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National Supercomputing Center in Tianjin
China

DOE/SC/Oak Ridge National Laboratory
United States

National Supercomputing Centre in
Shenzhen (NSCS)
China

GSIC Center, Tokyo Institute of Technology
Japan

DOE/SC/LBNL/NERSC
United States

Commissariat a I'Energie Atomique (CEA)
France

DOE/NNSA/LANL
United States

National Institute for Computational
Sciences/University of Tennessee
United States

Forschungszentrum Juelich (FZJ)
Germany

DOE/NNSA/LANL/SNL
United States

UEC

\

TOKYO

Tianhe-1A-NUDT TH MPP, X5670 2.93Ghz 6C|NVIDIA GPU| FT-1000

8C
NUDT

Jaguar - Cray XT5-HE Opteron 6-core 2.6 GHz
Cray Inc.

Nebulae - Dawning TC3600 Blade, Intel X5650,[NVidia Tesla C2050 GPU

Dawning

TSUBAME 2.0 - HP ProLiant SL390s G7 Xeon 6C X5670
Linux/Windows
NEC/HP

Hopper - Cray XE6 12-core 2.1 GHz
Cray Inc.

Tera-100 - Bull bullx super-node S6010/S6030
Bull SA

Nvidia GPU,

Roadrunner - BladeCenter QS22/L.S21 Cluster, PowerXCell 81 3.2 Ghz/

Opteron DC 1.8 GHz, Voltaire Infiniband
IBM

Kraken XTS - Cray XT5-HE Opteron 6-core 2.6 GHz
Cray Inc.

JUGENE - Blue Gene/P Solution
IBM

Cielo - Cray XE6 8-core 2.4 GHz
Cray Inc.

(i 88: TOP 500 November 2010 http://www.top500.org/lists/2010/1 |
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GPUESETI RO

8x Higher Linpack <

8Xx 5x 5.5x

Performance Performance/ $ Performance / watt
Gflops Gflops / $K Gflops / kwatt

652 59

652

80.1

CPU Server GPU-CPU CPU Server GPU-CPU CPU Server GPU-CPU
Server Server Server

CPU 1U Server: 2x Intel Xeon X5550 (Nehalem) 2.66 GHz, 48 GB memory, $7K, 0.67 kw
GPU-CPU 1U Server: 2x Tesla C2050 + 2x Intel Xeon X5550, 48 GB memory, $11K, 1.0 kw

TESLA/FireStream#Z&t#% = 5058~

C20x0 = 30 A

QuadrofE = sT&EH = 105~
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Intel(R) Xeon(R) CPUW3520 2.7GHz
6GiB

CentOS 5.3 (Linux x86_64 2.6.18-128)
Intel(R) PRO/1000 NIC

NVIDIA Tesla C1060
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1: for(i = 0; i < NN; i++){
2: cCcl[i] = C[i]l;
3: if(i '= 0 ){ CC[i] += C[i-1]1; }
4 : if (i != NN-1){ CC[i] += C[i+1]; }
5: CCl[i] = CCl[i] / 3;
6: }
%
C 0 1 2 3 NN-2NN-1
\ ¢ / ’
.l.
* %
CC| O 1 2 3 NN-2NN-1
%
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cudaMalloc((void **)&CdO, sizeof(float) * (N+2));

cudaMalloc((void **)&Cd1, sizeof(float) * (N+2));
cudaMemcpy(&Cd[1], Ch, sizeof(float) * N, cudaMemcpyHostToDevice);
matmul<<<l, K>>>(Cd@, Cdl, N, N/K);

for(int 1 = 0; 1 < k; 1++){
int 1dx = threadIdx.x + 1 * K + 1;
CC[1dx] = (C[1dx] + C[1idx+1] + C[idx-1])/3;

%

cudaMemcpy(Ch, &Cdi1[1], sizeof(float) * N, cudaMemcpyDeviceToHost);

*K: GRUD XL v R, kiN/K
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OO WN -

cudaMemcpy (&CdO[1], Ch, sizeof(float) * N,
cudaMemcpyHostToDevice) ;

OOk WN

if (rank !'= nCPU-1)
MPI_Send (&Ch[N-1],1,MPI_FLOAT,rank+1,0,MPI_COMM_WORLD) ;
if (rank !'= 0)

MPI_Recv(&v,1,MPI_FLOAT,rank-1,0,MPI_COMM_WORLD, &status) ;

cudaMemcpy (&CdO [0] ,&v,sizeof (float),
cudaMemcpyHostToDevice) ;

