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1 CUDA EHiti[=]/m

GPU ZRMLURZ 4 (SM) ATTETT, 81 SM 8&% 1 CUDA Core MIEZRNEFHIR, LZHARA
lGrid — Block = Warp — Thread) BIEHLEN, Hf Warp 177 32 4EREE ST, HRITHEREZTM
EFtEE. CUDAMAEZERREEERREF. HERE. FEHRFZIESR, UFERHRERKREK (913
#), 2BAFLERRS (£ 200 F). ERXERMERMATIIERE:,

2 CUDA Egeffifttzitii R

2.1 AFHEMRK

2RBNEFENEHIFE (Coalesced Memory Access) 2LILES. HEEER (Warp) HHLEIFIEESA
EHIEE, GPU A2 MAREGHAENES, UTREBERT RMMUSHAEHNRELRIETLL:

/] R BEIHRSBRAFEESSIH
__global__ void copyStrided(float* dst, float* src, int stride) {
int idx = threadIdx.x + blockIdx.x * blockDim.x;

dst[idx # stride] = src[idx #* stride];

/] Rt ESIARIKRIEH

__global__ void copyCoalesced(float* dst, float* src) {
int idx = threadIdx.x + blockIdx.x * blockDim.x;
dst[idx] = src(idx];

}

AHERENAS, Bank Conflict @A, RISHEREXDN 32 1 Bank, HE— Warp RS
#2iAEE— Bank AREMULES, RSEBTHIAE. BITIRBLIERSEHNEHREADER LB, F0
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ERERERBITRRRR AT,

22 HEHFRMRK

Warp Divergence H&#H7%51%, SHE— Warp AEZEHITARRBERZR. MUREEIEENDZEZE
fEFRERTIRIE, BN, RLATHRMEHIMT:

if (threadIdx.x % 2 == 0) {
Il 3% A

} else {
/] 3% B

1

BEWRNETHBLIE ID WHITIHE, LR Divergence., IbFh, Warp Shuffle 18$ A FAREERREE
PR, BRBIHZEAEFETR, UTRBERMER __shfi_xor_sync SSIFLIIRIE:

int val = data[threadIdx.x];
for (int offset = 16; offset > 0; offset /= 2)
val += __shfl_xor_sync(Oxffffffff, val, offset);

23 EIRMKL

BREFR (FP32) zHEMHEREENEE (FP64) B9 32 &, RILTEEERITRMMAER FP32, CUDA
Rt __expf. __sinf FRERL, HEELINEFRIHIR 2-5 & RFRERERIEHRE—E, BMERE
BRIt TR, TBILERNENTNEEEREMNARMA:

__shared__ float local_sum[256] ;
local_sum[threadIdx.x] = partial_sum;

syncthreads();

/] RAYVIL
for (int stride = blockDim.x/2; stride > 0; stride >>= 1) {
if (threadIdx.x < stride)
local_sum[threadIdx.x] += local_sum[threadIdx.x + stride];

__syncthreads();

if (threadIdx.x == 0)
atomicAdd(global_sum, local_sum(0G]);
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3 SKERZGIEMN
3.1 FEREFEAMK

MERELIMEEARABEARIN T AERAFBNERS, VRREERANEERE:

__global__ void matmul_naive(float* C, float* A, float* B, int N) {

int row = blockIdx.y * blockDim.y + threadIdx.y;
int col = blockIdx.x * blockDim.x + threadIdx.x;
float sum = 0.0f;
for (int k = 0; k < N; k++)

sum += A[row*N + k] #* B[k*N + col];
Clrow*N + col] = sum;

}

HEhRA T HIBELL A 1.2 (B 2 RAFHRIT 1RFM), HERBTAETR. SINEKERESR (Tiling)

&, STEERBBIERMBEAZAE:

__global__ void matmul_tiled(float* C, float* A, float* B, int N) {

__shared__ float As[TILE][TILE];

_ float Bs[TILE][TILE];

int bx = blockIdx.x, by = blockIdx.y;
int tx = threadIdx.x, ty = threadIdx.y;

__shared_

float sum = 0.0f;

for (int t = 0; t < N/TILE; t++) {
As[ty] [tx] = A[(by*TILE + ty)*N + (t*TILE + tx)]:
Bs[ty] [tx] B[ (t*#TILE + ty)*N + (bx*TILE + tx)];

syncthreads();

for (int k = 0; k < TILE; k++)
sum += As[ty] [k] * Bs[k][tx];
__syncthreads();

}
C[(oy*TILE + ty)*N + (bx*TILE + tx)] = sum;

}

MUBHEIBELRAZE TILE:2, & TILE=32 HIZIRRA 16 &, #—PEAFTHEREFEIFNNE HRATT

i@ cuBLAS 148,
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3.2 ERGEMRK

BHNERNERIRFAEIEERNFFHEIEREAY, HEAFEFEGR, LEORFHN, EAKRGERN
T REAZRER.:

20

22

24

__constant__ float gaussian_kernel [KERNEL_SIZE];

__global__ void gaussian_filter(unsigned char* output, const unsigned char* input,
int width, int height) {

_ unsigned char smem[BLOCK_SIZE + 2%R] [BLOCK_SIZE + 2%R];

int x = blockIdx.x * blockDim.x + threadIdx.x - R;

__shared_

int y = blockIdx.y * blockDim.y + threadIdx.y - R;

/] MET BXEEEZAE

if (x >= 0 &8 x < width && y >= 0 && y < height)
smem[threadIdx.y] [threadIdx.x] = input[y*width + x];
syncthreads();

/1 ANREEZIH RS
if (threadIdx.x >= R && threadIdx.x < BLOCK_SIZE+R &&

threadIdx.y >= R && threadIdx.y < BLOCK_SIZE+R) {

float sum = 0.0f;

for (int dy = -R; dy <= R; dy++)

for (int dx = -R; dx <= R; dx++)
sum += gaussian_kernel[(dy+R)*KERNEL_SIZE + (dx+R)] =*
smem([threadIdx.y + dy] [threadIdx.x + dx];
output [ (blockIdx.y*BLOCK_SIZE + threadIdx.y - R)*width +
(blockIdx.x*BLOCK_SIZE + threadIdx.x - R)] = (unsigned char)sum;

3.3 REFIMEMRK

EHRBHRMNA Winograd BIATFITEEREM O(n?) BE O(n!58), ZRERABSMEEEHA—
Kernel, B AEIEREFME. UTHABET RelU S5ERIRE:

1| __global__ void fused_conv_relu(float* output, const float* input,

3

const float* weights, int N) {
/] BITERITE

float conv_result = ...;
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/! BRI RelU BUE
output [idx] = fmaxf(conv_result, 0.0f);
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