europlexus) experience, Vincent Faucher talk 

BUT non standard interfaces 
◆ Specific Kaapi Fortran API required to be maintained

Irregular Application 
on Grid / Cluster

Irregular Application 
on multi-CPUs & multi-GPUs

Application 
on multi-cores / many-core



Related work
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libKOMP [IWOMP 2012->]

16

libKOMP = a binary compatible OpenMP runtime on top of KAAPI 
◆ with libGOMP (GCC) and libOMP (Intel/Clang) 
◆ available with Kaapi distribution 

- autotools: configure; make; make install 
◆ once your program is compiled with gcc, run it with libKOMP ! 

Ready for OpenMP-4.0 dependent task [2013] 
◆ with dependent task libKOMP is very similar to Kaapi programming model 

OpenMP performances ~ KAAPI performances 
◆ except at very fine task grain 
◆ [Clément Pernet talk]

thierry$ gcc  -fopenmp ex1.c 
thierry$ ./a.out 
Result is: 0.000000 1.000000 4.000000 9.000000 16.000000
thierry$ 

• With GCC
thierry$ gcc  -fopenmp ex1.c 
thierry$ ~/kaapi/bin/komp-run ./a.out
Result is: 0.000000 1.000000 4.000000 9.000000 16.000000
thierry$ 

• With GCC + libKOMP



Task creation

void main() 
{ 
   /* data result is produced */ 
  compute( size, result ); 
   
   /* data result is consumed */ 
  display( size, result ); 
}

void main() 
{ 
#pragma omp task depend(out: result) 
  compute( size, result ); 
   
#pragma omp task depend(in: result) 
  display( size, result ); 
}

17

Task creation == OpenMP code annotation = Tasks with data dependencies 

◆ Meta data shared by same type of tasks 
- access to memory for each parameters, number & type of parameters,… 

Compile with GCC and run with Kaapi ! 

compute

display

result



#include <stdio.h> 
#include <stdlib.h> 

/* write result[0..size-1] */ 
void compute(int size, double* result) 
{ 
  int i; 
  for (i=0; i<size; ++i) 
   result[i] = (double)(i*i); 
} 

/* read result[0..size-1] */ 
void display( int size, const double* result ) 
{ 
  int i; 
  printf("Result is:"); 
  for (i=0; i<size; ++i) 
    printf(" %f", result[i]); 
  printf("\n"); 
} 

int main() 
{ 
  int size = 5; 
  double* result = malloc( sizeof(double)*size ); 

  #pragma omp parallel 
  #pragma omp master 
  { 
    #pragma omp task depend(out: result[0:size]) 
    compute( size, result ); 
     
    #pragma omp task depend(in: result[0:size]) 
    display( size, result ); 
  } 

 return 0; 
}

Illustration

18

thierry$ gcc  -fopenmp ex1.c 
thierry$ ./a.out 
Result is: 0.000000 1.000000 4.000000 9.000000 16.000000
thierry$ 

• With GCC

thierry$ gcc  -fopenmp ex1.c 
thierry$ ~/kaapi/bin/komp-run ./a.out
Result is: 0.000000 1.000000 4.000000 9.000000 16.000000
thierry$ 

• With GCC + libKOMP

thierry$ clang -fopenmp ex1.c 
thierry$ LD_LIBRARY_PATH=~/kaapi/bin/lib/xkaapi ./a.out
Result is: 0.000000 1.000000 4.000000 9.000000 16.000000
thierry$ 

• With clang or icc + libKOMP



#include <stdio.h> 
#include <stdlib.h> 

/* write result[0..size-1] */ 
void compute(int size, double* result) 
{ 
  int i; 
  for (i=0; i<size; ++i) 
   result[i] = (double)(i*i); 
} 

/* read result[0..size-1] */ 
void display( int size, const double* result ) 
{ 
  int i; 
  printf("Result is:"); 
  for (i=0; i<size; ++i) 
    printf(" %f", result[i]); 
  printf("\n"); 
} 

int main() 
{ 
  int size = 5; 
  double* result = malloc( sizeof(double)*size ); 

  #pragma omp parallel 
  #pragma omp master 
  { 
    #pragma omp task depend(out: result[0:size]) 
    compute( size, result ); 
     
    #pragma omp task depend(in: result[0:size]) 
    display( size, result ); 
  } 

 return 0; 
}

Illustration

19

main._omp_fn.1
task=0x10a000080
sp=0x10a100160

wc=0, date:0, prio:0
size=1

0x7f9f13c0b8d0 v1

0x7f9f13c0b8d0 v0

main._omp_fn.2
task=0x10a000100
sp=0x10a100238

wc=0, date:0, prio:0
size=1

OpenMP 
does not really make  
difference between  
out and inout depend

read and write

thierry$ gcc  -fopenmp ex1.c 
thierry$ KAAPI_DUMP_GRAPH=1 ~/kaapi/bin/komp-run ./a.out
Result is: 0.000000 1.000000 4.000000 9.000000 16.000000
thierry$ dot -Tpdf /tmp/graph_sync_rdlist.thierry.0.dot 
> graph.pdf
thierry$ 

•Dump of the graph



KAAPI programming = OpenMP programming

20

KAAPI task model 
◆ data with data flow dependencies ➡ OpenMP dependent task 
◆ adaptive task ➡ OpenMP parallel loop and task loop 

What is missing ? 
◆ C++ interface  

- multi-CPUs / multi-GPUs 
◆ Ultra low overhead in task creation 

- overhead in OpenMP task: ICVs + protocol in GCC 
◆ More rich access modes & simpler semantics 

- Enforced sequential semantics 
read always returns value written by the last task or instruction 

- Concurrent write access mode 
reduction, concurrent write 

- Postponed access mode 
parallel graph construction with sequential semantics 

- No parallel regions composition problem !



Cholesky using the C++ interface

21

struct TaskCholesky: public ka::Task<2>::Signature< 
  int,                                       /* BS */ 
  ka::RPWP<ka::range2d<double,ColMajor> >    /* A */ 
>{}; 

template<> 
struct TaskBodyCPU<TaskCholesky> { 
  void operator()(  
         int BS, 
         ka::range2d_rpwp<double,ColMajor> A 
  ) 
  { 
    int N = A->dim(0); 
    for (int k= 0; k < N; k+=BS) 
    { 
      ka::rangeindex rk( k, k+BS ); 
      ka::Spawn<TaskDPOTRFBlas>()( A(rk,rk) ); 
      for (int m=k+BS; m < N; m += BS) 
      { 
        ka::rangeindex rm(m, m+BS); 
        ka::Spawn<TaskDTRSMBlas>() ( A(rk,rk), A(rm,rk) ); 
      } 
      for (int m=k+BS; m < N; m += BS) 
      { 
        ka::rangeindex rm(m, m+BS); 
        ka::Spawn<TaskDSYRKBlas>()( A(rm,rk), A(rm,rm) ); 

        for (int n=k+BS; n < m; n += BS) { 
          ka::rangeindex rn(n, n+BS); 
          ka::Spawn<TaskDGEMMBlas>()( A(rm,rk), A(rn,rk), A(rm,rn) ); 
        } 
      } 
    } 
    ka::Sync(); 
  } 
};

struct TaskDTRSMBlas : public ka::Task<2>::Signature< 
 ka::R<ka::range2d<double,ColMajor> >   /* Akk */ 
 ka::RW<ka::range2d<double,ColMajor> >  /* Amk */ 
> {}; 

template<> 
struct TaskBodyCPU< TaskDTRSMBlas > { 
  void operator() ( ka::range2d_r<double,ColMajor> > Akk, 
                    ka::range2d_rw<double,ColMajor> > Amk ) 
  { 
   /* call BLAS */ 
  } 
}; 

template<> 
struct TaskBodyCPU< TaskDTRSMBlas > { 
  void operator() ( ka::range2d_r<double,ColMajor> > Akk, 
                    ka::range2d_rw<double,ColMajor> > Amk ) 
  { 
   /* call CUBLAS */ 
  } 
};



