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SIMT vs SIMD

PaccmoTpuM, Kak BbluMcneHus byayT pacnpeneneHbl MexAy NoTokaMu/HuTaMu B cneaytotem unkie (N > KonuyecTBo HUTeN):

*B, *C = = =

’ float *A, .5 for (int i Q; 1 < N; i++) A[i] B[i] + C[i];

m SIMD-cxema ans CPU ¢ nopaepxkoit AVX-512 (512-6uTHble BEKTOPHbIE PerncTpbl

- Xeon Phi n 2015’ CPU):

zvm zvm zvm zvm zvm zvm zMm zMm MM
128 bytes 128 bytes 128 bytes 128 bytes 128 bytes 128 bytes 128 bytes 128 bytes 128 bytes
Ywm Ywm Ywm Y Y Yim Y Ymm Y
XMMm XMM XMM XM XMM XMM XMM XM XMM
thread 1 thread 1 thread 1 i thread 2 thread 2 thread 2 thread N thread N thread N
m SIMT-cxema ans CUDA/GPU c 32 HuTamu B Bapne:
block 1 block 2 bock N bock 1 block 2 bock | bock 1 bock 2 bokn |
N i | i
U128byies 128 byles‘ 128bytes 128 bytes' | 128bytes 128 byles| 128 bytes 128 b'yles! 128bytes 128 bytes! {128bytes 128 bytes; | 128bytes 128 byles! 128bytes 128 bytes: {128bytes 128 bytes|
10 0. R - «« [ HIINICD-- NN - NI - - -
i ! | i | | i i
| w1 warp N | warp 1 warp N warp 1 wapN | warp 1 warpN | warp 1 warp N warp 1 wamp N | | warp1 wapN | warp 1 warp N warp 1 warp N

[ - thread (lightweight GPU-thread)

=> SIMT no3sonsier CUDA GPU npou3BoauTb “BeKTOPHbIE” BbIYMCIEHMS C MOMOLLbIO CKaNSPHbIX SAEp, YTO ropasfo npotue, Yem
3aCTaBUTb KOMMUSTOP aBTOMATUYECKM BEKTOPM30BaTb Koz, A1 CPU 1 y TOUHO Mnpolle, YeM BEKTOPU30BaTb €ro BpyUHYHo.

Anexceit MBaxH

(APC LLC) Bsenenune 8 CUDA

espans, 2017 3/19



CUDA in a nutshell

Mmes npepctaBnenne 06 MPI n OpenMP, oueHb nerko noHats ycrporicteo CUDA:

MPI+OpTMP app CUDA Kernel
== Gt g (B [T g
] )
e - R L o)
i L

block

= CUDA GPU - 310 =~ MPI+OpenMP knacTtep B MMKpomacLuTabe, noMeLLeHHbIi B 11-a10iMOBY0 KOpobOouUKy!




CUDA BbluncnutenbHas cetka (compute grid)
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CUDA compute grid
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int main(int argc, char* argv[]) {
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MPI_Comm_size(MPI_COMM_WORLD, &grid_dim);

#pragma omp parallel

{
printf(”Hello from b #%d of %d, t #%d of %d!\n”,

block_idx, grid_dim,
omp_get_thread_num(), omp_get_num_threads());

MPI_Finalize();
return 0;
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int block_idx, grid_dim;
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block_idx, grid_dim,
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CUDA compute grid

mpi_openmp_test.c cuda_gpu_test.cu

int main(int argc, char* argv[]) { __global__ void gpu_kernel() {
MPI_Init(&argc, &argv);

int block_idx, grid_dim; int block_idx, grid_dim;
MPI_Comm_rank(MPI_COMM_WORLD, &block_idx); block_idx = blockIdx.x;
MPI_Comm_size(MPI_COMM_WORLD, &grid_dim); grid_dim = gridDim.x;

#pragma omp parallel

{
printf(”Hello from b #%d of %d, t #%d of %d!\n”, printf(”Hello from b #%d of %d, t #%d of %d!\n”,
block_idx, grid_dim, block_idx, grid_dim,
omp_get_thread_num(), omp_get_num_threads()); threadIdx.x, blockDim.x);

MPI_Finalize();
return 0;

$ OMP_NUM_THREADS=2 mpirun —mp 2 ./mpi_openmp_test
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CUDA compute grid
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[Mamatb GPU<>namaTb xocTa

m Jlyyluas npoM3BOAMUTENIbHOCTb AOCTUIAETCS, KOraa, AaHHble XpaHaTtcsa B namati GPU DRAM
m HeobxoanMmo Bbigenuntb namsaTtb B obnact GPU DRAM u ckonmpoBath faHHble ¢ xocTa Ha GPU:

int main()
{
int nthreads = 4, nblocks = 4;
int n = nthreads * nblocks * 4;
int¥* host_data = (int*)malloc(n * sizeof(int));
int* gpu_data = NULL;
CUDA_ERR_CHECK( cudaMalloc(&gpu_data, n * sizeof(int)) );
gpu_kernel<<<nblocks, nthreads>>>(gpu_data);
CUDA_ERR_CHECK( cudaGetLastError() );
CUDA_ERR_CHECK( cudaMemcpy(host_data, gpu_data, n * sizeof(int), cudaMemcpyDeviceToHost) );
CUDA_ERR_CHECK( cudaFree(gpu_data) );
for (int 1 = 0; 1 <n; i += 4)
printf(”Hello from b #%d of %d, t #%d of %d!\n”,
host_data[i], host_data[i+1], host_data[i+2], host_data[i+3]);
free(host_data);
return 0;
3
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3

m TexHonorusa NVLink no3BonsieT koay xocTa Hanpsimyto B3aumogencrsosatb ¢ GPU (Ha nopaepuBaembix
apXuTeKTypax — Ha AaHHbIM MOMeHT IBM Power 8+,9)
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-

$ nvcc -03 cuda_gpu_data.cu -o cuda_gpu_data
$ ./cuda_gpu_data

(APC LLC)
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m fapo CUDA He aBnsieTcs cCaMoCToSTeNIbHOM NporpamMMol, ero TpebyeTcs Bbi3BaTb M3 “XOCTOBOr0”
MPUNOXKEHMS
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Mbl Tonbko YTO Hanucanu Hawy nepsyto CUDA nporpammy!
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OpenMP
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NTor

Mbl Tonbko YTO Hanucanu Hawy nepsyto CUDA nporpammy!
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GPU nmeet BcTpoeHHyt0 namMsate DRAM, He3aBUCKMMYHO OT NAMSATU XOCTa; AaHHbIE MEXAY HUMU
HeobXxo4MMO KONMPOBATb BPYUHYHO