O | 4—+=€—| O

=, O W 00 N

: }}

é;;;y 13:

if (rank !'= 0)
MPI_Send(&Ch[0O],1,MPI_FLOAT,rank-1,0,MPI_COMM_WORLD) ;
if (rank != nCPU-1)

MPI_Recv(&w,1,MPI_FLOAT,rank+1,0,MPI_COMM_WORLD, &status) ;

cudaMemcpy (&CdO [N+1], &w, sizeof(float),
cudaMemcpyHostToDevice) ;

: kernel<<<1, K>>>(Cd0, Cdi, N, N/K);

: __global__ void

: kernel(float *C,float *CC,int N,int k) {

for(int i = 0; i < k; i++){
int idx = threadIldx.x + 1 * K + 1;
cCl[idx] = (Cl[idx] + Cl[idx+1] + C[idx-1]1)/3;

cudaMemcpy(Ch, &Cdi1[1], sizeof(float) * N,
cudaMemcpyDeviceToHost) ;
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@@@

1: cudaMemcpy (&Cd0[1], Ch, sizeof(float) * N,
cudaMemcpyHostToDevice) ;

2: kernel<<<1, K>>>(Cd0O, Cd1l, rank, nCPU, N, N/K);

1: __global__ void

2: kernel(float *C,float *CC,int rank,int nCPU,int N,int k){

3: if (rank '= nCPU-1)

4: cuda_mpi_send(&C[N], sizeof(float)*1, rank+1);

5: if (rank '= 0)

6: cuda_mpi_send(&C[1], sizeof(float)*1, rank-1);

T: if (rank !'= 0)

8: cuda_mpi_recv(&C[0], sizeof(float)*1, rank-1);

9: if (rank '= nCPU-1)

10: cuda_mpi_recv(&C[N+1], sizeof(float)*1, rank+1);

11: for(int i = 0; i1 < k; i++){

12: int idx = threadldx.x + 1 * K + 1;

13: CC[idx] = (C[idx] + C[idx+1] + C[idx-1])/3;

14: }}

3: cudaMemcpy (Ch, &Cdi[1], sizeof(float) * N,

cudaMemcpyDeviceToHost) ;
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(l)initialization

(2)GPU kernel start

. (3)waiting for request
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(8)GPU code finigp
|(9)finalization
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Execution body:---f-----rmsrmermsrssn s B

C I~— (4)MPI request
(:status:>

A’3‘6)GPU kernel restartj
= (7)waiting for request

~.----------' - E O E EE O E EE W= I I IR R I R R I I I IR R R e e R R R R N I I IR R R I I I R R R I I I I I IR R R

(5)MPI action

(2) GPURITBR DA

(8)GPU code finigp

(3) RITIRREDRE/EIFHE

(9)finalization
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: __global__ void
: kernel(float *C,float *CC,int rank,int nCPU,int N,int k){
if (rank !'= nCPU-1)

cuda_mpi_send (&C[N], sizeof(float)*1, rank+1);
if (rank '= 0)

cuda_mpi_send(&C[1], sizeof(float)*1, rank-1);
if (rank '= 0)

cuda_mpi_recv(&C[0], sizeof(float)*1, rank-1);
9: if (rank !'= nCPU-1)
10: cuda_mpi_recv(&C[N+1], sizeof(float)x*1, rank+1);
11: for(int i 0; i < k; i++){

00O NO Ok WN -

12: int idx threadldx.x + i * K + 1;
13: CC[idx] (C[idx] + C[idx+1] + C[idx-1]1)/3;
14: }}

T
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: __global__ void
: kernel(float *C,float *CC,int rank,int nCPU,int N,int k){
if (rank !'= nCPU-1)

cuda_mpi_send(&C[N], sizeof(float)*1, rank+1);
if (rank '= 0)

cuda_mpi_send(&C[1], sizeof(float)*1, rank-1);
if (rank '= 0)

cuda_mpi_recv(&C[0], sizeof(float)*1, rank-1);
9: if (rank != nCPU-1)
10: cuda_mpi_recv(&C[N+1], sizeof (float)*1, rank+1);
11: for(int i O; 1 < k; i++){

0O NOOT b WN -

12: int idx threadldx.x + i * K + 1;
13: CC[idx] (C[idx] + C[idx+1] + C[idx-1])/3;
14: }}

EERICIZFCPUDNLIE Z 1T S & Fh
= —EGPUId— R ZiR 79 SI5M
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: __global__ void

