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00 hello.cu

__global__ void print(void) {
printf("Hello GPU\n");

¥

int main() {

printf("Hello CPU\n”);
print<<<1l,1>>>();

¥

nvcc -arch=sm_o0 00_hello.cu



Ol memcpy.cu

__global__ void kernel(float *a) {
a[threadldx.x] = threadIdx.x;
¥
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int main(void) {

int size = 4 * sizeof(float);

float *a, *b = (float*) malloc(size);
cudaMalloc(&a, size);

kernel<<<1,4>>>(a);

cudaMemcpy(b, a, size, cudaMemcpyDeviceToHost);
for (int 1=0; 1<4; 1++) printf("%f\n",b[1]);
cudaFree(a);

free(b);

return 0;




02 unified.cu

__global__ void kernel(float *a) {
a[ threadldx.x] = threadldx.x;
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int main(void) { ! n n | “ n

int size = 4 * sizeof(float);

float *a;

cudaMal locManaged(&a, size);
kernel<<<1,4>>>(a);

cudaDeviceSynchronize();

for (int 1=0; 1<4; i1++) printf("%f\n",a[1]);
cudaFree(a);

return 0;




03 thread block.cu

__global__ void kernel(float *a) {
int 1 = blockIdx.x * blockDim.x + threadIdx.x;
a[1] = 10 * blockldx.x + threadIdx.x; =

Block(0l 0) Block (1.0) Black(2 0)
L2 32 A0 ) LAY . A » 2 L322
2022222200202 22222000000 23022200220,

<€« <1 L ddqd] SCCCi4CE o

¥

1nt main(void) { ; ‘
1nt size = 4 * si1zeof(float); V / p
float *a;
cudaMallocManaged(&a, size);
kernel<<<2,2>>>(a);
cudaDeviceSynchronize();
for (int 1=0; 1<4; 1++) printf("%f\n",a[1]);
cudaFree(a);
return 0;




04 shared.cu

__global__ void kernel(float *a) {
int 1 = blockIdx.x * blockDim.x + threadIdx.x;
__sShared__ b[2];
b[threadldx.x] = 10 * blockIdx.x + threadIdx.x;

__syncthreads(); Wm. no | an | - Ww aw | aw| -

a[1] = b[threadldx.x];
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Without shared memory

int main(void) { _— -
int size = 4 * sizeof(float); fmae ™ ™ - G ™ ™

float *a;
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cudaMal locManaged(&a, size);

kernel<<<? , 2>>>(CJ) ] (a0 & | & ] & ] [ [a |l ™
cudaDeviceSynchronize(); With shared memory

for (int 1=0; 1<4; 1++) printf("%f\n",a[1]);
cudaFree(a);

return 0;




05 sum.cu

__global__ void kernel(float *a, float *sum) {
int 1 = blockIdx.x * blockDim.x + threadIdx.x;
atomicAdd(sum, al[1]);

¥

int main(void) { I+1+1+1=4
int size = 4 * sizeof(float);
float *a, *sum;
cudaMallocManaged(&a, size);
cudaMallocManaged(&sum, sizeof(float));
for (int 1=0; 1<4; 1++) a[i1] = 1;
kernel<<<2,2>>>Ca, sum);
cudaDeviceSynchronize();
printf("%f\n",*sum);
cudaFree(a);
cudaFree(sum);
return 0;




06 warp sum.cu

__1lnline__ __device__
int warpSum(float sum) {
for (1nt offset=16; offset>0; offset >>= 1)
sum += __shfl_down_sync(@Oxffffffff, sum, offset);

return sum; lane 0 1 2 3 4 5 6 7
Gnd
} - . . 1 1 1 1 1 1 1 1 unsigned m = Oxffffffff;

Rt BRI R // vV += _shfl_dovm_SYnc (m, v, 4);
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‘// v +=  shfl down_sync(m, v, 2);
4 | 4
/ v += _ shfl down_sync(m, v, 1);
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__global__ void kernel(float *a, float *sum) {

int 1 = blockIdx.x * blockDim.x + threadldx.x;
float b = warpSum(Ca[1]);
if ((threadIdx.x & 31) == @) atomicAdd(sum, b);

¥




0/ _nbody.cu

void GPUkernel(int N, float * x, float * y, float * z, float * m,
float * p, float * ax, float * ay, float * az, float eps2) {
int 1 = blockIdx.x * blockDim.x + threadIdx.x;

__global

float p1 = 0;
float axi = 0;
float ayi = 0;

float azi = 0;
float x1 = x[1];
float y1 = y[1];
float z1 = z[1];
for( int j=0; j<N; j++ ) {
float dx = x[J] - x1;
float dy = y[3] - y1;
float dz = z[J] - z1i;
float RZ = dx * dx + dy * dy + dz * dz + epsZ;
float invR = rsqrtf(R2);
p1 += m[j] * 1invR;
float invR3 = m[3] * invR * invR * 1invR;
axl += dx * 1nvR3;
ayl += dy * 1nvR3;
azi += dz * 1nvR3;

Iy

p[i] = pi;
ax[1] = axi;
ay[i] = ayi;
az[1] = azi;

