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Open Accelerator (OpenACC)
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1751-1751%& (gemm) Tl ? (OpenMP D 1)

#pragma omp parallel for private(j,k)
for(i=0;i<n;i<i++){
for(j=0;j<n;j++){
for(k=0;k<n;k++){
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#pragma acc kernels present(a,b,c)
#pragma acc loop independent
for(i=0;i<n;i<i++){

#pragma acc loop independent

for(j=0;j<n;j++){

#pragma acc loop independent
for(k=0;k<n;k++){
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#pragma acc kernels present(a,b,c)
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#pragma acc loop independent
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#pragma acc loop independent
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R7

#define MAX_ITER 10000

int main(int argc, char *argv(])

{

int nx, ny;

float omega = 0.5;

float **array; /* for double buffer */
struct timeval st;

struct timeval et;

long us;

if (argc == 3){
nx=atoi(argv[1])+2
ny=atoi(argv[2])+2

telse{

return O;
}

array=(float**)calloc(2,sizeof(float*));
array[0]=(float*)calloc(nx*ny,sizeof(float));
array[1]=(float*)calloc(nx*ny,sizeof(float));

initialize(array, nx, ny);
jacobi(array,nx,ny,omega);
free(array[0]);

free(array[1]);
return O;

YORRERRXGREDXR)EEMICCUDATRIT ST

void jacobi(float **array, int nx, int ny, float omega)

{

}

inti, j;

int iter;

/* buffer id */
int current = 0;
int next = 1;

for(iter=0;iter< MAX_ITER;iter++) {
for(j=1;j<ny-1;j++) {
for(i=1;i<nx-1;i++) {

}

float curv=array[current][j*nx+i];

float nextv;

I* AR KER

nextv=(array[current][(j-1)*nx+i] +
array[current][(j+1)*nx+i] +
array[current][j*nx+(i-1)] +
array[current][j*nx+(i+1)]) * 0.25f;

I ST RFER D& ¥/

array[next][j*nx+i]=curv+(nextv-curv)*omega;

}

[* STEEEOUE
current=1-current;
next=1-next;

}

return;

56



CUDADTOYSLER

RANTAT S LEGPUD—R LB TSNS

RRANTART 5L

-CPUTEfTEIhd70J5 .4
-GPUIZX L TAEYIE—OFTAY S LDIA—ILEITS

GPUA—=JLEE S

-GPUTRITENST0T 5L
RANTATSLMGRUHEN-TOTS5.LEEST

57



CUDADTOYSLER

RANTAT S LEGPUAD—XILEEE TSNS

CPU GPU

O]
GPU_LIZAEYHER

@CPUMASGPUN
T—3aE—

[

:"ﬂ""}'iiiﬁ —>

L ©)
CUDA)’J—-:{{)LEQ“—*

RIS AL

<«—CUDAH—RILET—

@®GPU—-CPU

F—HEE —]

58



DR TOT S LNSGPU LD AT BB A TEH

' O—/NJLAEY) OFEEOER
B84k [ cudaMalloc)% %I

CE:ERdDMalloct (FIX Rk

cudaMalloc( void **deviceptr, size_t size);

edeviceptr : F O—/\NJLAE) EDTRL X
esize : FLFIDES

AEYSEEOFI AR T LS., freer T I

cudaFree( void **deviceptr );

edeviceptr : S O—/\NJLAEY EDTKRLR
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DR TOT S LNSGPU LD AT BB A TEH

#define MAX_ITER 10000
#define BLOCK_X 16
#define BLOCK_Y 16

int main(int argc, char *argv[])
{
int nx, ny;
float omega = 0.5;
float **array; /* for double buffer */
struct timeval st;
struct timeval et;
long us;

I* GPUAEYEE */

if (argc == 3){
nx=atoi(argv[1])+2;
ny=atoi(argv[2])+2;

telse{

return O;
}

array=(float**)calloc(2,sizeof(float*));
array[0]=(float*)calloc(nx*ny,sizeof(float));
array[1]=(float*)calloc(nx*ny,sizeof(float));

initialize(array, nx, ny);
jacobi(array,nx,ny,omega);
free(array[0]);

free(array[1]);
return O;
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DR TOT S LNSGPU LD AT BB A TEH

#define MAX_ITER 10000
#define BLOCK_X 16
#define BLOCK_Y 16

int main(int argc, char *argv([])
{
int nx, ny;
float omega = 0.5;
float **array; /* for double buffer */
struct timeval st;
struct timeval et;
long us;