: kernel(float *C,float *CC,int rank,int nCPU,int N,int k){
restore();

switch(*_status) {

case O:
if (rank !'= nCPU-1){
cuda_mpi_send(&C[N], sizeof(float)*1, rank+1);
*_status = 1; store(); goto GPU_CODE_END; }
case 1:
if (rank !'= 0){
cuda_mpi_send(&C[1], sizeof(float)*1, rank-1);
*_status = 2; store(); goto GPU_CODE_END; }
case 2:
if (rank != 0){
cuda_mpi_recv(&C[0], sizeof(float)*1, rank-1);
*_status = 3; store(); goto GPU_CODE_END; }
case 3:
if (rank != nCPU-1){
cuda_mpi_recv(&C[N+1], sizeof (float)*1, rank+1);
*_status = 4; sotre(); goto GPU_CODE_END; }
case 4:
for(int i = 0; i < k; i++){
int idx = threadldx.x + i * K + 1;
CClidx] = (Clidx] + C[idx+1] + Clidx-1])/3;
T}

cuda_mpi_finalize();
GPU_CODE_END:
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: __global__ void

: kernel(float *C,float *CC,int rank,int nCPU,int N,int k){
restore();

switch(*_status) {

case O:
if (rank !'= nCPU-1){
cuda_mpi_send(&C[N], sizeof(float)*1, rank+1);
*_status = 1; store(); goto GPU_CODE_END; }
case 1:
if (rank !'= 0){
cuda_mpi_send(&C[1], sizeof(float)*1, rank-1);
*_status = 2; store(); goto GPU_CODE_END; }
case 2:
if (rank !'= 0){
cuda_mpi_recv(&C[0], sizeof(float)*1, rank-1);
*_status = 3; store(); goto GPU_CODE_END; }
case 3:
if (rank != nCPU-1){
cuda_mpi_recv(&C[N+1], sizeof (float)*1, rank+1);
*_status = 4; sotre(); goto GPU_CODE_END; }
case 4:
for(int i = 0; i < k; i++){
int idx = threadldx.x + i * K + 1;
CClidx] = (Clidx] + C[idx+1] + Clidx-1])/3;
1}

cuda_mpi_finalize();
GPU_CODE_END:
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: __global__ void

: kernel(float *C,float *CC,int rank,int nCPU,int N,int k){
restore();

switch(*_status) {

case O:
if (rank !'= nCPU-1){
cuda_mpi_send(&C[N], sizeof(float)*1, rank+1);
*_status = 1; store(); goto GPU_CODE_END; }
case 1:
if (rank !'= 0){
cuda_mpi_send(&C[1], sizeof(float)*1, rank-1);
*_status = 2; store(); goto GPU_CODE_END; }
case 2:
if (rank != 0){
cuda_mpi_recv(&C[0], sizeof(float)*1, rank-1);
*_status = 3; store(); goto GPU_CODE_END; }
case 3:
if (rank != nCPU-1){
cuda_mpi_recv(&C[N+1], sizeof (float)*1, rank+1);
*_status = 4; sotre(); goto GPU_CODE_END; }
case 4:
for(int 1 = 0; i < k; i++){
int idx = threadldx.x + i * K + 1;
CClidx] = (Clidx] + C[idx+1] + Clidx-1])/3;
T}

cuda_mpi_finalize();
GPU_CODE_END:
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1: do{
2: kernel_stub<<<1l, N>>>

(Cd, rank, nCPU, info->info_dev, info->status_dev);
3: cudaMemcpy ((void*)info->info_host,

(voidx*)info->info_dev,
sizeof (gpu_info),
cudaMemcpyDeviceToHost) ;
4 switch(info->info_host->request){
5: case MPI_SEND:
6: cuda_mpi_send((gpu_info*)info->info_host); break;
7: case MPI_RECV:
8: cuda_mpi_recv((gpu_info*)info->info_host); break;
9: case MPI_BARRIER:

10: MPI_Barrier (MPI_COMM_WORLD) ; break;
11: }

12: }while(info->info_host->request != DONE);
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[

}while(info->info_host->request != DONE);

do{

kernel _stub<<<1l, N>>>
(Cd, rank, nCPU, info->info_dev, info->status dev)
cudaMemcpy ((void*)info->info_host,
(voidx*)info->info_dev,
sizeof (gpu_info),
cudaMemcpyDeviceToHosY) ;
switch(info->info_host->request){
case MPI_SEND:
cuda_mpi_send((gpu_info*)info->ino_host); break;
case MPI_RECV:
cuda_mpi_recv((gpu_info*)info->info\ host); break;
case MPI_BARRIER:
MPI_Barrier (MPI_COMM_WORLD); break;

}

\
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CPU Intel(R) Xeon(R) CPUW3520 2.7GHz
i XEY 6GiB

OS  CentOS 5.3 (Linux x86_64 2.6.18-128)
NIC Intel(R) PRO/1000 NIC

GPU NVIDIATesla C1060
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