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Abstract

GPGPU(General Purpose computing on Graphics Processing Units)
gets attention from various fields because of high computational perfor-
mance. However, major developing environment, such as CUDA requires
hand tuning to exploit individual GPUs performance. Thus, the users
must devote coding effort to optimize GPGPU programs using CUDA.

We are developing MESI-CUDA that enables to programming GPGPU
programs on a simple memory model and optimizes automatically with-
out additional burden. MESI-CUDA framework introduces dynamic task
scheduling scheme consists of compiler and runtime, and implements dy-
namic load balancing and distributed data caching. The compiler gener-
ates subroutine codes that execute split data transfer and threads invoca-
tion on an independent device to realize this scheme. However, the con-
ventional implementation causes inefficient execution because the com-
piler generates not optimized codes in some cases.

In this research, we extend the code generation scheme in the compiler
to improve the dynamic scheduling scheme. The conventional subroutine
performs data transfer just as needed for split execution. Thus, the run-
time can’t execute operations such as partial memory data distribution
using the subroutine. Therefore, even when there is a dependency rela-
tion between distributed memory data, cache management by optimum
memory partitioning is impossible. To solve this problem, the compiler
generates a new subroutine that the runtime can acquire the memory
region associated with the granularity of split execution as a parameter.
The runtime can detect dependency between distributed memory data
and manage optimally partitioned memory data using this subroutine.
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1 #define N 8192

2 #define STEP_ITERATION 1000

3 #define BS 256

4 #define S (sizeof (double) *N*N)

5 double h_power[N][N], h_temp[N][N], h_result[N][N];

6 double *d_power, *d_temp, *d_result;

7 __global__ void stencil(double result[][N], double temp[][N], double power[][N],
double Cap, double Rx, double Ry, double Rz){

8 int x = blockDim.x * blockIdx.x + threadldx.x;

9 int y = blockDim.y * blockIdx.y + threadldx.y;

10 intn=(y>0) ?y-1:y;

11 int s = (y < N - 1) ? y+1 : y;

12 int w = (x > 0) ? x-1 : x;

13 int e = (x < N - 1) ? x+1 : x;

14  double tx (temp[y] [w] + templ[y]l[e]l - 2.0 * templ[y][x]) * Rx;
15  double ty = (temp[n][x] + temp[s][x] - 2.0 * templyl[x]) * Ry;
16  double tz = (AMB_TEMP - templ[y] [x]) * Rz;

17  double delta = Cap * (power[yl[x] + tx + ty + tz);

18  resultl[y] [x] temp[y] [x] + delta;

19 }

20 __global__ void copy(double temp[][N], double result[][N]){

21 int x = blockDim.x * blockIdx.x + threadldx.x;

22 int y = blockDim.y * blockIdx.y + threadIdx.y;

23 templyl [x] = resultly][x];

24 }

25 void read_input(double datal[l[N]){...}

26 void write_output(double datal[][N]1){...}

27 void set_scala(double *Cap, double *Rx, double *Ry, double *Rz){...}
28 int main(int argc, char **argv){

29 int i;

30 double cap, rx, ry, rz;

31  cudaMalloc(&d_power, S);

32 cudaMalloc(&d_temp, S);

33 cudaMalloc(&d_result, S);

34 read_input(h_power);

35 read_input (h_temp) ;

36 cudaMemcpy(d_power, (double *)h_power, S, cudaMemcpyHostToDevice);
37  cudaMemcpy(d_temp, (double *)h_temp, S, cudaMemcpyHostToDevice);
38 set_scala(&cap, &rx, &ry, &rz);

39 for (i = 0; i < STEP_ITERATION; i++){

40 dim3 grid(N/BS, N);

41 stencil<<<grid, BS>>>((double(*)[N])d_result, (double(*)[N])d_temp, (double(*)[N])d_power,
cap, rx, ry, rz);

42 copy<<<grid, BS>>>((double(*) [N])d_temp, (double(*)[N])d_result);

43

44 cudaMemcpy ((double *)h_result, d_result, S, cudaMemcpyDeviceToHost);
45  write_output(h_result);

46 cudaFree (d_power) ;

a7 cudaFree(d_temp) ;

48 cudaFree(d_result);