Cholesky with OpenMP dependent task

22

#include <cblas.h>  
#include <clapack.h> 

void Cholesky( int N, double A[N][N], size_t NB ) 
{ 
  for (size_t k=0; k < N; k += NB) 
  { 
#pragma omp task depend(inout: A[k:NB][k:NB]) shared(A) 
    clapack_dpotrf( CblasRowMajor, CblasLower, NB, &A[k*N+k], N ); 

    for (size_t m=k+ NB; m < N; m += NB) 
    { 
#pragma omp task depend(in: A[k:NB][k:NB]) \ 
                 depend(inout: A[m:NB][k:NB]) shared(A) 
      cblas_dtrsm ( CblasRowMajor, CblasLeft, CblasLower, CblasNoTrans, CblasUnit, 
        NB, NB, 1., &A[k*N+k], N, &A[m*N+k], N ); 
    } 

    for (size_t m=k+ NB; m < N; m += NB) 
    { 
#pragma omp task depend(in: A[m:NB][k:NB]) \ 
                 depend(inout: A[m:NB][m:NB]) shared(A) 
     cblas_dsyrk ( CblasRowMajor, CblasLower, CblasNoTrans, 
        NB, NB, -1.0, &A[m*N+k], N, 1.0, &A[m*N+m], N ); 

      for (size_t n=k+NB; n < m; n += NB) 
      { 
#pragma omp task depend(in: A[m:NB][k:NB], A[n:NB][k:NB])\ 
                 depend(inout: A[m:NB][n:NB]) shared(A)  
        cblas_dgemm ( CblasRowMajor, CblasNoTrans, CblasTrans, 
          NB, NB, NB, -1.0, &A[m*N+k], N, &A[n*N+k], N, 1.0, &A[m*N+n], N ); 
      } 
    } 
  } 
#pragma omp taskwait 
}



Overview of speedup / OpenMP Cholesky 

23

KASTORS benchmark 
◆ http://kastors.gforge.inria.fr 

OpenMP experimentations with 
◆ GCC-5.2  
◆ CLANG-3.8 
◆ OMPSS-16.06.1 (nanox-0.10.1, mcxx-2.0.0) using the affinity scheduler 

NX_ARGS="--verbose=true --schedule=affinity --affinity-use-immediate-successor"

◆ XKAAPI 3.1 
- using libGOMP compatibility (code compiled with GCC and executed with libKOMP) 

◆ PLASMA 2.8 
- maximal performance = static scheduler ~ 2200Gflops 

◆ OpenBLAS 0.2.19 

idchire = UV 2000 SGI architecture 
◆ Xeon SandyBridge 8 cores  
◆ 192 cores 
◆ 24 NUMA nodes



Weak scalability  
(Dense Cholesky factorization)

24
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Kaapi [2006] http://kaapi.gforge.inria.fr 
◆ Several interfaces for C, C++ and Fortran 

- INRIA RT-0418, INRIA RT-0417, INRIA RT-0429 
◆ Recursive tasks based with data flow dependencies 

- Athapascan [1996] 
◆ Cluster & Grid version [2006-2010] 

- Fault tolerance protocols for data flow program 
◆ Work stealing scheduler + heuristics 

- for homogeneous architecture = multi core, many core 
- for heterogeneous architecture  

up to 8 GPUs [IPDPS 2013, PARCO 2015], NUMA architecture 

- request combining protocol 
◆ Low overhead in task creation 

- Stack based allocation 
- Lazy graph representation, ready tasks computed during steal operation 

◆ Adaptive task model 
- Used to implement parallel loop with very small overhead 

◆ Tracing framework to capture events during runtime 
- software & hardware (PAPI) performance counters 
- generation of gantt for Paje or Vite  

➡ Good performance 
◆ Task: Linear Algebra, Clément Pernet talk 
◆ Loop: EPX (Europlexus) experience, Vincent Faucher talk 

BUT non standard interface 
◆ Specific Kaapi Fortran API required to be maintained



Loop scheduler for irregular workload

25

Problem 

◆ Irregular workload among the iterations ! 
◆ Irregular workload among the timestep iterations !

for (int timestep = 0; timestep < T; ++ timestep) 
  #pragma omp parallel for [schedule(static|dynamic|guided)] 
  for (int i = 0; i < N; ++i) 
    compute(i) 



Classical OpenMP loop scheduler

26

Static scheduler unable to balance the load 

Better load balancing with dynamic scheduler, but poor affinity control

static schedulerdynamic scheduler 
best chunk_size=3000

Time spent in scheduling (overhead)

Number of iterations executed by each thread

Time spent in computation

tim
es

(m
s)

tim
es

(m
s)

#i
te

ra
tio

n

#i
te

ra
tio

n



Adaptive Loop scheduler in libKOMP
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Adapt to workload irregularity at runtime 
◆ make possible arbitrary splits of iterations assigned to a thread at runtime 
◆ idle threads steal iterations from busy threads 
◆ Try to keep spatial and temporal locality 

Based on work stealing [Cilk] 
◆ Cilk work queue : range of iterations [a,b) 

- steal a task = steal a sub range [a’,b’) 
◆ T.H.E like protocol to steal iterations 

- atomic read, atomic write and memory barrier (optional)

Initial workload distribution T3 has completed its 
range and starts stealing

T3 stole half of the remaining  
iteration of T1

per-thread 
adapted 
chunk_size!



28

Adaptive scheduler: good load balancing + good locality => smaller overheads

adaptive scheduler

Adaptive loop scheduler [IWOMP 2013]

dynamic scheduler 
best chunk_size=3000

tim
es

(m
s)

#i
te

ra
tio

n

tim
es

(m
s)

#i
te

ra
tio

n

M. Durand, F. Broquedis, T. Gautier, B. Raffin. An Efficient OpenMP Loop Scheduler for Irregular Applications on Large-Scale NUMA Machines. Proceedings of the 
9th International Conference on OpenMP in a Heterogeneous World (IWOMP), 8122:141-155, Lecture Notes in Computer Science, Canberra, Australia, 2013.

Time spent in scheduling (overhead)

Number of iterations executed by each thread

Time spent in computation



clang

LibKOMP overview based on Kaapi
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POSIX threads

libGOMP ABI

libGOMP

OMPRTL ABI

Intel OpenMP 
RunTime Library  

libOMP

Intel Xeon 
Phi Multicore processors (Intel, AMD)

gcc

application

compiler

runtime

hardware

XKaapi (2006) 
http://kaapi.gforge.inria.fr

libKOMP 
(IWOMP2012) (IWOMP2013)

OpenMP application (C, C++, Fortran)

icc

OpenMP + 
accelerators

StarPU

KSTAR 
(clang)
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ADT INRIA 2013-2015 
◆ Coordinator T. Gautier [Grenoble/MOAIS -> Lyon/AVALON] 
◆ O. Aumage co-coordinator [Bordeaux/RUNTIME -> STORM] 

Goal 
◆ C and C++ compiler OpenMP -> Kaapi or StarPU runtimes 
◆ multi-GPUs 

KStar’ Prototype compiler where necessary before compiler for 4.0 features 
◆ dependent task 
◆ base clang  + rewriter, parsing integrated by Intel Group 
◆ extensions for concurrent write (Kaapi), commute (StarPU), affinity (Kaapi) 

But 
◆ robustness ? 
◆ human resource for supporting compiler development  
◆ no fortran support 

Development stopped for KAAPI



libKOMP experiences
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Good performance in managing fine grain OpenMP Task 
◆ Almost fully compatible with non offloading part of libGOMP (OpenMP-4.1) 

- missing support for taskloop, cancellation of taskgroup, non standard mix of pthread + libGOMP 
- ~ 30 failures / 2144 gcc tests 

OpenMP extensions is possible at runtime library only 
◆ affinity, taskname 
◆ new ICV 

Code summary
Kaapi 3.1 libGOMP 

gcc 5.2
libOMP 
Intel

StarPU 1.3 
(K’Star 
distribution)Source size 

- tarball (tgz) 
1.5MBytes 720KBytes 4.9MBytes 8MBytes

library size 246KB (kaapi) 
75KB (libKOMP) 
83KB (libGOMP) 
120KB (libOMP)

1MB (libGOMP) 964KB (libOMP & 
libGOMP)

6.75MB 
(libstarpu-1.3)

archicture multi/many core OpenMP + 
offloading

multi/many core multi/many core 
heterogeneous
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KAAPI development is stopped 
◆ [except support for application & libKOMP] 



Bad news
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KAAPI development is stopped 
◆ [except support for application & libKOMP] 

but libKOMP continues



- 

A new version of libKOMP

- enhanced features
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Dilemma
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How to have… 
◆ Robust compiler ? 
◆ Support for C, C++, Fortran ? 
◆ Capacity to extend runtime / language construction ? 

At low human cost ?