I* GPUXEYEE *
float *darray;

if (argc == 3){
nx=atoi(argv[1])+2;
ny=atoi(argv[2])+2;

telse{

return O;
}

array=(float**)calloc(2,sizeof(float*));
array[0]=(float*)calloc(nx*ny,sizeof(float));
array[1]=(float*)calloc(nx*ny,sizeof(float));

initialize(array, nx, ny);
jacobi(array,nx,ny,omega);
free(array[0]);

free(array[1]);
return O;
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Q@HRRAFTOT S LNSGPULATF—42%FE—

#define MAX_ITER 10000
#define BLOCK_X 16
#define BLOCK_Y 16

int main(int argc, char *argv(])

{

int nx, ny;

float omega = 0.5;

float **array; /* for double buffer */
struct timeval st;

struct timeval et;

long us;

*GE“ifI!IE% *[

float *darray;

if (argc == 3){
nx=atoi(argv[1])+2;
ny=atoi(argv[2])+2;

lelse{

return O;
}

array=(float**)calloc(2,sizeof(float*));
array[0]=(float*)calloc(nx*ny,sizeof(float));
array[1]=(float*)calloc(nx*ny,sizeof(float));

ke AT

jacobi(array,nx,ny,omega);

free(array[0]);
free(array[1]);
return O;
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Q@HRRAFTOT S LNSGPULATF—42%FE—

#define MAX_ITER 10000
#define BLOCK_X 16
#define BLOCK_Y 16

int main(int argc, char *argv[])

{

int nx, ny;

float omega = 0.5;

float **array; /* for double buffer */
struct timeval st;

struct timeval et;

long us;

I* GPUAEYEE */

float *darray;

if (argc == 3
nx=atoi(argv[1])+2;
ny=atoi(argv[2])+2;

lelse{

return O;
}

array=(float**)calloc(2,sizeof(float*));
array[0]=(float*)calloc(nx*ny,sizeof(float));
array[1]=(float*)calloc(nx*ny,sizeof(float));

Sl AT

cudaMalloc((void **)&darray, 2*nx*ny*sizeof(float));

jacobi(array,nx,ny,omega);

free(array[0]);
free(array[1]);
return O;

Department of Computer Science, Chiba Inslitute of Technology
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@AM TS S LNSGPULAT—4%OE—

RANTAT S LISGPULEAT—4A%ZOE—
B8 24 [ cudaMemcpy)ZFI A

CEZBRDmemcpyBE i & (X IXREIHR

cudaMemcpy( void *dst, const void *src, size t size,
emue cudaMemcpyKind kind);

odst : AE—EDEHDTHFL X

esrc : AE—TDEHIDTRL R

esize : ER5IDH A X

esize : BRiA A TZIETE
(1:cudaMemcpyHostToDevice : CPU—GPU)
(2 :cudaMemcpyDeviceToHost : GPU—CPU)
(3 :cudaMemcpyDeviceToDevice : GPU—-GPU)
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Q@HRRAFTOT S LNSGPULATF—42%FE—

#define MAX_ITER 10000
#define BLOCK_X 16
#define BLOCK_Y 16

int main(int argc, char *argv[])

{

int nx, ny;

float omega = 0.5;

float **array; /* for double buffer */
struct timeval st;

struct timeval et;

long us;

I* GPUAEYEE */

float *darray;

if (argc == 3
nx=atoi(argv[1])+2;
ny=atoi(argv[2])+2;

lelse{

return O;
}

array=(float**)calloc(2,sizeof(float*));
array[0]=(float*)calloc(nx*ny,sizeof(float));
array[1]=(float*)calloc(nx*ny,sizeof(float));

Sl AT

cudaMalloc((void **)&darray, 2*nx*ny*sizeof(float));

jacobi(array,nx,ny,omega);

B -
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Q@HRRAFTOT S LNSGPULATF—42%FE—

#define MAX_ITER 10000
#define BLOCK_X 16
#define BLOCK_Y 16

int main(int argc, char *argv[])
{
int nx, ny;
float omega = 0.5;
float **array; /* for double buffer */
struct timeval st;
struct timeval et;
long us;

I* GPUAEYEE */

float *darray;

if (argc == 3
nx=atoi(argv[1])+2;
ny=atoi(argv[2])+2;

lelse{

return O;
}

array=(float**)calloc(2,sizeof(float*));
array[0]=(float*)calloc(nx*ny,sizeof(float));
array[1]=(float*)calloc(nx*ny,sizeof(float));

Sl AT

cudaMalloc((void **)&darray, 2*nx*ny*sizeof(float));

cudaMemcpy(darray, array, 2*nx*ny*sizeof(float), cudaMemcpyHostToDevice);

jacobi(array,nx,ny,omega);