Bcerna npeoepsiTe cTaTyc Bo3BpaLlaeMbix owmnbok BbizoBa CUDA (Hanpumep, C NOMOLLbO
CUDA_ERR_CHECK)
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CUDA compute grid

CUDA nopnepxusaet 1-3 nsmepeHus:
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CUDA compute grid

CUDA nopnepxusaet 1-3 nsmepeHus:

gpu_kernel<<<4, 2>>>(...);
— 4 610Ka Mo 2 HUTU B KaXXa0M
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CUDA compute grid

CUDA nopnepxusaet 1-3 nsmepeHus:

Grid
. block(0, 0) block(o, 1) o block(0, n-1)
gpu_kernel<<<4, 2>>>( T ) ’ block(1, 0) block(1, 1) block(1,n-1)
— 4 6noka no 2 HUTK B KaXA0M ! !
gpu_kernel<<<dim3(8, 4, 1), dim3(4, 2, 1)>>>(...); | |
— 8X4 670KOB M0 4X 2 HUTU B KAXKAOM Olockir1,0 [(""?\""””"’7’” |
thread(0, 0) thread(0, 1)
; b
Y threadtcr,0 | [ thveadscrin
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CUDA compute grid

CUDA nopnepxusaet 1-3 nsmepeHus:

Grid
. block(0, 0) block(0, 1) block(0, n-1)
gpu_kerne1<<<4, 2>>>( toe ) ’ block(1,0) block, ) | | block(1,n-1)
— 4 6n0Ka NO 2 HUTU B KaXXA0M ! o
gpu_kernel<<<dim3(8, 4, 1), dim3(4, 2, 1)>>>(...); | | |
— 8X4 GNOKOB M0 4 X2 HUTK B KaXA0M blockim1,0 l Dlockim 11) l lb’“k'm"”

gpu_kernel<<<dim3(16, 8, 4), dim3(8, 4,

>>>(...); qp
2) ( ) V| thread(0,0) thread(0, 1)

— 16X 8X4 65110KOB N0 8 X4 X2 HATU B KaXXA0M

I
I
s |
{ threadtcro || hveadtcr, 1)
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CUDA compu

grid (advanced)

CUDA compute grid nogaepxusaet 1-
3 “3MepeHus = YBMpPOLLAET NepeHoc
MHOroMepHbIX LmknoB B GPU sapa:

for (int k = 0; k < nk; k++)
for (int j = 0; j < nj; j++)
for (int 1 = 0; 1 < ni; i++)
{
int ddx = i + ni * j + nj * ni * k;
data[idx] = idx;

__global__

{
int k = blockIdx.z *
int j = blockIdx.y *
int i = blockIdx.x *
int idx = i + ni * j
data[idx] = idx;

3

gpu_kernel<<<dim3(max(1,
max(1,

max(1,

ni, nj, nk,

void gpu_kernel(int ni, int nj, int nk,

blockDim.z + threadIdx.z;
blockDim.y + threadIdx.y;
blockDim.x + threadIdx.x;

+nj ¥ ni * k;

roundup(ni, 16) / 16),
roundup(nj, 8) / 8),

int* data)

if (k >= nk) return;
if (j >= nj) return;
if (i >= ni) return;

roundup(nk, 8) / 8)), dim3(16, 8, 8)>>>(

gpu_data);

CUDA_ERR_CHECK( cudaGetLastError() );

K.T.H. Anekceit MBaxHeHko (APC LLC)

Bsenenune 8 CUDA

®espans, 2017

12/19




rid (advanced)

CUDA compute grid nogaepxusaet 1-
3 “3MepeHus = YBMpPOLLAET NepeHoc
MHOroMepHbIX LmknoB B GPU sapa:

for (int k = 0; k < nk; k++)
for (int j = @; j < nj; j++)

for (int 1 = @; i < ni; i++)

{
int ddx = i + ni * j + nj * ni * k;
data[idx] = idx;

}

m CUDA “npsyet” umknbl B napameTpbl

__global _
{

_ void gpu_kernel(int ni, int nj, int nk,
int k = blockIdx.
int j = blockIdx.
int i = blockIdx.x

blockDim.z + threadIdx.z;
blockDim.y + threadIdx.y;
blockDim.x + threadIdx.x;

< N
* kK

int idx =i + ni * j + nj * ni * k;
data[idx] = idx;

gpu_kernel<<<dim3(max(1, roundup(ni, 16) / 16),
max(1l, roundup(nj, 8) / 8),
max(1l, roundup(nk,

ni, nj, nk, gpu_data);

CUDA_ERR_CHECK( cudaGetLastError() );

int* data)

if (k >= nk) return;
if (j >= nj) return;
if (i >= ni) return;

8) / 8)), dim3(16, 8, 8)>>>(

3anycka sapa
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CUDA compute grid (advanced)

CUDA compute grid nogaepxusaet 1-
3 “3MepeHus = YBMpPOLLAET NepeHoc
MHOroMepHbIX LmknoB B GPU sapa:

for (int k = 0; k < nk; k++)
for (int j = 0; j < nj; j++)
for (int 1 = 0; 1 < ni; i++)
{
int ddx = i + ni * j + nj * ni * k;
data[idx] = idx;

m CUDA “npsyet” umknbl B napameTpbl

__global__ void gpu_kernel(int ni, int nj, int nk,
{
int k = blockIdx.z * blockDim.z + threadIdx.z;
int j = blockIdx.y * blockDim.y + threadIdx.y;
int i = blockIdx.x * blockDim.x + threadIdx.x;
int idx =i + ni * j + nj * ni * k;
data[idx] = idx;
3

gpu_kernel<<<dim3(max(1, roundup(ni, 16) / 16),
max(1l, roundup(nj, 8) / 8),
max(1l, roundup(nk,

ni, nj, nk, gpu_data);

CUDA_ERR_CHECK( cudaGetLastError() );

int* data)

if (k >=
if (3 >=
if (i >=

nk) return;
nj) return;
ni) return;

8) / 8)), dim3(16, 8, 8)>>>(

3anycka sapa

m VHTepBasbl pacnpenensoTcs Mexay
HUTSMU 1 BNOKaMU HUTEW
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CUDA compute grid (advanced)

CUDA compute grid nogaepxusaet 1-
3 “3MepeHus = YBMpPOLLAET NepeHoc
MHOroMepHbIX LmknoB B GPU sapa:

for (int k = 0; k < nk; k++)
for (int j = 0; j < nj; j++)
for (int 1 = 0; 1 < ni; i++)
{
int ddx = i + ni * j + nj * ni * k;
data[idx] = idx;

m CUDA “npsyet” umknbl B napameTpbl

__global__

{
int k = blockIdx.z *
int j = blockIdx.y *
int i = blockIdx.x *
int idx = i + ni * j
data[idx] = idx;