Solution: runtime library approach = libKOMP !
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Basic Idea: reuse existing code of a runtime 
◆ libOMP was choose ! 
◆ Focus on specific point inside a runtime 

- e.g. task scheduling = 3 main functions in Intel Runtime 
◆ extensions to OpenMP standard are integrated as 

- an OpenMP Runtime library functions, e.g. omp.h / omp_get_num_threads() 
- compiler extension: take Clang and generate runtime call to libKOMP 

Having a robust & high quality OpenMP runtime 
◆ For application developers 
◆ For demonstrating our proposition  

Making possible research 
◆ affinity & locality aware scheduling 
◆ resource agnostic scheduling 
◆ energy efficiency 
◆ scheduler loop extension 



New libKOMP
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POSIX threads

libGOMP ABI

libGOMP

OMPRTL ABI

Intel OpenMP RunTime Library  
libOMP

Intel Xeon 
Phi Multicore processors (Intel, AMD)

gcc

application

compiler

runtime

hardware

icc

OpenMP application (C, C++, Fortran)

libGOMP

Binary 
equivalent 
libGOMP 
runtime

clang gcc
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POSIX threads

libGOMP ABI

libGOMP

OMPRTL ABI
Intel OpenMP RunTime Library  

Intel Xeon 
Phi Multicore processors (Intel, AMD)

gcc

application

compiler

runtime

hardware

OpenMP application (C, C++, Fortran)

Kaapi

libGOMP 
+ better support

icc gcc

New libKOMP



New libKOMP = parts of KAAPI into Intel libOMP
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Why Intel Runtime ? 
◆ Intel Runtime selected for several reasons 

- target of icc and ifort compiler 
- good algorithms and data structures basis 

- distributed work queues + (naive) work stealing algorithm 

- scalable barrier algorithm 

- small overhead in task creation 

- integration of a lot of loop schedulers (~ 15) 

- initial good support for libGOMP / GCC application 
- initial support for OMPT (interface for integrating tracing tools with OpenMP runtime) 

Integration of KAAPI solutions 
◆ task scheduling algorithm 

- affinity scheduler 
◆ task concurrent write & commute 
◆ tracing tools 
◆ support for GCC dependent task 
◆ lightweight task representation 
◆ adaptive task model 

- specific loop scheduler 

libKOMP@ http://gitlab.inria.fr/openmp/libkomp

What you will download today 
- ongoing work!



OpenMP extensions
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Runtime extensions 
◆ better algorithms inside the runtime 

- Kaapi task representation and scheduling 

◆ with runtime application interface through OMP runtime function calls 
- e.g. omp_get_thread_num  
- omp_set_task_affinity 
- omp_set_task_name 
- new loop scheduler through omp_set_schedule 

◆ do not require compiler support 
◆ bindings in C, C++ and Fortran 
◆ libKOMP = https://gitlab.inria.fr/openmp/libkomp 

Compiler extensions 
◆ taskname 
◆ concurrent write access 
◆ commute access [from StarPU] 
◆ affinity 
◆ Enhanced CLANG compiler = https://gitlab.inria.fr/openmp/clang



libKOMP configuration & installation
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Source access 
◆ Git access: https://gitlab.inria.fr/openmp/libkomp 

- branch « libkomp » 
◆ download tarball  

Configuration of libOMP 
◆ cmake ../openmp -D<SPECIFIC OPTION> 

- -DLIBOMP_USE_AFFINITY=true : use affinity scheduler 
Req. -DLIBOMP_USE_HWLOC=true  

- -DLIBOMP_USE_THEQUEUE=true : use T.H.E. original Cilk protocol and tasks’ queues 
- -DLIBOMP_USE_THE_AGGREGATION=true : add request combining protocols 
- -DLIBOMP_KAAPI_TRACING=on : compile support for Kaapi tracing.  

Req. -DLIBOMP_HAVE_OMPT_SUPPORT=on 

- -DLIBOMP_USE_PAPI=true : compile Kaapi tracing with Papi support 

> thierry$ git clone https://gitlab.inria.fr/openmp/libkomp.git
Clonage dans 'libkomp'...
…
> thierry$ ll libkomp/
total 48
-rw-r--r--   1 thierry  wheel   150 18 jan 14:52 CMakeLists.txt
-rw-r--r--   1 thierry  wheel  1568 18 jan 14:52 CREDITS.txt
-rw-r--r--   1 thierry  wheel  9282 18 jan 14:52 LICENSE.txt
-rw-r--r--   1 thierry  wheel  1613 18 jan 14:52 README.md
drwxr-xr-x   6 thierry  wheel   204 18 jan 14:52 offload
drwxr-xr-x  10 thierry  wheel   340 18 jan 14:52 runtime
drwxr-xr-x  30 thierry  wheel  1020 18 jan 14:52 testsuite
drwxr-xr-x   7 thierry  wheel   238 18 jan 14:52 www
> thierry$ mkdir build; cd build

> thierry$ cmake ../libkomp -DLIBOMP_USE_HWLOC=true -DLIBOMP_USE_AFFINITY=true -DLIBOMP_OMPT_SUPPORT=off -DLIBOMP_KAAPI_TRACING=off  \
     -DCMAKE_INSTALL_PREFIX=$HOME/install-release-affinity -DCMAKE_BUILD_TYPE=release
> thierry$ make install -j 8



libKOMP configuration & installation
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Installation 
◆ prefix specified by « -DCMAKE_INSTALL_PREFIX »  

Running program 
◆ Here Kastors Cholesky factorization 

> thierry$ make install
make install
[ 10%] Built target libomp-needed-headers
[100%] Built target omp
Install the project...
-- Install configuration: "release"
-- Installing: /home/gautier/install-release-affinity/lib/libomp.so
-- Up-to-date: /home/gautier/install-release-affinity/include/omp.h

> thierry$ N=192; LD_LIBRARY_PATH=/home/gautier/LIBOMP_KAAPI/install-release-affinity/lib \
                OMP_DISPLAY_ENV=true OMP_NUM_THREADS=$N OMP_PLACES="cores($N)"  \
                ./dpotrf_taskdep -n 8192 -b 224 -i 10



- 

one extension: NUMA affinity
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NUMA architecture
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Main characteristics 
◆ NUMA (Non Uniform Memory Access) 
◆ big memory banks are slow 
◆ big L3 cache shared by multiple cores 

 Impacts 
◆ algorithmic 
◆ os/runtime

Interconnect 
QPI or HTXMemory

CORE CORE CORE

cache cache

CORE

cache cache

cache L2

cache L3

cache L2

Memory

CORE CORE CORE

cache cache

CORE

cache cache

cache L2

cache L3

cache L2

Memory

CORE CORE CORE

cache cache

CORE

cache cache

cache L2

cache L3

cache L2

Interconnect 
QPI or HTX

 

Socket
Chip

NUMA node NUMA node NUMA node

Socket
Chip



Classical NUMA multicore
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Idchire 
◆ UV 2000 SGI 
◆ 192 cores 

- sandybridge 2.4GHz 
- 732GBytes 

◆ 24 NUMA nodes x 8 cores 

Brunch 
◆ Dell PowerEdge R930 
◆ 96 cores 

- broadwell 2.2Ghz 
- 1.5TBytes 

◆ 4 NUMA nodes x 24 cores

Machine (744GB)

Group0 (62GB)

NUMANode P#0 (31GB)

Socket P#0

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#0

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#1

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#2

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#3

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#4

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#5

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#6

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#7

PCI 8086:1521

eth0

PCI 8086:1521

eth1

PCI 8086:1d68

PCI 102b:0534

PCI 8086:1d02

NUMANode P#1 (31GB)

Socket P#1

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#8

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#9

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#10

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#11

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#12

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#13

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#14

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#15

PCI 1000:0079

sda sdb

Group0 (62GB)

NUMANode P#2 (31GB)

Socket P#2

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#16

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#17

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#18

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#19

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#20

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#21

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#22

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#23

NUMANode P#3 (31GB)

Socket P#3

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#24

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#25

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#26

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#27

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#28

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#29

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#30

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#31

Group0 (62GB)

NUMANode P#4 (31GB)

Socket P#4

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#32

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#33

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#34

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#35

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#36

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#37

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#38

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#39

PCI 14e4:1639

eth2

PCI 14e4:1639

eth3

PCI 14e4:1639

eth4

PCI 14e4:1639

eth5

NUMANode P#5 (31GB)

Socket P#5

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#40

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#41

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#42

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#43

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#44

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#45

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#46

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#47

Group0 (62GB)

NUMANode P#6 (31GB)

Socket P#6

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#48

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#49

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#50

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#51

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#52

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#53

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#54

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#55

PCI 15b3:1003

ib0

mlx4_0

NUMANode P#7 (31GB)

Socket P#7

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#56

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#57

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#58

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#59

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#60

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#61

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#62

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#63

Group0 (62GB)

NUMANode P#8 (31GB)

Socket P#8

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#64

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#65

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#66

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#67

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#68

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#69

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#70

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#71

PCI 1000:0072

NUMANode P#9 (31GB)