}

nvcc -arch=sm_60 -Xcompiler "-Wall -fopenmp -03 -ffast-math” 07_nbody.cu




08 nbody shared.cu

__global__ void GPUkernel(int N, float * x, float * y, float * z, float * m,
float * p, float * ax, float * ay, float * az, float eps2) {
int 1 = blockIdx.x * blockDim.x + threadIdx.x;
float p1 = 0;
float axi = 0;
float ayi = 0;
float azi = 0;
float xi = x[1];
float y1 = y[1];
float zi1 = z[1];
__shared__ float xj[THREADS], yj[THREADS], zj[THREADS], mj[THREADS];
for C int jb=0; jb<N/blockDim.x; jb++ ) {
__syncthreads();
xj[threadIdx.x] x[jb*blockDim.x+threadIdx.x];
yj[threadldx.x] = y[jb*blockDim.x+threadIdx.x];
zj[threadIdx.x] = z[jb*blockDim.x+threadIdx.x];
mj[threadldx.x] = m[jb*blockDim.x+threadIdx.x];
__syncthreads();
#pragma unroll
for( int j=0; j<blockDim.x; j++ ) {
float dx = xj[J] - x1;
float dy = yj[jl - yi;
float dz = zj[j] - zi;
float R2 = dx * dx + dy * dy + dz * dz + epsZ;
float invR = rsqrtf(R2);
pi += mj[j] * invR;
float invR3 = mj[j] * invR * invR * 1invR;
axi += dx * 1invR3;
ayl += dy * 1invR3;
azi += dz * invR3;

}
}
p[i] = p1;
ax[1] = axi;
ay[i] = ayi;

az[i] = azi;




00 kernel.cpp

int main(void) {
int si1ze = 4 * sizeof(float);
float *a = (float*) malloc(size);
#pragma acc kernels
for (int 1=0; 1<4; 1++) a[i] = 1;
for (int 1=0; 1<4; i1++) printf("%f\n",a[1]);
free(a);
return 0;

¥

__global__ void kernel(float *a) {
a[threadldx.x] = threadldx.x;

}

int main(void) {
int si1ze = 4 * sizeof(float);
float *a;
cudaMal locManaged(&a, size);
kernel<<<1,4>>>(a);
cudaDeviceSynchronize();
for (int 1=0; 1<4; 1++) printf("%f\n",a[1]);
cudaFree(a);
return 0;




00 kernel.cpp

int main(void) {
int size = 4 * sizeof(float);
float *a = (float*) malloc(size);
#pragma acc kernels
for (int 1=0; 1<4; 1++) a[1] = 1;
for (int 1=0; 1<4; 1++) printf("%f\n",a[1]);
free(a);
return 0;

}

OpenACC

pgCc++ -acc -Minto=accel WW_kernelL.cpp

__global__ void kernel(float *a) {
a[threadldx.x] = threadldx.x;

}

int main(void) {
int size = 4 * sizeof(float);
float *a;
cudaMallocManaged(&a, size);
kernel<<<1,4>>>(a);
cudaDeviceSynchronize();
for (int 1=0; 1<4; 1++) printf("%f\n",a[1]);
cudaFree(a);
return 0;

}

CUDA

nvcc -arch=sm_60 0Z2_unified.cu




Ol gang.cpp

int mainCvoid) { OpenACC

int size = 4 * sizeof(float);
float *a = (float*) malloc(size);
#pragma acc kernels loop gang(2) vector(2)
for (int 1=0; 1<4; 1++) a[1] = 1;
for (int 1=0; 1<4; 1++) printf("%f\n",a[1]);
free(a);
return 0;

}

int mainCvoid) { CUDA

int size = 4 * sizeof(float);

float *a;

cudaMallocManaged(&a, size);
kernel<<<2,2>>>(a);

cudaDeviceSynchronize();

for (int 1=0; 1<4; 1++) printf("%f\n",a[1]);
cudaFree(a);

return 0;

}

gang=block, worker=warp, vector=thread




02 copy.cpp

int mainCvoid) { OpenACC

int size = 4 * sizeof(float);
float *a = (float*) malloc(size);

#pragma acc kernels loop gang(2) vector(2) copyout(a)
for (int 1=0; 1<4; 1++) a[1] = 1;
for (int 1=0; 1<4; 1++) printf("%f\n",a[1]);
free(a);
return 0;

}

int mainCvoid) { CUDA

int size = 4 * sizeof(float);

float *a, *b = (float*) malloc(size);
cudaMalloc(&a, size);

kernel<<<2,2>>>(a);

cudaMemcpy(b, a, size, cudaMemcpyDeviceToHost);
for (int 1=0; 1<4; 1++) printf("%f\n",b[1]);
cudaFree(a);

free(b);

return 0;




03 _nbody.cpp

#pragma acc kernels loop gang(N/threads) vector(threads)
for (int 1=0; i<N; 1++) {

float p1 = 0;
float axi = 0;
float ayi = 0;

@.

float azi = 0;
float x1 = x[1];
float y1 = y[1];
float z1 = z[1];
for (int j=0; j<N; j++) {
float dx = x[J] - x1;
float dy = y[j] - y1i;
float dz = z[J] - z1i;
float RZ = dx * dx + dy * dy + dz * dz + EPSZ;
float invR = 1.0f / sqrtf(R2);
float invR3 = m[3] * invR * invR * 1invR;
pl1 += m[j] * 1nvR;
axi += dx * 1nvR3;
ayli += dy * 1nvR3;
azl += dz * 1nvR3;

}

p[i] = p1i;
ax[1] = axi;
ay[i] = ayi;

az[1] = azi;

OpenACC