3

gpu_kernel<<<dim3(max(1,
max(1,

max(1,

ni, nj, nk,

void gpu_kernel(int ni, int nj, int nk,

blockDim.z + threadIdx.z;
blockDim.y + threadIdx.y;
blockDim.x + threadIdx.x;

+nj ¥ ni * k;

roundup(ni, 16) / 16),
roundup(nj, 8) / 8),

int* data)

if (k >= nk) return;
if (j >= nj) return;
if (i >= ni) return;

roundup(nk, 8) / 8)), dim3(16, 8, 8)>>>(

gpu_data);

CUDA_ERR_CHECK( cudaGetLastError() );

3anycka sapa

m VHTepBasbl pacnpenensoTcs Mexay
HUTSMU 1 BNOKaMU HUTEW

m KonuyectBo 610K0B OKpyrisieTcs YTobbl
MOKPbITb OCTaTOUHbIE 3N1EMEHTbI
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CUDA compute grid (advanced)

CUDA compute grid nogaepxusaet 1-
3 “3MepeHus = YBMpPOLLAET NepeHoc
MHOroMepHbIX LmknoB B GPU sapa:

for (int k = 0; k < nk; k++)
for (int j = 0; j < nj; j++)
for (int 1 = 0; 1 < ni; i++)
{
int ddx = i + ni * j + nj * ni * k;
data[idx] = idx;

m CUDA “npsyet” umknbl B napameTpbl

__global__

{
int k = blockIdx.z
int j = blockIdx.y
int i = blockIdx.x
int idx = i + ni *
data[idx] = idx;

3

*

*

gpu_kernel<<<dim3(max(1,
max(1,

max(1,

ni, nj, nk,
CUDA_ERR_CHECK( cudaGetLastError() );

void gpu_kernel(int ni, int nj, int nk,

blockDim.z + threadIdx.z;
blockDim.y + threadIdx.y;
blockDim.x + threadIdx.x;

+nj ¥ ni * k;

roundup(ni, 16) / 16),
roundup(nj, 8) / 8),

int* data)

if (k >= nk) return;
if (j >= nj) return;
if (i >= ni) return;

roundup(nk, 8) / 8)), dim3(16, 8, 8)>>>(

gpu_data);

3anycka sapa

m VHTepBasbl pacnpenensoTcs Mexay
HUTSMU 1 BNOKaMU HUTEW

m KonuyectBo 610K0B OKpyrisieTcs YTobbl
MOKPbITb OCTaTOUHbIE 3N1EMEHTbI

m YTo ecnm uHTepBan 6onblue Yem
MaKCMManbHbI pasmep gridDim X
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CUDA compute grid (advanced)

CUDA compute grid nogaepxusaet 1-
3 “3MepeHus = YBMpPOLLAET NepeHoc
MHOroMepHbIX LmknoB B GPU sapa:

for (int k = 0; k < nk; k++)
for (int j = 0; j < nj; j++)
for (int i 0; i < ni; i++)

{

int idx i+ni*j+nj*ni*k;
data[idx] = idx;

__global__ void gpu_kernel(int ni, int nj, int nk, int¥* data,
int i_inc, int j_inc, int k_inc)
{
for (int k = blockIdx.z * blockDim.z + threadIdx.z; k < nk; k += k_inc)
for (int j = blockIdx.y * blockDim.y + threadIdx.y; j < nj; j += j_inc)
for (int i = blockIdx.x * blockDim.x + threadIdx.x; i < ni; i += i_inc)
{
int idx =i +ni ¥ j + nj * ni * k;
data[idx] = idx;
i
3

struct cudaDeviceProp props;

CUDA_ERR_CHECK( cudaGetDeviceProperties(&props, 0) );
dim3 max_grid;

max_grid.x = props.maxGridSize[0];

max_grid.y = props.maxGridSize[1];

max_grid.z props.maxGridSize[2];

gpu_kernel<<<dim3(min(max(1l, roundup(ni, 16) / 16), rounddown(max_grid.x, 16))
min(max(1, roundup(nj, 8) / 8), rounddown(max_grid.y, 8)),
min(max(1, roundup(nk, 8) / 8), rounddown(max_grid.z, 8))),
dim3(16, 8, 8)>>>(ni, nj, nk, gpu_data,
min(max(1, roundup(ni, 16) / 16), rounddown(max_grid.x, 16)) * 16
min(max(1l, roundup(nj, 8) / 8), rounddown(max_grid.y, 8)) * 8,
min(max(1, roundup(nk, 8) / 8), rounddown(max_grid.z, 8)) * 8)

CUDA_ERR_CHECK( cudaGetLastError() );
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CUDA compute grid (advanced)

CUDA compute grid nogaepxusaet 1-
3 “3MepeHus = YBMpPOLLAET NepeHoc
MHOroMepHbIX LmknoB B GPU sapa:

for (int k = 0; k < nk; k++)
for (int j = 0; j < nj; j++)
for (int 1 = 0; 1 < ni; i++)
{
int ddx = i + ni * j + nj * ni * k;
data[idx] = idx;

m MOXHO 06pabaTbiBaTb MHOXECTBO TOUEK
B OALHOW HUTU (=> CHOBA NOSABNAOTCS
LMK NbI)

__global__ void gpu_kernel(int ni, int nj, int nk, int¥* data,
int i_inc, int j_inc, int k_inc)
{
for (int k = blockIdx.z * blockDim.z + threadIdx.z; k < nk; k += k_inc)
for (int j = blockIdx.y * blockDim.y + threadIdx.y; j < nj; j += j_inc)
for (int i = blockIdx.x * blockDim.x + threadIdx.x; i < ni; i += i_inc)
{
int idx =i + ni ¥ j + nj * ni ¥ k;
data[idx] = idx;
i
3

struct cudaDeviceProp props;

CUDA_ERR_CHECK( cudaGetDeviceProperties(&props, 0) );
dim3 max_grid;

max_grid.x = props.maxGridSize[0];

max_grid.y = props.maxGridSize[1];

max_grid.z = props.maxGridSize[2];

gpu_kernel<<<dim3(min(max(1l, roundup(ni, 16) / 16), rounddown(max_grid.x, 16))
min(max(1, roundup(nj, 8) / 8), rounddown(max_grid.y, 8)),
min(max(1, roundup(nk, 8) / 8), rounddown(max_grid.z, 8))),
dim3(16, 8, 8)>>>(ni, nj, nk, gpu_data,
min(max(1, roundup(ni, 16) / 16), rounddown(max_grid.x, 16)) * 16,
min(max(1l, roundup(nj, 8) / 8), rounddown(max_grid.y, 8)) * 8,
min(max(1, roundup(nk, 8) / 8), rounddown(max_grid.z, 8)) * 8);