B -
Department of Computer Science, Chiba Inslitute of Technology rfﬂ
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@AM TATSLMSGPUA—RILEI—IL

HRANTASSLMNSGPUA—ILET—/L

EEROBBTEUHLERAIT S1-HIC
[<<<>>>]%F59%

kernel_function<<< grid_dim, block_dim >>>(kernel_param®, ...);

ekernel_function : GRUAL—=IJL D% %
ekernel_param* : h—x LB D 5%k

CUDAIZEITHACPUDIh—ILENEILIERIZATENMET 51=6

S RN E
(ZLDBE. H—F)LEMLFHIE S 3o TER)

cudaDeviceSynchronize();

B B o
Department of Computer Science, Chiba Inslitute of Technology. rfﬂ

67



@AM TATSLMSGPUA—RILEI—IL

#define MAX_ITER 10000
#define BLOCK_X 16
#define BLOCK_Y 16

int main(int argc, char *argv[])

{

int nx, ny;

float omega = 0.5;

float **array; /* for double buffer */
struct timeval st;

struct timeval et;

long us;

[* GE”éEI!E *|

n

float *darray;

if (argc == 3
nx=atoi(argv[1])+2;
ny=atoi(argv[2])+2;

telse{

return O;
}

array=(float**)calloc(2,sizeof(float*));
array[0]=(float*)calloc(nx*ny,sizeof(float));
array[1]=(float*)calloc(nx*ny,sizeof(float));

I* GPUAEYRER */

I* GPUA—RIJLZI—IL ¥

I* GPUA—RILHERIT T OvIBERALYFHZERE dim3BA#K

THEEFIHE */

cudaMalloc((void **)&darray, 2*nx*ny*sizeof(float));

G */
free(array[0]);
free(array[1]);
return O;
}
B -
Department of Computer Science, Chiba Inslitute of Technology rfﬂ
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@AM TATSLMSGPUA—RILEI—IL

#define MAX_ITER 10000
#define BLOCK_X 16
#define BLOCK_Y 16

int main(int argc, char *argv[])
{
int nx, ny;
float omega = 0.5;
float **array; /* for double buffer */
struct timeval st;
struct timeval et;
long us;

[* GRUAEYEE */

float *darray;

if (argc == 3
nx=atoi(argv[1])+2;
ny=atoi(argv[2])+2;

telse{

return O;
}

array=(float**)calloc(2,sizeof(float*));
array[0]=(float*)calloc(nx*ny,sizeof(float));
array[1]=(float*)calloc(nx*ny,sizeof(float));

I* GPUAEYRER */

I* GPUA—RIJLZI—IL ¥

I* GPUA—RILHERIT T OvIBERALYFHZERE dim3BA#K

TR TE ATRE */
* —_— = */

dim3 grid(((nx-2)+BLOCK_X-1)/BLOCK_X,
((ny-2)+BLOCK_Y-1)/BLOCK_Y, 1);
dim3 block(BLOCK_X, BLOCK_Y, 1);

free(array[0]);
free(array[1]);
return O;

}

cudaMalloc((void **)&darray, 2*nx*ny*sizeof(float));

B -
Department of Computer Science, Chiba Instifute of Technology rfﬂ
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@AM TATSLMSGPUA—RILEI—IL

#define MAX_ITER 10000
#define BLOCK_X 16
#define BLOCK_Y 16

int main(int argc, char *argv[])

{

int nx, ny;

float omega = 0.5;

float **array; /* for double buffer */
struct timeval st;

struct timeval et;

long us;

[* GPUXAEYTRE *
float *darray;

if (argc == 3
nx=atoi(argv[1])+2;
ny=atoi(argv[2])+2;

telse{

return O;
}

array=(float**)calloc(2,sizeof(float*));
array[0]=(float*)calloc(nx*ny,sizeof(float));
array[1]=(float*)calloc(nx*ny,sizeof(float));

I* GPUAEYRER */

I* GPUA—RIJLZI—IL ¥

I* GPUA—RILHERIT T OvIBERALYFHZERE dim3BA#K

TR TE ATRE */
* —_— = */

dim3 grid(((nx-2)+BLOCK_X-1)/BLOCK_X,
((ny-2)+BLOCK_Y-1)/BLOCK_Y, 1);

dim3 block(BLOCK_X, BLOCK_Y, 1);

for(int iter=0;iter<MAX_ITER;iter++) {

free(array[0]);
free(array[1]);
return O;

}

cudaMalloc((void **)&darray, 2*nx*ny*sizeof(float));

|
Department of Computer Science, Chiba Instifute of Technology rfﬂ
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@AM TATSLMSGPUA—RILEI—IL