Socket P#9

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#72

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#73

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#74

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#75

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#76

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#77

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#78

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#79

Group0 (62GB)

NUMANode P#10 (31GB)

Socket P#10

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#80

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#81

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#82

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#83

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#84

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#85

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#86

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#87

NUMANode P#11 (31GB)

Socket P#11

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#88

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#89

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#90

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#91

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#92

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#93

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#94

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#95

Group0 (62GB)

NUMANode P#12 (31GB)

Socket P#12

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#96

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#97

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#98

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#99

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#100

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#101

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#102

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#103

NUMANode P#13 (31GB)

Socket P#13

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#104

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#105

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#106

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#107

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#108

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#109

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#110

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#111

Group0 (62GB)

NUMANode P#14 (31GB)

Socket P#14

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#112

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#113

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#114

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#115

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#116

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#117

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#118

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#119

NUMANode P#15 (31GB)

Socket P#15

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#120

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#121

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#122

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#123

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#124

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#125

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#126

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#127

Group0 (62GB)

NUMANode P#16 (31GB)

Socket P#16

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#128

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#129

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#130

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#131

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#132

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#133

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#134

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#135

NUMANode P#17 (31GB)

Socket P#17

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#136

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#137

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#138

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#139

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#140

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#141

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#142

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#143

Group0 (62GB)

NUMANode P#18 (31GB)

Socket P#18

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#144

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#145

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#146

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#147

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#148

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#149

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#150

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#151

NUMANode P#19 (31GB)

Socket P#19

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#152

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#153

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#154

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#155

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#156

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#157

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#158

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#159

Group0 (62GB)

NUMANode P#20 (31GB)

Socket P#20

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#160

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#161

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#162

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#163

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#164

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#165

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#166

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#167

NUMANode P#21 (31GB)

Socket P#21

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#168

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#169

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#170

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#171

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#172

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#173

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#174

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#175

Group0 (62GB)

NUMANode P#22 (31GB)

Socket P#22

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#176

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#177

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#178

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#179

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#180

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#181

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#182

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#183

NUMANode P#23 (31GB)

Socket P#23

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#184

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#185

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#186

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#187

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#188

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#189

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#190

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#191

Host: uv2000

Indexes: physical

Date: mer. 11 janv. 2017 15:39:10 CET

Machine (1515GB total)

NUMANode P#0 (379GB)

Package P#0

L3 (60MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#0

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#4

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#8

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#12

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#16

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#20

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#8

PU P#24

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#9

PU P#28

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#10

PU P#32

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#11

PU P#36

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#12

PU P#40

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#13

PU P#44

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#16

PU P#48

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#17

PU P#52

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#18

PU P#56

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#19

PU P#60

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#20

PU P#64

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#21

PU P#68

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#24

PU P#72

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#25

PU P#76

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#26

PU P#80

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#27

PU P#84

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#28

PU P#88

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#29

PU P#92

PCI 8086:10fb

eth2

PCI 8086:10fb

eth3

PCI 1000:005d

sda sdb

PCI 8086:1521

eth0

PCI 8086:1521

eth1

PCI 102b:0534

card0

controlD64

PCI 8086:1d02

sr0

NUMANode P#1 (379GB)

Package P#1

L3 (60MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#1

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#5

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#9

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#13

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#17

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#21

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#8

PU P#25

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#9

PU P#29

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#10

PU P#33

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#11

PU P#37

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#12

PU P#41

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#13

PU P#45

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#16

PU P#49

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#17

PU P#53

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#18

PU P#57

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#19

PU P#61

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#20

PU P#65

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#21

PU P#69

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#24

PU P#73

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#25

PU P#77

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#26

PU P#81

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#27

PU P#85

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#28

PU P#89

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#29

PU P#93

NUMANode P#2 (379GB)

Package P#2

L3 (60MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#2

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#6

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#10

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#14

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#18

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#22

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#8

PU P#26

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#9

PU P#30

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#10

PU P#34

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#11

PU P#38

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#12

PU P#42

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#13

PU P#46

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#16

PU P#50

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#17

PU P#54

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#18

PU P#58

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#19

PU P#62

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#20

PU P#66

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#21

PU P#70

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#24

PU P#74

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#25

PU P#78

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#26

PU P#82

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#27

PU P#86

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#28

PU P#90

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#29

PU P#94

NUMANode P#3 (379GB)

Package P#3

L3 (60MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#3

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#7

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#11

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#15

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#19

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#23

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#8

PU P#27

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#9

PU P#31

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#10

PU P#35

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#11

PU P#39

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#12

PU P#43

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#13

PU P#47

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#16

PU P#51

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#17

PU P#55

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#18

PU P#59

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#19

PU P#63

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#20

PU P#67

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#21

PU P#71

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#24

PU P#75

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#25

PU P#79

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#26

PU P#83

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#27

PU P#87

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#28

PU P#91

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#29

PU P#95

Host: brunch

Indexes: physical

Date: Wed 11 Jan 2017 03:42:04 PM CET

Machine (744GB)

Group0 (62GB)

NUMANode P#0 (31GB)

Socket P#0

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#0

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#1

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#2

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#3

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#4

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#5

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#6

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#7

PCI 8086:1521

eth0

PCI 8086:1521

eth1

PCI 8086:1d68

PCI 102b:0534

PCI 8086:1d02

NUMANode P#1 (31GB)

Socket P#1

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#8

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#9

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#10

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#11

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#12

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#13

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#14

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#15

PCI 1000:0079

sda sdb

Group0 (62GB)

NUMANode P#2 (31GB)

Socket P#2

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#16

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#17

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#18

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#19

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#20

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#21

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#22

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#23

NUMANode P#3 (31GB)

Socket P#3

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#24

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#25

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#26

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#27

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#28

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#29

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#30

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#31

Group0 (62GB)

NUMANode P#4 (31GB)

Socket P#4

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#32

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#33

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#34

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#35

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#36

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#37

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#38

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#39

PCI 14e4:1639

eth2

PCI 14e4:1639

eth3

PCI 14e4:1639

eth4

PCI 14e4:1639

eth5

NUMANode P#5 (31GB)

Socket P#5

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#40

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#41

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#42

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#43

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#44

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#45

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#46

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#47

Group0 (62GB)

NUMANode P#6 (31GB)

Socket P#6

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#48

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#49

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#50

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#51

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#52

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#53

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#54

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#55

PCI 15b3:1003

ib0

mlx4_0

NUMANode P#7 (31GB)

Socket P#7

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#56

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#57

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#58

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#59

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#60

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#61

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#62

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#63

Group0 (62GB)

NUMANode P#8 (31GB)

Socket P#8

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#64

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#65

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#66

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#67

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#68

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#69

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#70

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#71

PCI 1000:0072

NUMANode P#9 (31GB)

Socket P#9

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#72

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#73

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#74

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#75

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#76

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#77

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#78

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#79

Group0 (62GB)

NUMANode P#10 (31GB)

Socket P#10

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#80

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#81

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#82

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#83

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#84

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#85

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#86

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#87

NUMANode P#11 (31GB)

Socket P#11

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#88

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#89

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#90

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#91

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#92

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#93

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#94

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#95

Group0 (62GB)

NUMANode P#12 (31GB)

Socket P#12

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#96

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#97

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#98

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#99

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#100

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#101

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#102

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#103

NUMANode P#13 (31GB)

Socket P#13

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#104

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#105

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#106

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#107

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#108

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#109

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#110

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#111

Group0 (62GB)

NUMANode P#14 (31GB)

Socket P#14

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#112

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#113

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#114

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#115

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#116

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#117

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#118

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#119

NUMANode P#15 (31GB)

Socket P#15

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#120

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#121

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#122

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#123

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#124

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#125

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#126

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#127

Group0 (62GB)

NUMANode P#16 (31GB)

Socket P#16

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#128

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#129

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#130

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#131

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#132

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#133

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#134

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#135

NUMANode P#17 (31GB)

Socket P#17

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#136

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#137

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#138

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#139

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#140

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#141

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#142

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#143

Group0 (62GB)

NUMANode P#18 (31GB)

Socket P#18

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#144

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#145

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#146

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#147

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#148

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#149

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#150

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#151

NUMANode P#19 (31GB)

Socket P#19

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#152

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#153

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#154

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#155

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#156

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#157

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#158

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#159

Group0 (62GB)

NUMANode P#20 (31GB)

Socket P#20

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#160

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#161

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#162

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#163

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#164

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#165

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#166

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#167

NUMANode P#21 (31GB)

Socket P#21

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#168

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#169

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#170

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#171

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#172

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#173

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#174

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#175

Group0 (62GB)

NUMANode P#22 (31GB)

Socket P#22

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#176

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#177

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#178

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#179

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#180

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#181

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#182

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#183

NUMANode P#23 (31GB)

Socket P#23

L3 (20MB)

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#0

PU P#184

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#1

PU P#185

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#2

PU P#186

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#3

PU P#187

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#4

PU P#188

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#5

PU P#189

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#6

PU P#190

L2 (256KB)

L1d (32KB)

L1i (32KB)

Core P#7

PU P#191

Host: uv2000

Indexes: physical

Date: mer. 11 janv. 2017 15:39:10 CET



libKOMP: controlling the affinity task/data
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NUMA architecture 
◆ data are mapped onto NUMA node 
◆ tasks are performed by core 

Proposed OpenMP compiler and runtime extension 
◆ Let the user to indicate that task has better performance if executed near a data 

◆ May be strict or not 
◆ ARB discussion  

- affinity with respect to node (NUMA node) or core 
- supported by our implementation 

Data initialization thank to first touch OS policy 
◆ + existing OpenMP guarantee to schedule threads with spatial locality !

