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Directives for pipelined processing of data exceeding the accelerator memory
capacity

AKIHITO NAKANO1 FUMIHIKO INO1 KENICHI HAGIHARA1

Abstract: In this paper, we present a directive specification, named pipelined accelerator (PACC), and its implementa-
tion for acceleration of large-scale computation whose data size exceeds the memory capacity of an accelerator. PACC
is an extension of OpenACC, an existing directive specification for accelerators. Our specification realizes partition-
ing of large-scale data according to inserted directives. Given a program with PACC directives, our PACC translator
rewrite the program as an OpenACC program so that data can be partitioned for execution. Furthermore, the generated
program processes partitioned data in a pipeline so that data transfer time between the CPU and accelerator can be
overlapped with computation time on the accelerator. This overlap can be tuned by using PACC directives that specify
the number of data partitions. Experimental results show that PACC realizes large-scale computation with data size of
up to 27 GB on a PC whose main and accelerator memory capacities are 32 GB and 5 GB, respectively. We also find
that our pipelined execution increases the performance by a maximum factor of 2.6.
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1 #pragma acc parallel loop \

2 copyin(dst[1:n-2]) copyout(src[0:n])

3 for (i = 1; i < n- ; i++) {

4 dst[i] = src[i-1] + 2*src[i] + src[i+1];

5 }

1

1 for (j = 1; j < n/num_tasks; j++) {

2 #pragma acc parallel loop \

3 copyin(dst[1+task_size*j:task_size-2]) \

4 copyout(src[task_size*j:task_size])

5 for (i = 1; i < task_size-2; i++) {

6 dst[i+task_size*j] = src[i-1+task_size*j] +

7 2*src[i+task_size*j] +

8 src[i+1+task_size*j];

9 }

10 }
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1 #pragma acc parallel loop \

2 copyin(src[0:cols*rows]) \

3 copyout(dst[0:cols*rows])

4 for (int j = 1; j < rows - 2; j++) {

5 for (int i = 1; i < cols - 2; i++) {

6 dst[i + cols*j] = src[(i-1) + cols*j] +

7 src[(i+1) + cols*j] +

8 src[i + cols*(j+1)] +

9 src[i + cols*(j-1)];

10 dst[i + cols*j] = dst[i + cols*j] & mask[j];

11 }

12 }
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1 #pragma pacc pipeline \

2 targetin(src(cols,cols,cols)[0:cols*rows]) \

3 targetout(dst(0,cols,0)[cols:cols*rows-2*cols]) \

4 async

5 {

6 // C P U

7 #pragma pacc update device(src[0:cols*rows])

8 //

9 #pragma pacc parallel loop pipe(1)

10 for (j = 1..rows-2){

11 #pragma pacc loop independent

12 for (i = 1..cols-2) {

13 dst[j*cols+i] = src[j*cols+(i-1)] +

14 src[j*cols+(i+1)] +

15 src[(j-1)*cols+i+1] +

16 src[(j+1)*cols+i+1];

17 }

18 }

19 // C P U

20 #pragma pacc update host(dst[cols:col*rows-2*col])

21 }
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1 #pragma pacc pipeline \

2 targetin(original_image(cols, cols, cols) \

3 [0:rows*cols]) \

4 targetout(edge_image(cols, cols, cols) \

5 [0:rows*cols]) async

6 {

7 #pragma pacc update \

8 device(original_image[0:rows*cols])

9 #pragma pacc kernels \

10 present(original_image[0:rows*cols], \

11 edge_image[0:rows*cols])

12 {

13 #pragma pacc loop independent pipe(1)

14 for (unsigned long long iy = 1; iy < rows-1;

15 iy++) {

16 #pragma pacc loop independent

17 for (unsigned long long ix = 1; ix < cols-1;

ix++) {

18 int sum_x=0, sum_y=0, sum=0;

19 /*-------X GRADIENT APPROXIMATION------*/

20
21 /*-------Y GRADIENT APPROXIMATION------*/

22
23 /*---GRADIENT MAGNITUDE APPROXIMATION----*/

24 sum = abs(sum_x) + abs(sum_y);

25 /* make edges black and background white */

26 edge_image[ ix + iy * cols] = 255 -

27 (unsigned char)(sum);

28 }

29 }

30 }//end of OpenACC kernels region

31 #pragma pacc update host(edge_image[0:rows*cols])

32 }

33 for (unsigned long long iy = 0; iy < rows; iy++) {

34 edge_image[iy * cols] = 255;

35 edge_image[((iy+1) * cols) -1] = 255;

36 }

37 for (unsigned long long ix = 1; ix < cols-1; ix++)

{

38 edge_image[ix] = 255;

39 edge_image[ix + ((rows-1) * cols)] = 255;

40 }
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