49 }
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1 #define N 8192

2 #define STEP_ITERATION 1000

3 __global__ double g_power[N][N], g_temp[N][N], g_result([N][N];

4 __global__ void stencil(double result[][N], double temp[][N], double power[][N],
double Cap, double Rx, double Ry, double Rz){

5 int x = lthreadIdx.x;

6 int y = lthreadldx.y;

7 dintn=(y>0) ?y-1:y;

8 int s =(y<N-1) 7 y+¢1 : y;

9 int w=(x>0) ? x-1 : x;

10 int e = (x < N - 1) ? x+1 : x;

11 double tx = (temply][w] + templ[yl[e]l - 2.0 * temp[y][x]) * Rx;
12 double ty = (temp[n][x] + temp[s][x] - 2.0 * temp[y][x]) * Ry;
13  double tz = (AMB_TEMP - templyl[x]) * Rz;

14  double delta = Cap * (power[y]l[x] + tx + ty + tz);

15  resultly][x] = temply][x] + delta;

16 }

17 __global__ void copy(double temp[][N], double result([][N]){

18 int x = lthreadIdx.x;

19 int y = lthreadIdx.y;

20 temply] [x] = resultly] [x];

21 }

22 void read_input(double datal]l[N]){...}

23 void write_output(double datall[N]){...}

24 void set_scala(double *Cap, double *Rx, double *Ry, double *Rz){...}
25 int main(int argc, char **argv){

26 int i;

27 double cap, rx, ry, rz;

28 read_input(g_power);

29 read_input(g_temp);

30 set_scala(&cap, &rx, &ry, &rz);

31 for (i = 0; i < STEP_ITERATION; i++){

32 stencil<[<N, N>]>(g_result, g_temp, g_power, cap, rx, ry, rz);
33 copy<[<N, N>]>(g_temp, g_result);

34 }

35 write_output(g_result);

36 }
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#define N 8192

#define STEP_ITERATION 1000

#define _B 256

double *_h_power, *_h_temp, *_h_result;

vs_arg_t _s_power, _s_temp, _s_result;

job_t *_j_stencil, *_j_copy;

scheduler_t _scheduler;

__global__ void stencil(int _b, double result[][N], double temp[][N], double power[][N],
double Cap, double Rx, double Ry, double Rz){...}

__global__ void copy(int _b, double temp[][N], double result[][N]){...}

void read_input(double data[][N]){...}
void write_output(double data[][N]1){...}
void set_scala(double *Cap, double *Rx, double *Ry, double *Rz){...}
int main(int argc, char **argv){
int i;
double cap, rx, ry, rz;
_scheduler.init();
cudaMallocHost (&_h_power, S);
cudaMallocHost (&_h_temp, S);
cudaMallocHost (&_h_result, S);
_scheduler.regist_vs_arg(&_s_power, _h_power, N*N, sizeof(double), READONLY) ;
_scheduler.regist_vs_arg(&_s_temp, _h_temp, N*N, sizeof(double), READWRITE);
_scheduler.regist_vs_arg(&_s_result, _h_result, NxN, sizeof(double), READWRITE);
_j_stencil = _scheduler.create_job();
_j_stencil->exe_func = _exe_stencil_0;
_j_stencil->access_range_func = _ar_stencil_O;
_j_stencil->vs_args.push_back(std: :make_pair(&_s_result, WRITE));
_j_stencil->vs_args.push_back(std: :make_pair(&_s_temp, READ));
_j_stencil->vs_args.push_back(std: :make_pair(&_s_power, READ));
_j_stencil->block_num = N*N / _B;
_j_copy = _scheduler.create_job();
_j_copy->exe_func = _exe_copy_0;
_j_copy—>access_range_func = _ar_copy_O;
_j_copy->vs_args.push_back(std: :make_pair(&_s_temp, WRITE));
_j_copy->vs_args.push_back(std: :make_pair(&_s_result, READ));
_j_copy->blockNum = N*N / _B;
_scheduler.submit_job(_j_stencil);
_scheduler.submit_job(_j_copy) ;
_scheduler.fin_submit_job();
read_input ((double (*) [N])_h_power) ;
read_input ((double (*) [N])_h_temp) ;
set_scala(&cap, &rx, &ry, &rz);
for (i = 0; i < STEP_ITERATION; i++){
_j_stencil->args[0].d = Cap;
_j_stencil->args[1].d = Rx;
_j_stencil->args[2].d = Ry;
_j_stencil->args[3].d = Rz;
_scheduler.ignite_job(_j_stencil);
_scheduler.synchronize();
_scheduler.ignite_job(_j_copy);
_scheduler.synchronize();
¥
_scheduler.read_vs_arg(s_result, h_result, N*Nxsizeof (double));
write_output ((double(x) [N])_h_result);
cudaFreeHost (_h_power) ;
cudaFreeHost (_h_temp) ;
cudaFreeHost (_h_result);
_scheduler.terminate();