#pragma omp task depend(inout:dA[0:A.mb*A.mb]) affinity( data: dA ) 
LAPACKE_dpotrf_work(LAPACK_COL_MAJOR, lapack_const(PlasmaUpper), tempkm, dA, ldak); 



Affinity kind

47

data: <ref> 
◆ ref is memory location, try to schedule the task on a core close to the memory location 

core: i   
◆ try to schedule the task on the i-th core of the team 

node: i   
◆ try to schedule the task on the i-th node of the team



Implementation
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Interface is implemented: 
◆ As a compiler clause: into CLANG  

- download: https://gitlab.inria.fr/openmp/clang 
- use classical llvm + clang installation procedure 

◆ As a runtime OpenMP function (accessible through C, C++ with icc or gcc, or Fortran)  
- omp_task_set_affinity( int kind, uintptr_t tag, int strict ) 

Algorithm 
◆ work stealing + heuristic 
◆ described in [Europar2016] 

- 2 queues per resource: one private for the local core; one public 
- push task to the resource define by the clause 
- steal task 1/ on local queues 2/ on remote public queues 
- strictness push task to private queue

#pragma omp task depend(inout:dA[0:tempnn*tempmm]) affinity( node: ++cnt, strict ) 
CORE_dplgsy( bump, tempmm, tempnn, dA, ldam, A.m, m*A.mb, n*A.nb, seed );

omp_set_task_affinity( omp_affinity_node, ++cnt, 1 ); 
#pragma omp task depend(inout:dA[0:tempnn*tempmm]) 
CORE_dplgsy( bump, tempmm, tempnn, dA, ldam, A.m, m*A.mb, n*A.nb, seed );



Example: yet the Kastors/Cholesky
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Main: 

plasma_pdpotrf_quark: 
… 
void plasma_pdplgsy_quark( double bump, PLASMA_desc A, unsigned long long int seed) 
{ 
    int m, n; 
    int ldam; 
    int tempmm, tempnn; 

    for (m = 0; m < A.mt; m++) { 
        tempmm = m == A.mt-1 ? A.m-m*A.mb : A.mb; 
        ldam = BLKLDD(A, m); 

        for (n = 0; n < A.nt; n++) { 
            tempnn = n == A.nt-1 ? A.n-n*A.nb : A.nb; 
            double *dA = A(m, n); 
#pragma omp task depend(out:dA[0:tempnn*tempmm]) affinity( node: m*A.nt+n, 1 ) 
            CORE_dplgsy( bump, tempmm, tempnn, dA, ldam, A.m, m*A.mb, n*A.nb, seed ); 
        } 
    } 
} 
…

… 
#pragma omp parallel 
#pragma omp master 
    plasma_pdpotrf_quark(uplo, *descA); 
…
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Affinity heuristic in the Intel Runtime 
◆ scheduling is effective 
◆ Intel Runtime overhead in fine grain  

task creation yet present 

◆ better if tasks are coarser
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Tracing tool
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libKOMP Tracing Tools
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Comes from Kaapi tracing and monitoring tools 

◆ graph  
◆ gantt 
◆ statistics about execution

dpotrf
task=0x7ffff4a00040
sp=0x7ffff4800078

wc=0, T:0
prio:1, size=1

0x7fffc7fff000 v1

0x7fffc7fff000 v0

trsm
task=0x7ffff4a000c0
sp=0x7ffff48002e0

wc=1, T:0
prio:0, size=2

trsm
task=0x7ffff4a00080
sp=0x7ffff4800158

wc=1, T:0
prio:1, size=2

trsm
task=0x7ffff4a001c0
sp=0x7ffff4800900

wc=1, T:0
prio:0, size=2

trsm
task=0x7ffff4a00180
sp=0x7ffff4800778

wc=1, T:0
prio:0, size=2

trsm
task=0x7ffff4a00140
sp=0x7ffff48005f0

wc=1, T:0
prio:0, size=2

trsm
task=0x7ffff4a00100
sp=0x7ffff4800468

wc=1, T:0
prio:0, size=2

trsm
task=0x7ffff4a00200
sp=0x7ffff4800a88

wc=1, T:0
prio:0, size=2

0x7fffc9fff000 v1

0x7fffc9fff000 v0

dgemm
task=0x7ffff4a002c0
sp=0x7ffff4800f20

wc=2, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a00280
sp=0x7ffff4800d98

wc=1, T:0
prio:0, size=2

dgemm
task=0x7ffff4a00380
sp=0x7ffff4801448

wc=2, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00800
sp=0x7ffff48033c8

wc=2, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00440
sp=0x7ffff4801970

wc=2, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00540
sp=0x7ffff4802068

wc=2, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00680
sp=0x7ffff4802930

wc=2, T:0
prio:0, size=3

0x7fffc8fff000 v1

0x7fffc8fff000 v0

dsyrk
task=0x7ffff4a00240
sp=0x7ffff4800c10

wc=1, T:0
prio:1, size=2

dgemm
task=0x7ffff4a00340
sp=0x7ffff4801278

wc=2, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00400
sp=0x7ffff48017a0

wc=2, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00500
sp=0x7ffff4801e98

wc=2, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00640
sp=0x7ffff4802760

wc=2, T:0
prio:0, size=3

dgemm
task=0x7ffff4a007c0
sp=0x7ffff48031f8

wc=2, T:0
prio:0, size=3

0x7fffcdfff000 v1

0x7fffcdfff000 v0

dgemm
task=0x7ffff4a00900
sp=0x7ffff4803b08

wc=2, T:0
prio:0, size=3

dgemm
task=0x7ffff4a006c0
sp=0x7ffff4802b00

wc=2, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a00600
sp=0x7ffff48025d8

wc=1, T:0
prio:0, size=2

dgemm
task=0x7ffff4a00740
sp=0x7ffff4802ea0

wc=2, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00700
sp=0x7ffff4802cd0

wc=2, T:0
prio:0, size=3

0x7fffccfff000 v1

0x7fffccfff000 v0

dgemm
task=0x7ffff4a008c0
sp=0x7ffff4803938

wc=2, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a004c0
sp=0x7ffff4801d10

wc=1, T:0
prio:0, size=2

dgemm
task=0x7ffff4a005c0
sp=0x7ffff4802408

wc=2, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00580
sp=0x7ffff4802238

wc=2, T:0
prio:0, size=3

0x7fffcbfff000 v1

0x7fffcbfff000 v0

dsyrk
task=0x7ffff4a003c0
sp=0x7ffff4801618

wc=1, T:0
prio:0, size=2

dgemm
task=0x7ffff4a00880
sp=0x7ffff4803768

wc=2, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00480
sp=0x7ffff4801b40

