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Uepapxma namartm (comp. capability >= 3.0)

obanbHaa namatb (global memory)

GPU Grid
o OTHOCUTENBHO MeaNeHHaA
o Kewwunpyetca Block (0, 0) Block (1, 0)
o CoaeprKMMoe CoXpaHaeTca meXay 3anyckamu aaep
MamATb KOHCTAHT (constant memory)
o Coaep*UT KOHCTaHTbl U aprymeHTbl A4ep
o Kewwupyetcs Thread (0,0) Thread (1,0)  Thread (0,0) Thread (1, 0)
o 64 KiB / GPU (8 KiB const. cache per SM)
Paspgenaemasn namartb (shared memory) i i

o bbicTpan
o HekKkewwunpyetca

CPU

JlokanbHaa namarb (local memory)
o YacTtb rmobanbHOM NamaATH
o Kewwunpyetca

Peructpsi (32 bit, 65536 / block)



Uepapxma namartm (comp. capability >= 3.0)

O6baBneHue

int localArray[10];

__device  int globalvar;
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|
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Uepapxma namartm (comp. capability >= 3.0)

HaknagHble GPU Grid
pacxoapl

O6baBneHue MamAaTb

Block (0, 0) Block (1, 0)

|

Thread (0, 0) Thread (1, 0)

int localArray[10]; local 100x

__device_  int globalVar; global 100x ! !

Thread (0, 0) Thread (1, 0)

CPU




Uepapxma namatu

FERMI | FERMI | KEPLER | KEPLER | KEPLER
GF100 | GFl04 | GK104 | GKi10 | GK210
Compute Capability 2.0 2.1 3.0 3.5 3.7
Threads / Warp 32
Max Threads / Thread Block 1024
Max Warps / Multiprocessor 64
Max Threads / Multiprocessor 1536 2048
Max Thread Blocks / Multiprocessor 16
32-bit Registers / Multiprocessor 32768 65536 131072
Max Registers / Thread Block 32768 65536 65536
Max Registers / Thread 63 255
Max Shared Memory / Multiprocessor 48K 112K
Max Shared Memory / Thread Block 48K
Max X Grid Dimension 2716-1 2n32-1
Hyper-Q No Yes
Dynamic Parallelism No Yes




Ucnonb3oBaHue nepapxum namaru (thread local)

// 3arpyxaem AaHHble U3 rnobanbHoOM NaMATU B peruncTp
float localA = dA[blockIdx.x * blockDim.x + threadIdx.x];

// BblMMCNEeHMA Hah AaHHLIMU B perucrpax
float res = f(localA);

// 3anucbiBaeM pe3ynbTaT B rnob6anbHyw NamMATb
dA[blockIdx.x * blockDim.x + threadIdx.x] = res;



Ucnonb3oBaHue nepapxum namatm (block local)

// 3arpyxaem AaHHble U3 rnobanbHoOU NamMATU B pasfensaemyn
__shared  float sharedA[BLOCK SIZE];

int idx = blockIdx.x * blockDim.x + threadIdx.x;
sharedA[threadIdx.x] = dA[idXx];

__syncthreads(); // 6apbepHas CUHXpPOHU3aUUA NOTOKOB 6noKa

// BblMMCNEeHUs HaA OaHHbBIMM B pa3aesiaeMoin MamMATU
float res = f(shared[threadIdx.x]);

// 3anucbiBaeM pe3ynbTaT B rnob6anbHyw namaTb
dA[idx] = res;



YMHoOXeHue martpuy (CPU)

void sgemm_host(float *a, float *b, float *c, int n)
{
for (int 1 = 0; 1 < n; i++) {
for (int j = 0; j < n; j++) {
float s = 0.0;
for (int k = 0; k < n; k++)
s += a[i * n + k] * b[k * n + j];
c[i *n+ j] = s;




YMHoKeHune matpuu, (CUDA naive)

= KaxKabl¥ NOTOK BbIYUCAAET OAUH 3/IEMEHT pe3yabTupytowwen matpuubl C
= O6uwee yncno notokos N * N

__global  void sgemm(const float *a, const float *b, float *c, int n)

{
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for (int k = 0; k < n; k++)
s += a[row * n + k]_* b[k * n + col];
c[row * n + col] = s;
} Kaxabii noToK obpallaercs K
rnobanbHON NamaTH
(n loads + 1 store)
int threadsPerBlockDim = 32;
dim3 blockDim(threadsPerBlockDim, threadsPerBlockDim, 1);
int blocksPerGridDimX = ceilf(N / (float)threadsPerBlockDim);
int blocksPerGridDimY = ceilf(N / (float)threadsPerBlockDim);
dim3 gridDim(blocksPerGridDimX, blocksPerGridDimY, 1);
sgemm<<<gridDim, blockDim>>>(d_A, d B, d C, N);