#define MAX_ITER 10000
#define BLOCK_X 16
#define BLOCK_Y 16

int main(int argc, char *argv[])

{

int nx, ny;

float omega = 0.5;

float **array; /* for double buffer */
struct timeval st;

struct timeval et;

long us;

[* GPUXAEYTRE *
float *darray;

if (argc == 3){
nx=atoi(argv[1])+2;
ny=atoi(argv[2])+2;

telse{

return O;
}

array=(float**)calloc(2,sizeof(float*));
array[0]=(float*)calloc(nx*ny,sizeof(float));
array[1]=(float*)calloc(nx*ny,sizeof(float));

I* GPUAEYRER */

I* GPUA—=RJLZI—IL ¥

I* GPUA—RILHERIT T OvIBERALYFHZERE dim3BA#K

THREARE */

dim3 grid(((nx-2)+BLOCK_X-1)/BLOCK_X,
((ny-2)+BLOCK_Y-1)/BLOCK_Y, 1);

dim3 block(BLOCK_X, BLOCK_Y, 1);

for(int iter=0;iter<MAX_ITER;iter++) {

CudaDeviceSynchronize();

I* BT EMEEDUIE ¥/
current = 1-current;
next = 1-next;

}

jacobi<<<grid, block>>>(darray, nx, ny, omega, current, next);

free(array[0]);
free(array[1]);
return O;

}

cudaMalloc((void **)&darray, 2*nx*ny*sizeof(float));

ST
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GPUA—RJLEEH

GPULTETNSHEL
GPUL—=)LIL. GPURID AT DHT Ut X\ EE
EDRENEA T

GPUB—RILODRX R T H=8IZ. GPUAD—=RJLBEEEL D SLEEIZ
[ global J&{T59 %

__global__ void kernel_function(kernel _param?*, ...){

}

ekernel_function : GPUAh—XJL DB £
ekernel_param* : h—xJLEEAEID 5%k
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GPUAh—2JLEE%K

__global___
void jacobi(float *array, int nx, int ny, float omega, int current, int next)

{

int nn = nx*ny;
P EQEBEREELL TSN 2 EHE ¥

float curv = array[nn*current+(j*nx+i)];

float nextv;

nextv = (array[nn*current+((j-1)*nx+i)]+
array[nn*current+((j+1)*nx+i)]+
array[nn*current+(j*nx+(i-1))]+
array[nn*current+(j*nx+(i+1))])*0.25;

[* S EERDOIEMH

array[nn*next+(j*nx+i)] = curv+(nextv-curv)*omega;

return;

}

. e
Department of Computer Science, Chiba Instifute of Technology rfﬂ
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GPUA—=2:)LB8

__global___
void jacobi(float *array, int nx, int ny, float omega, int current, int next)

{

int nn = nx*ny;

[ EDEBEFERLL TSN 2 EEE Y
int i = blockDim.x*blockldx.x+threadldx.x+1;
int j = blockDim.y*blockldx.y+threadldx.y+1;

float curv = array[nn*current+(j*nx+i)];

float nextv;

nextv = (array[nn*current+((j-1)*nx+i)]+
array[nn*current+((j+1)*nx+i)]+
array[nn*current+(j*nx+(i-1))]+
array[nn*current+(j*nx+(i+1))])*0.25;

[* S EERDOIEMH

array[nn*next+(j*nx+i)] = curv+(nextv-curv)*omega;

return;

}

E— R
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.. GPUA—RJLEEH

global

void jacobi(float *array, int nx, int ny, float omega, int current, int next)

{

}

int nn = nx*ny;
[FEDRMEZHEEILTLAN?ZEE

int i = blockDim.x*blockldx.x+threadldx.x+1;

int j = blockDim.y*blockldx.y+threadldx.y+1;

float curv = array[nn*current+(j*nx+i)];

float nextv;

nextv = (array[nn*current+((j-1)*nx+i)]+
array[nn*current+((j+1)*nx+i)]+
array[nn*current+(j*nx+(i-1))]+
array[nn*current+(j*nx+(i+1))])*0.25;

[* ST EBER OB ¥/

array[nn*next+(j*nx+i)] = curv+(nextv-curv)*omega;

return;

HRXRBIZFORIIH LY
chik, BENEYT I EEE
blockiD&threadlID CEHE T 578
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@GPULMNSTRAMAT—R2%ZFaE—