wc=2, T:0
prio:0, size=3

0x7fffcafff000 v1

0x7fffcafff000 v0

dsyrk
task=0x7ffff4a00300
sp=0x7ffff48010f0

wc=1, T:0
prio:0, size=2

dgemm
task=0x7ffff4a00840
sp=0x7ffff4803598

wc=2, T:0
prio:0, size=3

0x7fffca1ff000 v1

0x7fffca1ff000 v0

0x7fffca1ff000 v2

0x7fffca3ff000 v1

0x7fffca3ff000 v0

0x7fffca3ff000 v2

0x7fffc91ff000 v1

0x7fffc91ff000 v0

0x7fffc91ff000 v2

0x7fffcefff000 v1

0x7fffcefff000 v0

dsyrk
task=0x7ffff4a00780
sp=0x7ffff4803070

wc=1, T:0
prio:0, size=2

0x7fffcc7ff000 v1

0x7fffcc7ff000 v0

0x7fffcc7ff000 v2

0x7fffcb3ff000 v1

0x7fffcb3ff000 v0

0x7fffcb3ff000 v2

0x7fffcb1ff000 v1

0x7fffcb1ff000 v0

0x7fffcb1ff000 v2

0x7fffcb5ff000 v1

0x7fffcb5ff000 v0

0x7fffcb5ff000 v2

0x7fffcf9ff000 v1

0x7fffcf9ff000 v0

0x7fffcf9ff000 v2

0x7fffcf7ff000 v1

0x7fffcf7ff000 v0

0x7fffcf7ff000 v2

0x7fffcf5ff000 v1

0x7fffcf5ff000 v0

0x7fffcf5ff000 v2

0x7fffcf3ff000 v1

0x7fffcf3ff000 v0

0x7fffcf3ff000 v2

dpotrf
task=0x7ffff4a00940
sp=0x7ffff4803cd8

wc=1, T:0
prio:1, size=1

trsm
task=0x7ffff4a009c0
sp=0x7ffff4803f40

wc=2, T:0
prio:0, size=2

trsm
task=0x7ffff4a00980
sp=0x7ffff4803db8

wc=2, T:0
prio:1, size=2

trsm
task=0x7ffff4a00ac0
sp=0x7ffff4804560

wc=2, T:0
prio:0, size=2

trsm
task=0x7ffff4a00a80
sp=0x7ffff48043d8

wc=2, T:0
prio:0, size=2

trsm
task=0x7ffff4a00a40
sp=0x7ffff4804250

wc=2, T:0
prio:0, size=2

trsm
task=0x7ffff4a00a00
sp=0x7ffff48040c8

wc=2, T:0
prio:0, size=2

0x7fffcfbff000 v1

0x7fffcfbff000 v0

0x7fffcfbff000 v2

0x7fffcd9ff000 v1

0x7fffcd9ff000 v0

0x7fffcd9ff000 v2

0x7fffcc5ff000 v1

0x7fffcc5ff000 v0

0x7fffcc5ff000 v2

0x7fffcc3ff000 v1

0x7fffcc3ff000 v0

0x7fffcc3ff000 v2

0x7fffcc1ff000 v1

0x7fffcc1ff000 v0

0x7fffcc1ff000 v2

0x7fffcd7ff000 v1

0x7fffcd7ff000 v0

0x7fffcd7ff000 v2

0x7fffcd5ff000 v1

0x7fffcd5ff000 v0

0x7fffcd5ff000 v2

0x7fffcd3ff000 v1

0x7fffcd3ff000 v0

0x7fffcd3ff000 v2

0x7fffcd1ff000 v1

0x7fffcd1ff000 v0

0x7fffcd1ff000 v2

0x7fffce5ff000 v1

0x7fffce5ff000 v0

0x7fffce5ff000 v2

0x7fffce3ff000 v1

0x7fffce3ff000 v0

0x7fffce3ff000 v2

0x7fffce1ff000 v1

0x7fffce1ff000 v0

0x7fffce1ff000 v2

0x7fffcebff000 v1

0x7fffcebff000 v0

0x7fffcebff000 v2

0x7fffcf1ff000 v1

0x7fffcf1ff000 v0

0x7fffcf1ff000 v2

0x7fffcfdff000 v1

0x7fffcfdff000 v0

0x7fffcfdff000 v2

0x7fffce9ff000 v1

0x7fffce9ff000 v0

0x7fffce9ff000 v2

0x7fffce7ff000 v1

0x7fffce7ff000 v0

0x7fffce7ff000 v2

dgemm
task=0x7ffff4a00b80
sp=0x7ffff48049f8

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a00b40
sp=0x7ffff4804870

wc=2, T:0
prio:0, size=2

dgemm
task=0x7ffff4a00c40
sp=0x7ffff4804f20

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00d00
sp=0x7ffff4805448

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00e00
sp=0x7ffff4805b40

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00f40
sp=0x7ffff4806408

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a00b00
sp=0x7ffff48046e8

wc=2, T:0
prio:1, size=2

dgemm
task=0x7ffff4a00cc0
sp=0x7ffff4805278

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00c00
sp=0x7ffff4804d50

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00dc0
sp=0x7ffff4805970

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00f00
sp=0x7ffff4806238

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a01000
sp=0x7ffff4806978

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a00ec0
sp=0x7ffff48060b0

wc=2, T:0
prio:0, size=2

dgemm
task=0x7ffff4a00fc0
sp=0x7ffff48067a8

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00f80
sp=0x7ffff48065d8

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a00d80
sp=0x7ffff48057e8

wc=2, T:0
prio:0, size=2

dgemm
task=0x7ffff4a00e80
sp=0x7ffff4805ee0

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a00e40
sp=0x7ffff4805d10

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a00c80
sp=0x7ffff48050f0

wc=2, T:0
prio:0, size=2

dgemm
task=0x7ffff4a00d40
sp=0x7ffff4805618

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a00bc0
sp=0x7ffff4804bc8

wc=2, T:0
prio:0, size=2

0x7fffcc7ff000 v3

0x7fffcb3ff000 v3

0x7fffcb5ff000 v3

0x7fffca3ff000 v3

dpotrf
task=0x7ffff4a01040
sp=0x7ffff4806b48

wc=1, T:0
prio:1, size=1

trsm
task=0x7ffff4a010c0
sp=0x7ffff4806db0

wc=2, T:0
prio:0, size=2

trsm
task=0x7ffff4a01080
sp=0x7ffff4806c28

wc=2, T:0
prio:1, size=2

trsm
task=0x7ffff4a01180
sp=0x7ffff4807248

wc=2, T:0
prio:0, size=2

trsm
task=0x7ffff4a01140
sp=0x7ffff48070c0

wc=2, T:0
prio:0, size=2

trsm
task=0x7ffff4a01100
sp=0x7ffff4806f38

wc=2, T:0
prio:0, size=2

0x7fffcfbff000 v3

0x7fffcd3ff000 v3

0x7fffcd9ff000 v3 0x7fffcc5ff000 v3

0x7fffcc3ff000 v30x7fffce3ff000 v3

0x7fffcebff000 v3 0x7fffcd7ff000 v30x7fffcd5ff000 v3 0x7fffcfdff000 v30x7fffce9ff000 v3 0x7fffce7ff000 v30x7fffce5ff000 v3 0x7fffcf9ff000 v3 0x7fffcf7ff000 v30x7fffcf5ff000 v3

0x7fffcf3ff000 v3

dgemm
task=0x7ffff4a01240
sp=0x7ffff48076e0

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a01200
sp=0x7ffff4807558

wc=2, T:0
prio:0, size=2

dgemm
task=0x7ffff4a013c0
sp=0x7ffff4808130

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a01300
sp=0x7ffff4807c08

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a014c0
sp=0x7ffff4808828

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a011c0
sp=0x7ffff48073d0

wc=2, T:0
prio:1, size=2

dgemm
task=0x7ffff4a012c0
sp=0x7ffff4807a38

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a01380
sp=0x7ffff4807f60

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a01480
sp=0x7ffff4808658

wc=3, T:0
prio:0, size=3

0x7fffcb5ff000 v4

dsyrk
task=0x7ffff4a01440
sp=0x7ffff48084d0

wc=2, T:0
prio:0, size=2

dgemm
task=0x7ffff4a01540
sp=0x7ffff4808bc8

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a01500
sp=0x7ffff48089f8

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a01340
sp=0x7ffff4807dd8

wc=2, T:0
prio:0, size=2

dgemm
task=0x7ffff4a01400
sp=0x7ffff4808300

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a01280
sp=0x7ffff48078b0

wc=2, T:0
prio:0, size=2

0x7fffcd5ff000 v4

0x7fffcd9ff000 v4

0x7fffcc5ff000 v4

0x7fffcc7ff000 v40x7fffce7ff000 v4

0x7fffce5ff000 v4

0x7fffcebff000 v4 0x7fffcd7ff000 v4 0x7fffcf7ff000 v4

0x7fffcf5ff000 v4

0x7fffcfdff000 v40x7fffce9ff000 v4

dpotrf
task=0x7ffff4a01580
sp=0x7ffff4808d98

wc=1, T:0
prio:1, size=1

trsm
task=0x7ffff4a01680
sp=0x7ffff4809310

wc=2, T:0
prio:0, size=2

trsm
task=0x7ffff4a01640
sp=0x7ffff4809188

wc=2, T:0
prio:0, size=2

trsm
task=0x7ffff4a01600
sp=0x7ffff4809000

wc=2, T:0
prio:0, size=2

trsm
task=0x7ffff4a015c0
sp=0x7ffff4808e78

wc=2, T:0
prio:1, size=2

0x7fffcfbff000 v4 0x7fffcf9ff000 v4

dgemm
task=0x7ffff4a018c0
sp=0x7ffff480a1f8

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a01840
sp=0x7ffff4809ea0

wc=2, T:0
prio:0, size=2

dgemm
task=0x7ffff4a01900
sp=0x7ffff480a3c8

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a01880
sp=0x7ffff480a028

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a01780
sp=0x7ffff4809978

wc=2, T:0
prio:0, size=2

dgemm
task=0x7ffff4a01800
sp=0x7ffff4809cd0

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a017c0
sp=0x7ffff4809b00

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a01700
sp=0x7ffff4809620

wc=2, T:0
prio:0, size=2

dgemm
task=0x7ffff4a01740
sp=0x7ffff48097a8

wc=3, T:0
prio:0, size=3

0x7fffcebff000 v5 0x7fffcd9ff000 v5 0x7fffcf9ff000 v5 0x7fffcfdff000 v50x7fffce9ff000 v5 0x7fffcfbff000 v5