CUDA_ERR_CHECK( cudaGetLastError() );
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CUDA compute grid (advanced)

CUDA compUte grld HOA,ﬂep)KMBaeT 1- __global void gpu_kernel(int ni, int nj, int nk, int* data,
3 M3MepeHMsi = YBNpOLAeT nepeHoc | - i=ine: e Gne, nt Keine
MHOroMepHbIX LmknoB B GPU sapa:
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for (int 1 = 0; i < ni; i++) data[idx] = idx;
{ i
int ddx = i + ni * j + nj * ni * k; }
data[idx] = idx;
}

struct cudaDeviceProp props;
CUDA_ERR_CHECK( cudaGetDeviceProperties(&props, 0) );
m MoxHo 06pabaTbiBaTb MHOXECTBO Toyek | 4im3 max_grid; s
= max_grid.x = props.maxGridSize[0];
B OALHOW HUTU (=> CHOBA NOSABNAOTCS max_grid.y = props.maxGridSize[1];
LlMKJ'IbI) max_grid.z = props.maxGridSize[2];

gpu_kernel<<<dim3(min(max(1l, roundup(ni, 16) / 16), rounddown(max_grid.x, 16)),

m He crout OﬁpaﬁaTblBaTb min(max(1, roundup(nj, 8) / 8), rounddown(max_grid.y, 8)),

nocnenoBaTelbHO pacnooXKeHHbIe min(max(1, roundup(nk, 8) / 8), rounddown(max_grid.z, 8))),

" o dim3(16, 8, 8)>>>(ni, nj, nk, gpu_data,
TOYKW B OAHOW HWUTK, N3-33 Tpe60BaHMM min(max(1, roundup(ni, 16) / 16), rounddown(max_grid.x, 16)) * 16,
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min(max(1, roundup(nk, 8) / 8), rounddown(max_grid.z, 8)) * 8);
CUDA_ERR_CHECK( cudaGetLastError() );
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CUDA compute grid (advanced)

CUDA compute grid nogaepxusaet 1-
3 “3MepeHus = YBMpPOLLAET NepeHoc
MHOroMepHbIX LmknoB B GPU sapa:

for (int k = 0; k < nk; k++)
for (int j = 0; j < nj; j++)
for (int 1 = 0; 1 < ni; i++)
{
int ddx = i + ni * j + nj * ni * k;
data[idx] = idx;

MoyHO 06pabaTbiBaTh MHOXECTBO TOYEK
B OALHOW HUTU (=> CHOBA NOSABNAOTCS
LMK NbI)

He ctout obpabatbiBaTh
nocnefoBaTeNlbHO PaCcMoNOXKeHHbIe
TOYKM B OJHOM HWUTK, U3-3a TpebOBaHUI
KoanecuHra

m JlumuTbl compute grid MOXHO y3HaTb U3

__global__ void gpu_kernel(int ni, int nj, int nk, int¥* data,
int i_inc, int j_inc, int k_inc)
{
for (int k = blockIdx.z * blockDim.z + threadIdx.z; k < nk; k += k_inc)
for (int j = blockIdx.y * blockDim.y + threadIdx.y; j < nj; j += j_inc)
for (int i = blockIdx.x * blockDim.x + threadIdx.x; i < ni; i += i_inc)
{
int idx =i + ni ¥ j + nj * ni ¥ k;
data[idx] = idx;
i
3

struct cudaDeviceProp props;
CUDA_ERR_CHECK( cudaGetDeviceProperties(&props, 0) );
dim3 max_grid;

max_grid.x = props.maxGridSize[0];

max_grid.y = props.maxGridSize[1];

max_grid.z = props.maxGridSize[2];

gpu_kernel<<<dim3(min(max(1l, roundup(ni, 16) / 16), rounddown(max_grid.x, 16))
min(max(1, roundup(nj, 8) / 8), rounddown(max_grid.y, 8)),
min(max(1, roundup(nk, 8) / 8), rounddown(max_grid.z, 8))),

dim3(16, 8, 8)>>>(ni, nj, nk, gpu_data,

min(max(1, roundup(ni, 16) / 16), rounddown(max_grid.x, 16)) * 16,
min(max(1l, roundup(nj, 8) / 8), rounddown(max_grid.y, 8)) * 8,
min(max(1, roundup(nk, 8) / 8), rounddown(max_grid.z, 8)) * 8);

CUDA_ERR_CHECK( cudaGetLastError() );
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Production example: stencil in CUDA

#define _A(array, is,

extern "C” __global__
kernel_config_t co
const real* const
real* const __rest

iy, ix) (array[(ix) + nx ¥ (iy) + nx ¥ ny * (is)])

void wavel3pt(const int nx, const int ny, const int ns,
nfig, const real m@, const real ml, const real m2,
__restrict__ wd, const real¥* const __restrict__ wil,
rict__ w2)

* blockDim.z + threadIdx.z)

* blockDim.y + threadIdx.y)

* blockDim.x + threadIdx.x)

<ns - 2; k += config.strideDim.z) {

+ j_offset; j < ny - 2; j += config.strideDim.y) {
= i_offset; i < nx; i += config.strideDim.x) {

< 2) |l (i >= nx - 2)) continue;

X < N

k, j, i) = mo * _A(wl, k, j, i) - _A(w@, k, j, i) +

_A(wl, k, j, i+1) + _A(wl, k, j, i-1) +
_A(wl, k, j+1, i) + _A(wl, k, j-1, i)
_A(wl, k+1, 3, 1) + _A(wl, k-1, 3, 1)) +

+

_Awl, k, 3§, i+2) + _A(wl, k, j, i-2) +
_Awl, k, j+2, i) + _A(wi, k, j-2, i) +
_A(wl, k+2, 3, i) + _A(wl, k-2, j, 1));

{
#define k_offset (blockIdx.
#define j_offset (blockIdx.
#define i_offset (blockIdx.
for (int k = 2 + k_offset; k
for (int j = 2
for (int i
if ((d
_A(w2,
ml * (
m2 * (
i
3
i
3
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Production example: stencil in CUDA