}
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__global__ void stencil(int _b, double result[][N], double temp[][N], double power[][N],
double Cap, double Rx, double Ry, double Rz){
int x = blockIdx.x % (N / _B) * _B + threadldx.x;
int y = blockIdx.x / (N / _B);
intn=(y+ _b/ N/ _B)>0)7y-1:y;
int s=(y+_b/ N/ _B)<N-1)7y+l : y;
int w = (x> 0) ? x-1 : x;

int e = (x <N - 1) ? x+1 : x;
double tx = (templ[y][w] + templ[yl[e]l - 2.0 * templ[y][x]) * Rx;
double ty = (temp[n][x] + temp[s][x] - 2.0 * temp[yl[x]) * Ry;
double tz (AMB_TEMP - temply][x]) * Rz;
double delta = Cap * (powerl[yl[x] + tx + ty + tz);
result[y] [x] = temp[y][x] + delta;
}
__global__ void copy(int _b, double temp[][N], double result[][N]){
int x = blockIdx.x % (N / _B) * _B + threadIdx.x;
int y = blockIdx.x / (N / _B);
temp [yl [x] = result([y][x];
}
void _exe_stencil_O(task_t *task, int dev){
double *d_result = (double *)_scheduler.get_ptr(task, _s_result, dev);

double *d_temp = (double *)_scheduler.get_ptr(task, _s_temp, dev);
double *d_power = (double *)_scheduler.get_ptr(task, _s_power, dev);
d_temp = (task->start_block == 0) ? d_temp : d_temp + N;
stencil<<<task->block_num, _B, 0, 0>>>
(task->start_block, (double(x*)[N])d_result, (double(*)[N])d_temp, (double(*)[N])d_power,

task->parent_job->args[0].d, task->parent_job->args[1].d, task->parent_job->args[2].d, task->parent_job->args[3].d);

}
void _ar_stencil_O(int vs_arg_id, int start_block, int block_num, void **start_ptr, size_t *size){
if (vs_arg_id == _s_power.id){
*size = block_num * _B * sizeof (double);
*start_ptr = &_h_power[start_block * _B];
Yelse if (vs_arg_id == _s_result.id){
*size = block_num * _B * sizeof (double);

*start_ptr = &_h_result[start_block * _B];
}else if (vs_arg_id == _s_temp.id){
*size = block_num * _B * sizeof (double);
*size = start_block == 0 ? *size : *size + sizeof(double) * N;
*size = (start_block + block_num) == N*N / _B ? *size : *size + sizeof(double) * N;

*start_ptr = start_block == 0 7 &_h_temp[start_block * _B] : &_h_temp[start_block * _B - NJ;
}
}
void _exe_copy_O(task_t *task, int dev){
double *d_temp = (double *)_scheduler.get_ptr(task, _s_temp, dev);
double *d_result = (double *)_scheduler.get_ptr(task, _s_result, dev);
copy<<<task->block_num, _B, 0, 0>>>(task->start_block, (double(*)[N])d_temp, (double(*)[N])d_result);
}
void _ar_copy_O(int vs_arg_id, int start_block, int block_num, void **start_ptr, size_t *size)q{
if (vs_arg_id == _s_temp.id){
*size = block_num * _B * sizeof (double);
xstart_ptr = &_h_temp[start_block * _BI];
}else if (vs_arg_id == _s_result.id){
*size = block_num * _B * sizeof (double);
*start_ptr = &_h_result([start_block * _B];
}
}
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