dsyrk
task=0x7ffff4a016c0
sp=0x7ffff4809498

wc=2, T:0
prio:1, size=2

0x7fffcc7ff000 v5

0x7fffce7ff000 v5 0x7fffcd7ff000 v5 0x7fffcf7ff000 v5

dpotrf
task=0x7ffff4a01940
sp=0x7ffff480a598

wc=1, T:0
prio:1, size=1

trsm
task=0x7ffff4a01a00
sp=0x7ffff480a988

wc=2, T:0
prio:0, size=2

trsm
task=0x7ffff4a019c0
sp=0x7ffff480a800

wc=2, T:0
prio:0, size=2

trsm
task=0x7ffff4a01980
sp=0x7ffff480a678

wc=2, T:0
prio:1, size=2

dsyrk
task=0x7ffff4a01b00

sp=0x7ffff480aff0
wc=2, T:0

prio:0, size=2

dgemm
task=0x7ffff4a01b80
sp=0x7ffff480b348

wc=3, T:0
prio:0, size=3

dgemm
task=0x7ffff4a01b40
sp=0x7ffff480b178

wc=3, T:0
prio:0, size=3

0x7fffcfdff000 v6

dgemm
task=0x7ffff4a01ac0
sp=0x7ffff480ae20

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a01a80
sp=0x7ffff480ac98

wc=2, T:0
prio:0, size=2

dsyrk
task=0x7ffff4a01a40
sp=0x7ffff480ab10

wc=2, T:0
prio:1, size=2

0x7fffce9ff000 v6

0x7fffcebff000 v6

0x7fffcd9ff000 v6

dpotrf
task=0x7ffff4a01bc0
sp=0x7ffff480b518

wc=1, T:0
prio:1, size=1

trsm
task=0x7ffff4a01c40
sp=0x7ffff480b780

wc=2, T:0
prio:0, size=2

trsm
task=0x7ffff4a01c00
sp=0x7ffff480b5f8

wc=2, T:0
prio:1, size=2

0x7fffcfbff000 v6

0x7fffcf9ff000 v6

dgemm
task=0x7ffff4a01d00
sp=0x7ffff480bc18

wc=3, T:0
prio:0, size=3

dsyrk
task=0x7ffff4a01cc0
sp=0x7ffff480ba90

wc=2, T:0
prio:0, size=2

dsyrk
task=0x7ffff4a01c80
sp=0x7ffff480b908

wc=2, T:0
prio:1, size=2

0x7fffcfbff000 v7

0x7fffcfdff000 v7

0x7fffcebff000 v7

dpotrf
task=0x7ffff4a01d40
sp=0x7ffff480bde8

wc=1, T:0
prio:1, size=1

trsm
task=0x7ffff4a01d80
sp=0x7ffff480bec8

wc=2, T:0
prio:1, size=2

dsyrk
task=0x7ffff4a01dc0
sp=0x7ffff480c050

wc=2, T:0
prio:1, size=2

0x7fffcfdff000 v8

dpotrf
task=0x7ffff4a01e00
sp=0x7ffff480c1d8

wc=1, T:0
prio:1, size=1

gemm potrf

syrk trsm
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5e−06
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Number of threads: 
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Based on OMPT 
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Intel libOMP 
◆ has already an implementation of OMPT for external tool 

- see www.openmp.org for specification 
- hpctoolkit has experimental support for OMPT 

◆ we port Kaapi tracing and monitoring tools as specific OMPT tool 
- environment variable control  

what events are recorded and what performance counters are captured 

- software and hardware performance counters [PAPI] 
per task performance counters 

- proprietary binary event record files + tools to convert it 
graph 

gantt 

extraction of task performance counters 

◆ Getting started page on http://gitlab.inria.fr/openmp/libkomp 



- 

Conclusion
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Conclusions
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Performance portability among OpenMP solutions is not guaranteed ! 
◆ lot of mistake in the design of runtime 

- evident bottleneck when cores increases [GCC] 
- work-stealing in [ICC/CLANG] but with performances far away from the Cilk reference 

◆ NUMA is not (yet) in the OpenMP standard 
- OMP_PLACES is a way to define affinity between threads and hardware cores 
- no « NUMA » compliant allocation => use first touch policy to allocate data on the right place 

But solutions exist 
◆ it is possible to have good performance by changing the runtime 

- KAAPI experiences since 2012 through our research OpenMP runtime libKOMP 
- under redesigned for better robustness and integration with compiler 

work with CORSE Inria Team 

- with a full and robust Fortran support ! 
◆ it is easy to add application extensions through direct call to the runtime  

- e.g. affinity, taskname 

If you have any limitations with OpenMP, we are very interested in studying your 
problem in order to propose solution



Merci
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Backup slides
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Overhead of task management [AMD48]
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Fibonacci (35) naive recursive computationlong fib(long n)
{
  if (n < 2)
  return (n);

  else {
  long x, y;
  x = cilk_spawn fib(n - 1);
  y = fib(n - 2);
  cilk_sync;
  return (x + y);

  }
}

Cilk+

void fibonacci(long* result, const long n)
{
  if (n<2)
    *result = n;
  else 
  {
    long r1,r2;
#pragma omp task
    fibonacci( &r1, n-1 );
    fibonacci( &r2, n-2 );
#pragma omp taskwait
    *result = r1 + r2;
  }
}

OpenMP
struct FibContinuation: public tbb::task {
    long* const sum;
    long x, y;
    FibContinuation( long* sum_ ) : sum(sum_) {}
    tbb::task* execute() {
        *sum = x+y;
        return NULL;
    }
};

struct FibTask: public tbb::task {
    long n;
    long * sum;
    FibTask( const long n_, long * const sum_ ) :
        n(n_), sum(sum_)
    {}
    tbb::task* execute() {
        if( n<2){
            *sum = n;
            return NULL;
        } else {
            FibContinuation& c = 
                *new( allocate_continuation() ) FibContinuation(sum);
            FibTask& b = *new( c.allocate_child() ) FibTask(n-1,&c.y);
            recycle_as_child_of(c);
            n -= 2;
            sum = &c.x;
            // Set ref_count to "two children".
            c.set_ref_count(2);
            c.spawn( b );
            return this;
        }
    }
};

TBB

void fibonacci(long* result, const long n)
{
  if (n<2)
    *result = n;
  else 
  {
    long r1,r2;
#pragma kaapi task write(&r1)
    fibonacci( &r1, n-1 );
    fibonacci( &r2, n-2 );
#pragma kaapi sync
    *result = r1 + r2;
  }
}

Kaapi



#Cores Cilk+         
(s)

TBB 4.0             
(s)

XKaapi         
(s)

OpenMP           
(s)

1 1.063 2.356 0.728 2.43
8 0.127 0.293 0.094 51.06
16 0.065 0.146 0.047 104.14
32 0.035 0.072 0.024 NO TIME

48 0.028 0.049 0.017 NO TIME

Overhead of task management [AMD48]

Serial Cilk+ TBB (4.0) OpenMP XKaapi

0.0905s 
(x 1)

1.063 
(x 11.7)

2.356s 
(x 26)

2.429s 
(x 27)

0.728s 
(x 8)

59

Fibonacci (35) naive recursive computation



Tasks implementation: e.g. TRSM
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From BLOCK parallel version in PLASMA library [UTK]
template<typename T> 
struct TaskBodyGPU<TaskTRSM<T> > 
{ 
  void operator() ( 
   ka::gpuStream   stream, 
   CBLAS_ORDER order, CBLAS_SIDE side, CBLAS_UPLO uplo, CBLAS_TRANSPOSE transA, CBLAS_DIAG diag, 
   T alpha, ka::range2d_r <T> A, ka::range2d_rw<T> C 
  ) { 
    const T* const a = A->ptr(); 
    const int lda = A->lda(); 
     