#define _A(array, is,

extern "C” __global__
kernel_config_t co
const real* const
real* const __rest

{
#define k_offset (
#define j_offset (
#define i_offset (
for (int k = 2 + k
for (int j = 2
for (int i
if ((d
_A(w2,
ml
m2
i
3
i
3

iy, ix) (array[(ix) + nx ¥ (iy) + nx ¥ ny * (is)])

void wavel3pt(const int nx, const int ny, const int ns,
nfig, const real m@, const real ml, const real m2,
__restrict__ wd, const real¥* const __restrict__ wil,
rict__ w2)

blockIdx.z * blockDim.z + threadIdx.z)
blockIdx.y * blockDim.y + threadIdx.y)
blockIdx.x * blockDim.x + threadIdx.x)
_offset; k < ns - 2; k += config.strideDim.z) {

+ j_offset; j < ny - 2; j += config.strideDim.y) {
= i_offset; i < nx; i += config.strideDim.x) {
< 2) |l (i >= nx - 2)) continue;

k, j, i) = mo * _A(wl, k, j, i) - _A(we, k, j, i) +
*(

_A(wl, k, j, i+1) + _A(wl, k, j, i-1) +
_A(wl, k, j+1, i) + _A(wl, k, j-1, i)
_A(wl, k+1, 3, 1) + _A(wl, k-1, 3, 1)) +
*(

_Awl, k, 3§, i+2) + _A(wl, k, j, i-2) +
_Awl, k, j+2, i) + _A(wi, k, j-2, i) +
_A(wl, k+2, 3, i) + _A(wl, k-2, j, 1));

+

Dual Intel Xeon E5-2670 (OpenMP version):

cpu> ./wavel3pt 512 256 256 10

md = 0.680375, ml = -0.035206, m2 = 0.094366
initial mean = 0.000024

compute time = 0.279701 sec

final mean = 0.000173
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Production example: stencil in CUDA

#define _A(array, is,

extern "C” __global__
kernel_config_t co
const real* const
real* const __rest

{
#define k_offset (
#define j_offset (
#define i_offset (
for (int k = 2 + k
for (int j = 2
for (int i
if ((d
_A(w2,
ml
m2
i
3
i
3

iy, ix) (array[(ix) + nx ¥ (iy) + nx ¥ ny * (is)])

void wavel3pt(const int nx, const int ny, const int ns,
nfig, const real m@, const real ml, const real m2,
__restrict__ wd, const real¥* const __restrict__ wil,
rict__ w2)

blockIdx.z * blockDim.z + threadIdx.z)
blockIdx.y * blockDim.y + threadIdx.y)
blockIdx.x * blockDim.x + threadIdx.x)
_offset; k < ns - 2; k += config.strideDim.z) {

+ j_offset; j < ny - 2; j += config.strideDim.y) {
= i_offset; i < nx; i += config.strideDim.x) {
< 2) |l (i >= nx - 2)) continue;

k, j, i) = mo * _A(wl, k, j, i) - _A(we, k, j, i) +
*(

_A(wl, k, j, i+1) + _A(wl, k, j, i-1) +
_A(wl, k, j+1, i) + _A(wl, k, j-1, i)
_A(wl, k+1, 3, 1) + _A(wl, k-1, 3, 1)) +
*(

_Awl, k, 3§, i+2) + _A(wl, k, j, i-2) +
_Awl, k, j+2, i) + _A(wi, k, j-2, i) +
_A(wl, k+2, 3, i) + _A(wl, k-2, j, 1));

+

Dual Intel Xeon E5-2670 (OpenMP version):

cpu> ./wavel3pt 512 256 256 10

md = 0.680375, ml = -0.035206, m2 = 0.094366
initial mean = 0.000024

compute time = 0.279701 sec

final mean = 0.000173

NVIDIA GTX 680M (cheap laptop graphics):

cuda> ./wavel3pt 512 256 256 10

mo = 0.680375, ml = -0.035206, m2 = 0.094366
initial mean = 0.000024

init time = 0.202504 sec

device buffer alloc time = 0.017779 sec

data load time = 0.066286 sec (5.657294 GB/sec)
compute time = 0.122417 sec

data save time = 0.020925 sec (5.973645 GB/sec)
device buffer free time = 0.000459 sec

final mean = 0.000173
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Production example: stencil in CUDA
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Production example: stencil in CUDA
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Production example: stencil in CUDA
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3
i
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md = 0.680375, ml = -0.035206, m2 = 0.094366
initial mean = 0.000024

compute time = 0.279701 sec

final mean = 0.000173

NVIDIA GTX 680M (cheap laptop graphics):
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mo = 0.680375, ml = -0.035206, m2 = 0.094366
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MNpoctenwme ontummsaummn CUDA
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m Pa3mepbl 6nokoB {128, 1, 13} 6yayT npubam3uTenbHO ONTUMAbHbIMU XAS OONbLIMHCTBA 33434 U
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MNpoctenwme ontummsaummn CUDA

m Bcerpa crapaiitech Mcnonb3oBaTb BbIPOBHEHHBIV AOCTYN K NamsaTu (coalescing)

m Pa3mepbl 6nokoB {128, 1, 13} 6yayT npubam3uTenbHO ONTUMAbHbIMU XAS OONbLIMHCTBA 33434 U
coBpeMeHHbIX GPU

m KoMnungtop MoXeT onTMMMU3UMPOBaTb KOA AN KOHKPeTHOM apxmTekTypbl GPU, onpeaensemoit Compute
Capability (CC):
add option -arch=sm_35 ans ny4ywmx pesynsratoB Ha Tesla K20:

$ nvcc -arch=sm_35 -03 cuda_gpu_data.cu -o cuda_gpu_data
$ ./cuda_gpu_data
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Microsoft Visual Studio 2015 aona CUDA

m CUDA 8 noppepxuBaeT uHterpaumio ¢ Microsoft Visual Studio 2015

m CkauyaTb 1 yctaHosuTb Visual Studio (Community Edition 6yneT LocTaToyHO):
https://www.visualstudio.com/downloads/

m Ckauyatb 1 yctaHoBuTb CUDA 8 Toolkit:
https://developer.nvidia.com/cuda-toolkit
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= Microsoft Technologies - Documentation ~ Resources ~

Visual Studio - Visual Studio IDE Features Offerings ~ Downloads Support ~ Subscriber Access

Visual Studio Downloads

Visual Studio Visual Studio

Enterprise

Visual Studio Visual Studio
Community Professional

f al
Free trial &

Free download &

Y
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NVIDIA ACCELERATED COMPUTING nl Training

Learn more about CUDA Toolkit 8.0:
- Read the CUDA 8 Features Revealed Parallel Forall Blog Post.
« Sign up for a live walkthrough: What's New in CUDA 8 webinar on Thursday, Octeber 13th.
= Review the CUDA 8 Overview slides presented at GPU Technology Conference [GTC) 2016

For Linux users upgrading from previous versions of the CUDA Toolkit, click to see instructions in this section before proceeding
For developers on systems using Tesla P100 GPUs, click to see instructions before installation..

