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FFT, BLAS,
SPARSE, Matrix
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ThrustPRIEEINE

thrust::device vector<float> devicelnput1(inputLength);
thrust::device vector<float> devicelnput2(inputLength);
thrust::device vector<float> deviceOutput(inputLength);

thrust::copy(hostinput1, hostinput1 + inputLength,
devicelnput1.begin());

thrust::.copy(hostinput2, hostinput2 + inputLength,
devicelnput2.begin());

thrust::transform(devicelnput1.begin(), devicelnput1.end(),
devicelnput2.begin(), deviceOutput.begin(),

thrust::plus<float>());
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OpenACC

- BFC, C++HJFORTRANRILRLIES

#pragma acc parallel loop
copyin(input1[0:inputLength],input2[0:inputLength]),
copyout(output[0:inputLength])
for(i = 0; i < inputLength; ++i) {
output[i] = input[i] + input2]i];
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Numerical analytics >
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MATLAB, Mathematica, LabVIEW
CUDA Fortran
CUDAC

CUDA C++

PyCUDA, Copperhead, Numba
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S

Programming mode, Patrick McCormick (LANL) et.al.,
https /lasc.linl.gov/content/assets/docs/exascale-pmWG. pdf
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CUDA F&{&F
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// Compute vector sum C = A + B
void vecAdd(float *h A, float *h B, float *h C, int n)
{

int i;
for (1 = 0; i<n; i++) h C[i] = h A[i] + h B[i];

int main()

{
// Memory allocation for h A, h B, and h C
// I/O0 to read h A and h B, N elements

(h A, h B, h C, N);
- - - 26
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Part 1

(‘\ Part 2
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#include <cuda.h>
void vecAdd(float *h_A, float *h_B, float *h_C, int n)
{

int size = n* sizeof(float);

float *d_A, *d_B, *d_C;

// Part 1

// Allocate device memory for A, B, and C

// copy A and B to device memory

// Part 2
// Kernel launch code — the device performs the actual vector
addition

/l Part 3

I/ copy C from the device memory
27



CUDA WFRYERD18EIA

(Device) Grid

Block (0, 0)

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

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

Thread (0, 1)

IRFIEEE:
- EE 8NHENSFESS
- EEHENEERTE

FHUCHERE
—  [E/NZEMISHIERRNE
TRECRE AR

A TG A TR A 43 B 22 1) A A7 SR TR B A2 % 1) A A7 A

University of Electronic Science and Technology of China

28



CUDA IEENFE1E API BR%Y

« cudaMalloc()
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AENNE EHUCHS

void vecAdd(float *h_A, float *h_B, float *h_C, int n)
{

int size = n * sizeof(float); float *d_A, *d_B, *d_C;

cudaMalloc((void **) &d_A, size);
cudaMemcpy(d_A, h_A, size, cudaMemcpyHostToDevice);
cudaMalloc((void **) &d_B, size);
cudaMemcpy(d_B, h_B, size, cudaMemcpyHostToDevice);
cudaMalloc((void **) &d_C, size);

/| Kernel invocation code — to be shown later

cudaMemcpy(h_C, d_C, size, cudaMemcpyDeviceToHost);
cudaFree(d_A); cudaFree(d_B); cudaFree (d_C);
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SEFEHULADHET API $1

cudaError_t err = cudaMalloc((void **) &d_A, size);

if (err 1= cudaSuccess) {
printf(“%s in %s at line %d\n”, cudaGetErrorString(err), FILE
__LINE_);
exit(EXIT_FAILURE);

}

10




Hx

FIFTITR

CUDA C. CUDA Libs, OpenACC

CUDAJmtE=E

AFD B ZE e 1R L RREL

HIEHITIL S Z%IE

33



N3 BFR

- TH% CUDA &2 , THREFIFE

1

- 73 J’:IQE$EEQH—/\

— BEFTIT

— S22 | BIEHEERS |RIBREY

A
Q&H}i-)— A
yryod  University of Electronic Science and Technology of China

[ 4
-

HA

17

FHY3



sk ] -/, = S
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vector A A[0] A[1] AlZ]
vector B B[0] B[1] B[2]
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CUDA HifTH=EY

» SHIFEH (CPU ) +18%8 (GPU ) A C 18
- BTEHTEENA C IR
~ BTEHIERE SPMD PR

Serial Code (host) g

Parallel Kernel (device)
KernelA<<< nBIk, nTid >>>(args);

Parallel Kernel (device)
KernelB<<< nBlk, nTid >>>(args);
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» CUDA %
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gerEmdts (FF51 ) AT

Single Program Multiple Data)
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i = blockldx.x * blockDim.x + threadldx.x;

C[i] = A[i] + BIil;
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Thread Block 0 Thread Block 1

i = blockldx.x * blockDim.x + i = blockldx.x * blockDim.x +
threadldx.x; threadldx.x;
C[i] = Ali] + BI[iJ; C[i] = Ali] + BI[iJ;
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Thread Block N-1
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i = blockldx.x * blockDim.x +
threadldx.x;
C[i] = Ali] + BI[iJ;
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blockldx #[] threadldx

- BN ERIEFERERS ISRREIERRLEEY
— blockldx: 1D, 2D, or 3D (CUDA 4.0)
— threadldx: 1D, 2D, or 3D
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(0, 0) (0, 1)
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.{%Q’IE Block Block
— Solving PDEs on volumes (1, 0) (1, 1)
U
(1,0.Q) {1,0,1) (1,0,2) (1,0,3)
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ANY QUESTIONS?
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