    T* const c = C->ptr(); 
    const int ldc = C->lda(); 
     
    const int n = C->dim(1); 
    const int k = (transA == CblasNoTrans ? A->dim(1) : A->dim(0) ); 
     
   const cublasStatus_t status = CUBLAS<T>::trsm( 
     kaapi_cuda_cublas_handle(), convertToSideMode(side),  
     convertToFillMode(uplo), convertToOp(transA), convertToDiagType(diag), 
     n, k, 
     &alpha, a, lda, 
     c, ldc 
   ); 
     
   if (status != CUBLAS_STATUS_SUCCESS) 
      printf("%s::cublasTrsm() == %d\n", __FUNCTION__, status); 
  } 
}; 



Impact: Grain size
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Running OpenMP BOTS with libKOMP
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Barcelona OpenMP Task Suite 
◆ A set of representative benchmarks to evalute OpenMP tasks implementations

kernel libGOMP libKOMP Intel

Alignment 38.8 40.0 37.0

FFT 0.5 12.2 12.0

Floorplan 27.6 32.7 29.2

NQueens 43.7 47.8 39.0

MultiSort 0.6 13.2 11.3

SparseLU 44.1 44.4 35.0

Strassen 20.8 22.4 20.5

UTS 0.9 25.3 15.0

• Evaluation platforms 
‣ AMD48: 4x12 AMD Opteron (6174) cores 

•Softwares 
‣ gcc 4.6.2 + libGOMP 
‣ gcc 4.6.2 + libKOMP 
‣ icc 12.1.2 + Intel OpenMP runtime (KMP)
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Main applications using XKaapi
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Dense linear algebra 
◆ numerical -academic benchmarks- 
◆ non-numerical (Finite Field) 

- J.-G. Dumas, C. Pernet, Z. Sultan 

Parallel support VTK algorithms http://www.vtk.org 
◆ Kaapi is one of the supported runtime in the VTK distribution 

XKaapi is the runtime for multicore EPX http://www-epx.cea.fr 
◆ V. Faucher [CEA] 

All of them are using OpenMP-4.0 or are in the process of using it 

Code size (http://kaapi.gforge.inria.fr), v3.1 
- runtime 30k C lines, OpenMP support 8k C lines (wc -l) 
- 180kB (libkaapi.so), 64kB (libkomp.so) = 244kB 
- [libGOMP: 670kB; libOMPSS: 664kB; libStarPU -K’STAR dist- 5MB]



EPX (EUROPLEXUS) code [CEA - IRC - EDF - ONERA], V. Faucher 
◆ Fluid-Structure systems subjected to fast transient dynamic loading 

« Grand prix SFEN 2013 » 
◆ http://energies.sfen.org/emploi/le-grand-prix-sfen

EPX

65



Other comparizon libGOMP / Kaapi - libKOMP
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Algorithm 1 Iterative TRSM

Split
⇥
X1 . . . Xk

⇤
=

L�1
⇥
B1 . . . Bk

⇤

for i = 1 . . . k do

Xi  L�1Bi

Algorithm 2 Recursive TRSM

Split


X1

X2

�
=


L1

L2 L3

��1 
B1

B2

�

X1  L�1
1 B1

X2  B2 � L2X1

X2  L�1
3 BX2

Hybrid variant. Lastly, we propose to combine the two above variants into a
hybrid algorithm. The motivation is to handle the case when the column dimen-
sion of B is rather small: the cutting of Algorithm 1 produces slices that may
become very thin, and reduce the e�ciency of each of the sequential TRSM. In-
stead, the hybrid variant applies the iterative algorithm with the restriction that
the column dimension of the slices Xi and Bi remains above a given threshold.
Consequently, this splitting may create fewer tasks than the number of available
threads. Each of them then runs the parallel recursive variant using an equal
part of the unused remaining threads. More precisely, the parameters are set so
that the number of threads given to the recursive variant, and henceforth to the
matrix multiplications, is always a power of 2, in order to better benefit from
the adaptive recursive splitting.

Let T be the threshold, p the number of threads provided and n, the column
dimension of B. Let ` = min{` 2 Z�0 : p

2`T < n}. Then each recursive TRSM
task is allocated 2` threads and the iterative TRSM splits X and B in k = p/2`
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n: column dimension of B

pftrsm on 32 cores Xeon E4620 2.2Ghz: solving LX=B where B is 10000 x n

Hybrid threshold = 256 using libkomp
Hybrid threshold = 256 using libgomp

Iterative using libkomp
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Figure 8: Comparing the Iterative and the Hybrid variants for parallel ftrsm using libkomp

and libgomp. Only the outer dimension varies: B and X are 10000⇥ n.

15

Jean-Guillaume Dumas, Thierry Gautier, Clément Pernet, Jean-Louis Roch, and Ziad Sultan. Recursion based parallelization 
of exact dense linear algebra routines for Gaussian elimination. Parallel Comput. 57, C (September 2016), 235-249.



#include <cblas.h> 
#include <clapack.h>

void Cholesky( int N, double A[N][N], size_t NB )
{
  for (size_t k=0; k < N; k += NB)
  {
#pragma omp task depend(inout: A[k:NB][k:NB]) shared(A)
    clapack_dpotrf( CblasRowMajor, CblasLower, NB, &A[k*N+k], N );

    for (size_t m=k+ NB; m < N; m += NB)
    {
#pragma omp task depend(in: A[k:NB][k:NB]) \
                 depend(inout: A[m:NB][k:NB]) shared(A)
      cblas_dtrsm ( CblasRowMajor, CblasLeft, CblasLower, CblasNoTrans, CblasUnit,
        NB, NB, 1., &A[k*N+k], N, &A[m*N+k], N );
    }

    for (size_t m=k+ NB; m < N; m += NB)
    {
#pragma omp task depend(in: A[m:NB][k:NB]) \
                 depend(inout: A[m:NB][m:NB]) shared(A)
     cblas_dsyrk ( CblasRowMajor, CblasLower, CblasNoTrans,
        NB, NB, -1.0, &A[m*N+k], N, 1.0, &A[m*N+m], N );

      for (size_t n=k+NB; n < m; n += NB)
      {
#pragma omp task depend(in: A[m:NB][k:NB], A[n:NB][k:NB])\
                 depend(inout: A[m:NB][n:NB]) shared(A) 
        cblas_dgemm ( CblasRowMajor, CblasNoTrans, CblasTrans,
          NB, NB, NB, -1.0, &A[m*N+k], N, &A[n*N+k], N, 1.0, &A[m*N+n], N );
      }
    }
  }
#pragma omp taskwait
}

Multi-CPUs - Multi-GPUs

67

Size of the graph ! 

Two complementary approaches 
◆ fine grain task management: XKaapi task creation ~ 10cyles / task 
◆ compact dag representation for symbolic scheduling (DAGuE [UTK]), lazy task creation
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Work stealing with heuristic
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[Lima et al. IPDPS 13, PARCO 15]  
◆ Cholesky factorization on hybrid architecture 
◆ Up to 8 GPUs and 12 CPUs 

- XKaapi 2.2 

Key points 
◆ Reduction of the critical path 

- multi-CPUs parallelization of the panel factorization 
◆ Overlapping communication by computation 

- task execution splits in three steps:  
data access from ressource, data copy to target, kernel launch 

- 3 CUDA streams (inputs/outputs/kernels) 
◆ DSM management 

- cache strategy: 2 sets maintained (data Read; and data RW or Write) 
- evict first data in R set using LRU 

◆ Work Stealing heuristic 
- GPU : local steal first in its queue, then remote 
- H1: task activation : enqueue task on the resource that holds most of its data 
- H2: task activation : enqueue task on the resource that holds its data write (OCR strategy)



Strategies / Overlapping 
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Multi-GPUs Support
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[IPDPS 2013] work with J. Lima, N. Maillard, B. Raffin 

DPOTRF 
◆ using recursive tasks (on panel factorization) to reduce critical path

8 GPU Fermi - M2050 - 12 cores

 0

 200

 400

 600

 800

 1000

 1200

 1400

 1600

 1800

 4096  8192  12288  16384  20480  24576  28672  32768  36864  40960

G
flo

p/
s

Matrix order

4CPU+8GPU
6CPU+6GPU
8CPU+4GPU

10CPU+2GPU
11CPU+1GPU



Cholesky factorization on Xeon Phi
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[SBAC-PAD 2013] 
N=8192 
Ongoing work to reduce cache usage