For developers on Mac systems, click here to read a known limitation.

Select Target Platform @ Related Links

Click on the green buttons that describe your target platform. Only supported platforms will be shown

K.T.H. Anekcei Msax-HeHKu (APC LLC) Beenenue B CUDA 25 Gespans, 2017
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D4 Start Page - Microsoft Visual Studic

File

Edit Vew Debug Teoam Nsight Tools Test

-o|®-

Solution Explorer

Output

Show output from:

Anclyze  Window  Help
P Attach

IR

Start Page + > (SR

Visual Studio

Start

Open Project.

Open from Source Control,

Recent
robustoptimization
GaussEliminaticn

Win32Projectt
testofchartsandNumericVethods
Elecro

Elecro_cuda

cudatest

Matnstatistics

K.T.H. Anekceit MBaxHeHko (APC LLC)

B

Discover Visual Studio Community 2015

Newto Visual Studio? Check out coding tutorials and sample projects

et taining on new frameworks, languages, and technol
Create a private code repo and backlog for your project

See how easy itisto get started with cloud services
Discover ways to extend and customize the IDE

Ready to Cloud-power your experience?

Connect to Azure @

News

Adding Bindable Native Views Directly to
XAML

Xamzrin Forms stips with over 40 pages, layouts, and
contros for you to mi-and-match to build great
native cross-platform user interfaces. One of my favo

NEW sroprun, okrabpa 4, 2015

Building Deep Neural Networks in the
Cloud with Azure GPU VMs, MXNet and
Microsoft R Server

Deeplearning has been behind several recent
brealthroughs inmachine leaning applications. In the
field of computervision, novel approaches such as de.

NEW sroprun, okrabpa 4, 2015

Schema Compare in SqlPackage and the
Data-Tier Application Framework (DACFx
- SSDT Blog)

Inthe mostrecen: version of SqlPacksge.ece and the
Data-Tier Applicsion Framework (DACF) we have

logies.

Pricing for Release Management in TFS

15

Since the new version o Release Management was

introduced in TFS 2015 Update 2, it has been n “trial
ode". Any user with Basic access level was sble to a

NEW voprun, okrabpa 4, 2016

Animations with the Visual Layer (UWP)
When the layout of your Universal Windows Patform
(UWP) app changes, there i often o light pause as
your spp rearranges content toft the new window sz

NEW nsrvins, cermapa 30, 2016

Background Audio and Cross Platform
Development with Xamarin (App Dev on
Xbox series)

We se back with yet amother app, Backcrop, an open
source sample medis 3pp developed to showcsse s
cross-device music eperience. I this blog post, we.

NEW nsrvins, cermapa 30, 2016
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X & | Quick Launch (Ctri+Q)

New on Microsoft Platforms

@ Microsoft Azure
e ASP.NET and Web

Featured Videos
Building JavaScript apps with
— Angular

111

Connecting to Services with Visual
Studio

Code Editor Enhancements for
XAML Developers

108

What's New for NET 2015

821

What's Newin C# 6.0
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Mew Project 7 by

I Recent MET Framework 4,5.2 ~ Sort by: Default -
4 |nstalled

Search Installed Templates (Ctrl+E) -

CUDA 8.0 Runtime CUDA 8.0 Type: CUDA B0
A project that uses the CUDA 8.0 runtime

P Visual Basic -
Visual FZ
4 Visual C++
Windows
ATL
CLR
General
MFC
Test
Win32
Cross Platform
Extensibility
SOL Server
Python
b JavaScript

Game
Build Accelerator
i Other Project Types

a NVIDIA
CUDA 8.0
Samples -
b Online Click here to go online and find templates.
MName: [vecadd |
Location: ChUsers\MK\Documentsi\Visual Studic 2015\Projects =
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Microsoft Visual Studio

Build | Debug Team  MNsight Tools Test Analyze

i |:| Build Solution Ctrl+Shift+B 1 Win
I Rebuild Solution
Clean Solution
Run Code Analysis on Solution Alt+F11 1
1% Build vecadd unti
! Rebuild vecadd 1o
Clean vecadd h>
f Project Only 3 Sthe
Batch Build...
JI Configuration Manager... addk
#  Compile Ctrl+F7 adIc

K.T.H. Anekceit MBaxHeHko (APC LLC) Beenenve 8 CUDA

Mdespans, 2017 16/19



Microsoft Visual Studio 2015 aona CUDA

D vecedd - Microsoft Visual Studio.
File Edit View Project Build Debug Team Nsight Tools Test Analyze Window Help

SO |- M| D O | e - a6 ~ b Local Windous Debugger ~ | 7 | [y

Solution Explorer < B | ClassView kenelcu # X
@ @ o-sam|r = (Global Scope)

Search Soluton Bplorer (Ctl+>) p- e cuds_runtine b

T3 Solution 'vecadd' (1 project) de "device_launch_parameters.h”

4 P vecadd

b o References nclude <stdio.h>
b i Extemsl Dependencies
cudsi adduithcuda(int *c, const int *a, const int *b, unsigned int size);
b D kemelcu ¢ & )
S _global__ veid addkernel(int *c, const irt 2, const int *t)

int 1 = trreadlde.x;
<[4] = a[i] + b[i];
¥

Sint main()

const int arraysize = 5
const int a[arraysize] = { 1, 2, 3, 4, 5 };
const int blarraysize] = { 10, 20, 30, 40, 50 1;
int clarraysize] = { @ };

/1 Add vectors in parallel
cu cudastatus = adcWithCuda(c, a, b, arraysize);
if (cudaStatus != cudaSuccess:

{
Fprintf(stderr, "addiithCuda failad!");
return 1;

b

printf("{1,2,3,4,5) + {18,26,30,40,50} = {%d,%,%d,%d,%}\n",
clel, c[1l, c[2], <[3], <[4]);

7/ cudabeviceReset must be called before exiting in order for profiling and
11 tracing tools such as Nsight and Visual Profiler to show complete traces
cudastatus = cudaDeviceReset();
if (cudaStatus != cudaSuccess) {

fprintf(stderr, "cudaDeviceReset failed!");

eturs 1

¥

return 0;

X & | Quick Launch (Ctri+Q)

Output
Show output from: Debug

The thread 0x360 has exited with code @ (ex0).
The thread @x10e4 has exited with code @ (8x0).
The thread @x1798 has exited with code @ (6x8).
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Anekceit MBaxHeHko (APC LLC)

vecadd Property Pages

Configuration: | Active(Debug)

4 Configuration Properties
General
Debugging
VC++ Directories
4 CUDAC/Ce+

Command Line
Linker
CUDA Linker

Manifest Tool

XML Document Generator
Browse Information

Build Events

Custom Build Step

Code Analysis

~| Platform: | Active(Win32)

CUDA Toolkit Custom Dir
Source Dependencies

Compiler Output (obj/cubin)
Additional Include Directories

Use Host Include Directories

Keep Preprocessed Files

Keep Directory

Generate Relocatable Device Code
NVCC Compilation Type

CUDA Runtime

Target Machine Platform

CUDA Toolkit Custom Dir
Custom path to the CUDA Toolkit.