C

http://users.wfu.edu/choss/CUDA/docs/Lecture%205.pdf



http://users.wfu.edu/choss/CUDA/docs/Lecture 5.pdf

YMHOXXeHune matpuy, ¢ pasgenaemon namartbio (tiled)

Kaxabin anemeHT matpuubl C BbIMNCAAETCA OAHUM NOTOKOM

BbluncneHns pa3buTbl Ha HECKO/IbKO CTagMin — Mo Yncny

noamaTpuL,

cli,jl = a[i,01*b[0,j] + a[i,1]1*b[1,j] + a[i,2]*b[2,j] + a[i,3]*b[3,j] +

ali,4]*b[4,j] + a[i,5]*b[5,j] + ali,6]*b[6,j] + a[i,7]*b[7,j] +

a[i,8]*b[8,j] + a[i,9]1*b[9,j] + a[i,10]*b[10,j] + a[i,11]*b[11,j] +

Ha Kaxkaou ctagmu 3arpykaem

noamatpuubl B pasgeidemyro nNaMAaTb

U BblHNCNIAEM HaCTb PE3Y/1bTATOB

BCEMM NOTOKamMmM H610Ka

Astart = blockldx.y * blockDim.y * N

Astep = blockDim.x

Bstart = blockldx.x * blockDim.x

Bstep = N * blockDim.x




YMHOXXeHune matpuy, ¢ pasgenaemon namartbio (tiled)

__global  void sgemm_tailed(const float *a, const float *b, float *c, int n)

{

int tail size = blockDim.x;

int tx = threadIdx.x;

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

// Result for c[i, j]

float sum = 0.0;

// Index of first tail (sub-matrix) in A

int Astart = by * n * tail size;

int Aend = Astart + n - 1;

int Astep = tail size;

// Index of first tail (sub-matrix) in B

int Bstart = bx * tail size;

int Bstep = n * tail size;




YMHOXXeHune matpuy, ¢ pasgenaemon namartbio (tiled)

__shared _ float as[BLOCK SIZE][BLOCK SIZE];
__shared  float bs[BLOCK SIZE][BLOCK SIZE];

int ai Astart;

int bi Bstart;

while (ai <= Aend) {
// Load tail to shared memory - each thread load one item
as[ty][tx] = a[ai + ty * n + tx];
bs[ty][tx] = b[bi + ty * n + tx];

// Wait all threads
__syncthreads();

// Compute partial result
for (int k = 0; k < tail size; k++)
sum += as[ty][k] * bs[k][tx];

// Wait for all threads before overwriting of as and bs
__syncthreads();

ai += Astep;
bi += Bstep;
}

int Cstart = by * n * tail_size + bx * tail_size;
c[Cstart + ty * n + tx] = sum;



YMHOXeHue matpuy,

GeForce GTX 680

Tailed version
CUDA kernel launch with 1024 (32 32)
blocks of 1024 (32 32) threads
CPU version (sec.): 3.517567
GPU version (sec.): 0.009149
Memory ops. (sec.): ©.002338
Memory bw. (MiB/sec.): 5133.26
CPU GFLOPS: 0.61
GPU GFLOPS: 234.72
Speedup: 384.47
Speedup (with mem ops.): 306.23

Naive version
CUDA kernel launch with 1024 (32 32)
blocks of 1024 (32 32) threads
CPU version (sec.): 2.824214
GPU version (sec.): 0.023105
Memory ops. (sec.): 0.002345
Memory bw. (MiB/sec.): 5117.08
CPU GFLOPS: 0.76
GPU GFLOPS: 92.94
Speedup: 122.23
Speedup (with mem ops.): 110.97

x2.5

GeForce GT 630

Tailed version
CUDA kernel launch with 1024 (32 32)
blocks of 1024 (32 32) threads
CPU version (sec.): 3.009662
GPU version (sec.): 0.089633
Memory ops. (sec.): 0.002516
Memory bw. (MiB/sec.): 4769.42
CPU GFLOPS: 0.71
GPU GFLOPS: 23.96
Speedup: 33.58
Speedup (with mem ops.): 32.66

Naive version
CUDA kernel launch with 1024 (32 32)
blocks of 1024 (32 32) threads
CPU version (sec.): 3.101753
GPU version (sec.): 0.254254
Memory ops. (sec.): 0.002534
Memory bw. (MiB/sec.): 4735.76
CPU GFLOPS: 0.69
GPU GFLOPS: 8.45
Speedup: 12.20
Speedup (with mem ops.): 12.08

x2.8