RANTAT S LISGPULEAT—4A%ZOE—
B8 24 [ cudaMemcpy)ZFI A

CEZBRDmemcpyBE i & (X IXREIHR

cudaMemcpy( void *dst, const void *src, size t size,
emue cudaMemcpyKind kind);

odst : AE—EDEHDTHFL X

esrc : AE—TDEHIDTRL R

esize : ER5IDH A X

esize : BRiA A TZIETE
(1:cudaMemcpyHostToDevice : CPU—GPU)
(2 :cudaMemcpyDeviceToHost : GPU—CPU)
(3 :cudaMemcpyDeviceToDevice : GPU—-GPU)
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@AM TATSLMSGPUA—RILEI—IL

#define MAX_ITER 10000
#define BLOCK_X 16
#define BLOCK_Y 16

int main(int argc, char *argv[])
{
int nx, ny;
float omega = 0.5;
float **array; /* for double buffer */
struct timeval st;
struct timeval et;
long us;

[* GPUXAEYTRE *
float *darray;

if (argc == 3){
nx=atoi(argv[1])+2;
ny=atoi(argv[2])+2;

telse{

return O;
}

array=(float**)calloc(2,sizeof(float*));
array[0]=(float*)calloc(nx*ny,sizeof(float));
array[1]=(float*)calloc(nx*ny,sizeof(float));

I* GPUAEYRER */

I* GPUA—=RJLZI—IL ¥

I* GPUA—RILHERIT T OvIBERALYFHZERE dim3BA#K

THREARE */

dim3 grid(((nx-2)+BLOCK_X-1)/BLOCK X,
((ny-2)+BLOCK_Y-1)/BLOCK_Y, 1);
dim3 block(BLOCK_X, BLOCK_Y, 1);
for(int iter=0;iter<MAX_ITER;iter++) {
jacobi<<<grid, block>>>(darray, nx, ny, omega, current, next);
CudaDeviceSynchronize();

I* BT EMEEDUIE ¥/
current = 1-current;
next = 1-next;

}

free(array[0]);
free(array[1]);
return O;

}

cudaMalloc((void **)&darray, 2*nx*ny*sizeof(float));

. e
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@AM TATSLMSGPUA—RILEI—IL

#define MAX_ITER 10000
#define BLOCK_X 16

#define BLOCK_Y 16 I* GPUA—=RJLZI—IL *|
I* GPUA—RILAERTHTAVIMERALYFBERR dim3B%K

int main(int argc, char *argvl]) THEERTRE */
{ [* R 18 )—T % CPURITHilfH */

intnx, ny; dim3 grid(((nx-2)+BLOCK_X-1)/BLOCK_X,

float omega = 0.5; ((ny-2)+BLOCK_Y-1)/BLOCK_Y, 1);

float **array; /* for double buffer */ dim3 block(BLOCK_X, BLOCK_Y, 1);

struct timeval st; for(int iter=0;iter<MAX_ITER;iter++) {

struct timeval et;

jacobi<<<grid, block>>>(darray, nx, ny, omega, current, next);
long us;

CudaDeviceSynchronize();

[ GPUXEVEE */ [ FHESAEDYE
float *darray; current = 1-current;

) next = 1-next;

if (argc == 3){ )
nx=atoi(argv[1])+2;
ny=atoi(argv[2])+2;

else

} r{eturn 0; cudaMemcpy(array, darray, 2*nx*ny*sizeof(float),
} cudaMemcpyDeviceToHost);
array=(float**)calloc(2,sizeof(float*));

array[0]=(float*)calloc(nx*ny,sizeof(float)); free(array[0]);
array[1]=(float*)calloc(nx*ny,sizeof(float)); free(array[1]);

return O;

I* GPUAEFER */ }

cudaMalloc((void **)&darray, 2*nx*ny*sizeof(float));

"""" I
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cuda®da /()L

NVIDIA®cuda-zonekYcuda toolkit#4 o> O—KLTA U A—JL
https://developer.nvidia.com/cuda-zone

OV ILAEIK, geckXIEBHRTnvecELNVSERHaAV/ANATEAWNS
$nvecec I7AMILE AT 3>
XKELGA T3y
-Q [T—UF—FTal]
--arch_sm** [cuda® T /\1 R&xiE 1L ex. sm70:volta sm60:pascal]
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CUDADNFARRAASEE

12T A%t
CUDAC 7B7zxviaFIL 7B

l‘rolesslnna.l CuUDbAR e}Pro}nrn{nmln;

| Impress

-~ NVIDIA.

CUDA C

707xva TNV TGS
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ADEREE KR R
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EHYIZ

GPUa Eax1—T4245
SA4T3)EAWNS AL
TALOTATEXERAWNS AL
-ERADIREZETHACUDATRHWD AL

BFEDTOY 5 L% CUDAL T BT EIC DL THESR
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