Bsenenue 8 CUD

$(IntDir) % Filename) %(Extension).obj
Ves
S{(CudalntDir)

No
Generate hybrid object file (--compile)

? X

Cenfiguration Manager..

Static CUDA runtime library (-cudart static)

32-bit (--machine 32)

Ormaena

Mpusacrurs

®espans, 2017
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vecadd Property Pages

Configuration: | Active(Debug)

4 Configuration Properties
General
Debugging
VC++ Directories
4 CUDAC/Ce+

Command Line
Linker
CUDA Linker
Manifest Tool
XML Document Generator
Browse Information
Build Events
Custom Build Step
Code Analysis

Anekceit MBaxHeHko (APC LLC)

Microsoft Visual Studio 2015 aona CUDA

~| Platform: | Active(Win32)

Interleave source in PTX
Code Generation

Generate GPU Debug Information
Generate Line Number Information
Max Used Register

Verbose PTXAS Output

Generate GPU Debug Information

No
compute_50.sm_50
Yes (-G)

No

0

No

? X

Cenfiguration Manager..

Specifies whether or not GPU debugging information is generated by the CUDA Compiler, (-G)

Bsenenue 8 CUD

Ormaena

Mpwsaesre
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Anekceit MBaxHeHko (APC LLC)

vecadd Property Pages

Configuration: | Active(Debug)

4 Configuration Properties
General
Debugging
VC++ Directories
4 CUDAC/Ce+
Commeon
Device

Command Line
Linker
CUDA Linker

Manifest Tool

XML Document Generator
Browse Information

Build Events

Custom Build Step

Code Analysis

~| Platform: | Active(Win32)

Additional Compiler Options
Preprocessor Definitions

Use Host Preprocessar Definitions
Emulation

Generate Host Debug Information
Use Fast Math

Optimization

Runtime Library

Basic Runtime Checks

Enable Run-Time Type Info
Warning Level

Additional Compiler Options

Additional host compiler options that are not supported by the host project properties,

Bsenenue 8 CUD

Ves

No

Ves (g)

No

<inheritfrom host>
<inheritfrom host>
<ineritfrom host>
<inherit from host>
<inheritfrom host

? X

Cenfiguration Manager..

Ormaena

Mpwsaesre
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Anekceit MBaxHeHko (APC LLC)

vecadd Property Pages

Configuration: | Active(Debug)

4 Configuration Properties
General
Debugging
VC++ Directories
4 CUDAC/Ce+

Manifest Tool
XML Document Generator
Browse Information

Build Events

Custom Build Step

Code Analysis

? X

~| Platform: | Active(Win32) ~| | Cenfiguration Manager...

All Options

2 from host are not )
# (Please see the output window after a build for the full command-line)

# Driver APl (NVCC Compilation Type i cubin, .gpu or .pb)

set CUDAFE_FLAGS=—-sdk _dir "Ci\Program Files (x26)\Windows Kits\&.1\"

*Ci\Program Files\NVIDIA GPU Computing Toolkit\CUDA\VE.0\bin\nvec.exe” --use-local-env --cl-version 2015

~ccbin “DA\Program F\\es(xﬂE)\M\:voSoftV\sua\Studm“a\v(\bm 6 ~-keep-dir Debug -maxrregcount=0
static -0 Debug bj "S%(FullPath)"

# Runtime API (NVCC Compilation Type is hybrid object or .c fle)

set CUDAFE_FLAGS=--sdk_dir "C:\Program Files (x26)\Windows Kits\8.1\"

“Ci\Program Files\NVIDIA GRU Computing Toolkit\CUDA\8.0\bin\nvec. exe” --use-local-eny --cl-version 2015
~ccbin "D:\Program Files («86)\Microsoft Visual Studio 14.0\VCibin” -G -keep-dir Debug -maxegcount=0
~-machine 32 --compile -Cudart static g -Xcompiler"/EHsc /nologo /FS /Zi " -0 Debug\
(Filename)&(Extension) obj “%(FullPath)”

Inherit from parent or project defeults

Additional Options

Omens | | Mprerme

Bsenenue 8 CUD
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vecadd Property Pages 7 X
Configuration: | Active(Debug) ~ | Platform: | Active(Win32) ~| | Canfiguration Manager...
4 Configuration Properties Perform Device Link Yes (-dlink)
General Linker Output S(IntDiS(TargetName).device-link.obj
Debugging /Additional Library Directories
Ve Directaries Use Host Library Directories Yes
4 CUDAC/Ce+ Additional Dependencies
Common Use Host Library Dependencies Yes
Dere Generate GPU Debug Information <inherit from project>
iz Optimization <inherit from project>
Command Line
b Linker
4 CUDA Linker
General

Command Line
Manifest Tool

XML Document Generator
Browse Information

Build Events

Custom Build Step

Code Analysis

Perform Device Link
Specifiesif an object file generated via -rdc=true will be linked.

Omens | | Mprerme
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Anekceit MBaxHeHko (APC LLC)

vecadd Property Pages

Configuration: | Active(Debug)

4 Configuration Properties
General
Debugging
VC++ Directories
4 CUDAC/Ce+

Host.
Command Line
b Linker
4 CUDA Linker
General
Manifest Toel
XML Document Generator |
Browse Information
Build Events.
Custom Build Step
Code Analysic

70X
~| Platform: | Active(Win32) ~| | Cenfiguration Manager...

