
27

1

27 ( )

ppOpen-AT OpenACC

ppOpen-AT OpenACC

27 5 9 11 12 GPU

[1, 2, 3, 4]

2

GPU (Graphics Processing Unit)

GPU NVIDIA GeForce

Tesla GPU

CUDA[5] CPU

NVIDIA CUDA

CUDA GPU

CPU OpenMP

MPI GPU

OpenACC[6] GPU

OpenACC OpenMP OpenMP

OpenACC

CUDA GPU GPU

OpenACC OpenACC

GPU OpenMP CPU

(Auto-tuning, AT)

AT ppOpen-AT[7, 8, 9] CPU

ppOpen-AT OpenACC
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OpenACC

ppOpen-AT OpenACC

( ) ppOpen-AT

OpenACC

3 OpenACC

3.1 OpenACC

OpenACC

OpenACC

ppOpen-AT

3.2

OpenMP OpenACC

CPU 1

GPU

OpenMP

OpenACC

OpenMP

(Hyper Threading

SMT ) OpenACC

gang, worker, vector GPU

CUDA

collapse

3.3

CPU(OpenMP) GPU(OpenACC)
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OpenMP CPU

GPU

( )

CPU

Structure of Arrays (SoA) / Array of Structures

(AoS) CPU GPU

OpenACC

3.4

CPU GPU CPU

GPU

CPU GPU GPU CPU

GPU CPU

4 ppOpen-AT OpenACC AT

4.1 ppOpen-AT OpenACC

ppOpen-AT JST-CREST

ppOpen-HPC 1

ppOpen-AT OpenMP OpenACC

to C

Fortran 3 AT

OS AT OS

ppOpen-AT AT

( )

ppOpen-AT OpenACC

ppOpen-AT OpenACC

ppOpen-AT OpenACC
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1
2

OpenACC

ppOpen-AT

4.2 ppOpen-AT OpenACC

ppOpen-AT OpenACC

OpenACC

ppOpen-AT OpenACC

( 1)

OpenACC

( 2) OpenACC

GPU

OpenACC

(Fusion) (Collapse) (Split)

OpenACC

3 2 1

OpenACC

OpenACC

スーパーコンピューティングニュース� Vol.�18,�No.�4　2016- 30 -



3

4

collapse /

1

OpenACC

CPU GPU

CPU GPU

ppOpen-AT OpenACC

5 ppOpen-AT

ppOpen-AT OpenACC

ppOpen-AT OpenACC

ppOpen-AT

5.1

OpenACC

gang, worker, vector

collapse

ppOpen-AT AT

ppOpen-AT
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5
6

ppOpen-AT

ppOpen-AT

/

ppOpen-AT

(C const Fortran parameter) PGI

5

OpenACC OpenMP

OpenMP collapse

static, dynamic, guided

5.2

6

GWV-list loop

Gang/Worker/Vector GWV-target loop

Gang/Worker/Vector

0 1

( )

/
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7

8 GPU Gang/Vector

1

bone010 986,703 71,666,325

Hook 1498 1,498,023 60,917,445

Geo 1438 1,437,960 63,156,690

Serena 1,391,349 64,531,701

audikw 1 943,695 77,651,847

Flan 1565 1,564,794 117,406,044

2

Tesla M2050 Tesla K40 FirePro S9000

bone010 64 / 32 def. / 32 28 / 160

Hook 1498 def. / 32 def. / 32 28 / 224

Geo 1438 64 / 32 def. / 32 28 / 160

Serena 64 / 32 def. / 32 28 / 192

audikw 1 64 / 32 def. / 32 28 / 192

Flan 1565 64 / 32 15 / 32 28 / 160

5.3

CRS (Florida Sparse Matrix Collection[10] )

[4] 7 8

GPU Gang/Vector Worker

1

2 GPU

6

27 (

)

OpenACC

GPU

OpenACC ppOpen-AT Web [11]

AT AT / /
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