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Z )CIAC GPUSRTRISE

GPU =8 (NVIDIA GPU)

e (1) GPURIZFZ R AFERY
Hiz
(2) IR EARZ GPUTEAIIZ LIRS
3)FnBZ&ENITREFENGS, (EELIEARRRIEE
ﬁ ﬁ & oooooo
Z E E for (unsigned int i=0; i<N; i++)
c[i] = a[i] + bli] CPU
c[thread id] = a[thread id] + b[thread id] GPU
CUDA/OpenACC
for (unsigned int i=0; i<N; i+=64) GPU
if(thread id+i<N)
—’l\GPU—)T\iéﬁ—’PE% (i&*i) c[thread id+i] = a[thread id+i] + b[thread id+i]
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Z JcIAC CUDARSIE ISR

Talk is cheap. Show me the code.”, Linus Torvalds

OpenMP CUDA
#pragma omp parallel num_threads(3) __global__ void myFirstKernel()
{ {
#pragma omp for int idx = blockldx.x*blockDim.x + threadldx.x;
for(int i=0; i<9; ++i) if(idx<9)

{ printf("thread %d \n",idx);

nthreads = omp_get num_threads(); }

threads id = omp_get thread num();

printf(%d,%d,%d\n", nthreads, threads id, i); dim3 dimGrid(1);

} dim3 dimBlock(32);
} myFirstkernel< << dimGrid, dimBlock >>>();

cudaThreadSynchronize();

g++ filename.cc -fopenmp nvcc filename.cu
OpenMPIBfEFiTEHEEIS CUDA ESIMD, BERRSSEIR
Ziz LiRITT BN SENTEFRITRRE
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e Thread: #{iﬂgg$$ﬁ‘z Host Device
e Thread block: B S{ERYZIEH ends
Kern Block  Block | Block
e Cooperative Thread Array (CTA) ell 0,0) | (1,0) | (2,0)
o IFELLEIE Block” | Block \ Block
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e Grid: —#Hthread block Block (L, 1)
o LA14EE2484R47 m
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e Kernel: ZZGPU_ LTI OIER

e One kernel & one grid
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CUDARYRIEI=EY

a[0] | a[1] a[64] | a[65] a[128]la[129] a[192]|a[193]
+ + + + + + + + +
b[0] | b[1] b[64] | b[65] b[128][b[129] b[192][b[193]
cl0] | c[1] | .. |c[64]]|c[65]| .. |c[128][c[129]| .. |c[192]pb[193] ..
\ )\ ) \ J\ J
¥ y:
CPU Thread 0 CPU Thread 1 CPU Thread 2 CPU Thread 3
a[0] | a[1] a[64] | a[65] a[128][a[129] a[192])a[193]
+ + + + + + + + +
b[0] | b[1] b[64] | b[65] b[128]b[129] b[192][b[193]
cl0] | c[1] | .. |c[64]|c[65]] .. |c[128]|c[129]| .. |c[192]p[193] ..
 t0 t1 t63, t0 t1 t63, t0 t1 t63, t0 t1 163,
Threao?glock 0 Threao?lrolock 1 Threacﬁalock 2 Thread block 3
D AR
e e
GPU
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%//)QAC GPURYTFi#=S

| multiprocessor 3

| multiprocessor 2
multiprocessor 1
SIMD block
= thread 1
thread 1
gl
= thread 3 <
= thread 4
£
@
. p——

A ERMALMEFIB &N RiEFiERS: FEFESS (constant memory) fll
80B1FEsE (Texture memory)
- BHEMESEPHAEGTER, (BRBEFNE. SHEFMESHZEE) (RBH64KB)
- YIEEFEBAE—RENINEFHES, MECKIEEF, ARSIEETE, SUERIERT
ROSIERIKE
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CUDA AtxZfZiz

- EX:18%F=GPU; E£{l= CPU

- A= IETER S LRIRIERES

- EFNAITES TS LT XA

%

« —iIXPIT—1 A%, AZLAGridivT
- —HZIEMFINITE—CUDA Rt
- FiB%IEETHENNE, S %IEE

BHCHID, ARiTEAFILME
HlRR

CUDAZRIE

BRI 7 FBPR E1R A= BE

- _host _: REEHECPUNTT, MNEIRE
F

- _global : fE¥E#l (CPU) KiBHiE
A, FEEMNIRE (GPU) KBSRiEARAY
iR void

+ _device :EHIGPURBEHEAR. A
gEMEMCPURKEEHEHR

GPUEREZFEE
cudaMalloc(): BF LS HECEAZIE
cudaMemcpy() : host#l device Z

[E&HERE I
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%//) CIAC CUDARIESHI

int main( int argc, char** argv)