All Options

# from host are not )

# (Please see the output window after a build for the full command-line)

"C:\Program Files\NVIDIA GPU Computing Toolkith\CUD/ exe” ~dlink -0 ] -
link.obj -Xcompiler "/EHsc /nologo /Zi
Additional Options Inherit from parent or project defeults

Omens | | Mprerme

Bsenenue 8 CUD
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Eclipse Nsight Edition gns CUDA Ha Linux/Mac

m Eclipse Nsight Edition, yacte CUDA toolkit, noctaBnsietca co BctpoeHHon nogaepxkkon CUDA

m Ecnm y Bac HeT nokanbHoi GPU NVIDIA, MoxHO pa3pabatbiBaTb npunoxeHus B Eclipse Nsight Edition u
3anyckaTb MX Ha yaaneHHoMm GPU

sl
“ewonk size
# cupa cre

cpy(d, idata, sizeof(

WORK SIZE, WORK SIZE *
CuoR_CHECK RETURIc
U CHECK RETURN e
€U CHECK RETURNc

for (1= 1 < wow
print(Tnput ve

CUOA_CHECK RETURN cudar
€U CHECK RETURN  cudabe

8 Console 3 roperties|
elc/cr+ Remote Applicatior]

x% GEEE 80
catio] Remote shell
118:30:06 2015 from 213.168.52.267

i /nsght debug" i\ "/ mp/ns1ght -debug/bilinear\ " sexit
%S echo s s

Jonssh -c et v/
R o

,\ bilinear+*jexit

weitable Smartisert 57:33
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Eclipse Nsight Edition gns CUDA Ha Linux/Mac

m Eclipse Nsight Edition, yacte CUDA toolkit, noctaBnsietca co BctpoeHHon nogaepxkkon CUDA

m Ecnu y Bac HeT nokanbHow GPU NVIDIA, moxHo pa3pabatbiBath npunoxerus B Eclipse Nsight Edition u
3anyckaTb UX Ha yaaneHHom GPU

Kak Hactpoutb npoekt CUDA c Hyns:
- File —& New — CUDA C/C++ project
- CUDA Runtime Project “hello” — Tak xe ykaxwuTe cootBeTcTBytowee CC gng yaanenHoro GPU
- CPU architecture: x86 (32-bit) — Finish
- bynet creHepupoBaH ko npumepa CUDA

- Project — Build All

- Run — Run — ecnun y Bac umeetcsa noknbHas NVIDIA GPU — Local C/C++ Application, nHaue - use
GPU from the remote server — Remote C/C++ Application:
Remote connection — Manage — specify your SSH account data
Toolkit path: /opt/cuda/bin
Mocne Haxatus “Finish”, npunoxeHve 4OMKHO UCNONHATLCS YAANEHHO
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3akJitoyeHume

m CUDA nerko ncnonb3oBatb, eciu Bbl yke pabotanu ¢ MPI+OpenMP
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3akJitoyeHume

m CUDA nerko ncnonb3oBatb, eciu Bbl yke pabotanu ¢ MPI+OpenMP

m OcHoBHas CTpaTterna nopTMpoBaHUA KOAda:
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3akJitoyeHume

m CUDA nerko ncnonb3oBatb, eciu Bbl yke pabotanu ¢ MPI+OpenMP
m OCHOBHas cTpaTervs NOpTMPOBaHMS KOLaA:
m [lepeHecute Teno umkna B __global__ dyHkumio - GPU aapo
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3akJitoyeHume

m CUDA nerko ncnonb3oBatb, eciu Bbl yke pabotanu ¢ MPI+OpenMP
m OCHOBHas cTpaTervs NopTMPOBaHMUS KOAa:

m [lepeHecute Teno umkna B __global__ dyHkumio - GPU aapo
B 3aMeHuTe OpUrMHaNbHbIN LMK Ha BbI30B f4pa, NpeobpasyiiTe MHTEPBabl LMKNOB B <<< ... >>> napameTpbl
BbI30Ba A4pa
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3akJitoyeHume

m CUDA nerko ncnonb3oBatb, eciu Bbl yke pabotanu ¢ MPI+OpenMP

m OcHoBHas CTpaTterna nopTMpoBaHUA KOAda:

m [lepeHecute Teno umkna B __global__ dyHkumio - GPU aapo

B 3aMeHuTe OPUTMHANbHBIM LMK HA BbI30B 84pa, NpeobpasyiTe HTepBabl LMKNOB B <<< ... >>> napameTpsl
BbI30Ba A4pa

m Ckonupy#Te naHHble Ha GPU no, ckonupyiTe pesynbraTbl ¢ GPU nocne BbinonHeHus saapa
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m CUDA nerko ncnonb3oBatb, eciu Bbl yke pabotanu ¢ MPI+OpenMP
m OCHOBHas cTpaTervs NopTMPOBaHMUS KOAa:

m [lepeHecute Teno umkna B __global__ dyHkumio - GPU aapo

B 3aMeHuTe OPUTMHANbHBIM LMK HA BbI30B 84pa, NpeobpasyiTe HTepBabl LMKNOB B <<< ... >>> napameTpsl
BbI30Ba A4pa
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3akJitoyeHume

m CUDA nerko ncnonb3oBatb, eciu Bbl yke pabotanu ¢ MPI+OpenMP
m OCHOBHas cTpaTervs NopTMPOBaHMUS KOAa:

m [lepeHecute Teno umkna B __global__ dyHkumio - GPU aapo

B 3aMeHuTe OPUTMHANbHBIM LMK HA BbI30B 84pa, NpeobpasyiTe HTepBabl LMKNOB B <<< ... >>> napameTpsl
BbI30Ba A4pa

m Ckonupy#Te naHHble Ha GPU no, ckonupyiTe pesynbraTbl ¢ GPU nocne BbinonHeHus saapa

m 3ameHuTe komnunstop ¢ C/C++ Ha NVCC M nepekoMNuAnpyiiTe

m CywectsytoT IDE ana CUDA
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3akJitoyeHume

m CUDA nerko ncnonb3oBatb, eciu Bbl yke pabotanu ¢ MPI+OpenMP

m OcHOBHag cTpaTerns NOpTMPOBaHMS KOAA:
m [lepeHecute Teno umkna B __global__ dyHkumio - GPU aapo
B 3aMeHuTe OPUTMHANbHBIM LMK HA BbI30B 84pa, NpeobpasyiTe HTepBabl LMKNOB B <<< ... >>> napameTpsl
BbI30Ba A4pa
m Ckonupy#Te naHHble Ha GPU no, ckonupyiTe pesynbraTbl ¢ GPU nocne BbinonHeHus saapa
m 3ameHuTe komnunstop ¢ C/C++ Ha NVCC M nepekoMNuAnpyiiTe

m CywectsytoT IDE ana CUDA

m HekoTopble Bewu, He paCCMOTPEHHbIE B 3TOM IEKLMU:

m Pazpensemas namsatb
m [10TOKM M aCMHXPOHHas Nepefaya AaHHbIX
m OTtnagka v npodunmpoBaHue
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