{

int *n_a; // pointer for host memory

int *d_a; // pointer for device memory

int numBlocks = 8; // define grid size

int numThreadsPerBlock = 8; // define block size

/[ Part 1 of 5: allocate host and device memory
size_t memSize = numBlocks * numThreadsPerBlock * sizeof(int);

h_a = (int *) malloc(memSize);
cudaMalloc( (void **) &d_a, memSize );

// Part 2 of 5: launch kernel

dim3 dimGrid(numBlocks);

dim3 dimBlock(numThreadsPerBlock);
myFirstKernel<<< dimGrid, dimBlock >>>(d_a);

cudaThreadSynchronize(); // block until the device has completed
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%//) CIAC CUDARIESHI

Il check if kernel execution generated an error
check CUDAError("'kernel execution');

/[ Part 4 of 5: device to host copy
cudaMemcpy( h_a, d_a, memSize, cudaMemcpyDeviceToHost );
I/l Check for any CUDA errors
check CUDAETrror(*'cudaMemcpy™);

I free device memory
cudaFree(d_a);
/Il free host memory
free(h_a);
Il 1f the program makes it this far, then the results are correct and
// there are no run-time errors. Good work!
printf(*Correcthn®); __global __ void myFirstKernel(int *d_a)
return 0; {
} int idx = blockldx.x*blockDim.x + threadldx.x;
d_a[idx] = 1000*blockldx.x + threadldx.x;

}
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%//) CIAC CUDARTEIIZ

Example 1: Addition (N elements)
1 thread for one addition
« 64 threads per block
« ceil(N/64) thread blocks

a[0] | a[1] a[64]|a[65]| .. [a[128]a[129] .. a[n]
+ + + + + + +
b[0] | b[1] b[64] | b[65]| .. [b[128]b[129] ... .. | b[n]
c[0] | c[1] .. | c[64]|c[65]| .. |c[128]|c[129]| .. c[n]
- t0 t1 t63J\ t0 t1 t63j\ t0 t1 t63/\ tn%Gj
N P o Tk A
Thread block 0 Thread block 1 Thread block 2 Thread block ceil(N/64)
AR, A
S
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Addition (CPU code)
for (i=0;i<N;i++){
h_c[i] =h_a[i] + h_DJi];}

Addition(GPU code)
| = blockldx.x*blockDim.x + threadldx.x;
h_c[i] = h_ali] + h_Db[i];
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%//) CIAC CUDARTEIIZ

Example 2: Matrix multiplication
o U= A xB
- One thread for one element of C
- 16x16 threads in one thread block
- ceil(C.width/16) x ceil (C.width/16) thread blocks

One thread
block —
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%%/) CIAC CUDARTEIIZ

Matrix multiplication (CPU code)
for (i = 0; 1 < ha; ++i){
for (j = 0; ] < wb; ++)){
sum = 0;
for (k = 0; k < wa; ++k){
sum += (float)h_a[i*wa + K]*(float)h_b[k*wb + |];}
h_c[i*wb+j] = (float)sum;}}

Matrix multiplication (GPU code)
row = blockldx.x*blockDim.x + threadldx.x;
col = blockldx.y*blockDim.y + threadldx.y;
if(row<ha&é&col<wb){
for (1=0;1<wa;it+) {
sum +=d_afrow*wa + i]*d_Db[i*wb + col];}
d_c[row*wb + col] = sum;}
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%%/) CIAC CUDARTEIIZ

Example 3: Parallel Reduction

Values (shared memory)

10
Step 1 Thread
Stride 8 IDs
Values | 8
8

Y 100 WS 00 P o T 1l Tl o A it O Rvann o ane a8 ol M o i 0 o e

Step 2 Thread
Stride 4 IDs

Values

Step 3 Thread :
Stride 2 IDs

1
2
7
Values | 21 | 20
20

o T P
10| 6
LB L Y e S e
13 | 13

Step 4 Thread 6/
Stride 1 IDs
Values |_4*1

13(13| 0|9 |3 |7 |=2|=3[2]|7|0|1M]0] 2

20



%%/) CIAC CUDARTEIIZ

Parallel Reduction (CPU code)
collect ion= 0.0;
for (I=0;i<N;i++){
collect ion = collection + h_a[i] }

Parallel Reduction (GPU code)

int offs = blockDim.x >> 1;

while (offs > 0) {
if (threadldx.x < offs) {

d_afthreadldx.x] += d_a[threadldx.x + offs];}
offs >>= 1,
__syncthreads(); }
collection = d_al0];
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