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Ability Test for Matrix-Multiplication and FFT Based on CUDA

XIAO Jiang, HU Ke-liang, DENG Yuan-yong

(National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012)

Abstract This paper introduces the result of a test that evaluates the effectiveness of Compute Unified Device Architecture(CUDA) using NVDIA
GeForce8800GT and the compiler Visual Studio 2008. It tests the speed of NVIDIA CUBLAS, CUDA kernel, common C program, Intel MKL
BLAS, CUDA driver API program, FFTW and CUFFT Library in matrix-multiplication and Fast Fourier Transform(FFT). Test result of the large
scale data shows that the computing ability of GPU is 25 times better than that of CPU.
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PX8800GT Geforce
8800GT G92 112
600 MHz 57.6 GB/s
(parallel data cache)
CUDA GPU 1
1 CUDA GPU
Number of Compute
Multiprocessors ~ Capability
GeForce 8800 Ultra,8800 GTX 16 1.0
GeForce 8800 GT 14 11
GeForce 8800M GTX 12 11
GeForce 8800 GTS 12 1.0
GeForce 8800M GTS 8 11
GeForce8600 GTS 8600 GT, 4 11
8700M GT,8600M GT,8600M GS '
GeForce8500 GT,8400 GS, ) 11
8400M GT,8400M GS '
GeForce 8400M G 1 11
Tesla S870 416 1.0
Tesla D870 216 1.0
Tesla C870 16 1.0
Quadro Plex 1000 Model S4 4x16 1.0
Quadro Plex 1000 Model IV 2x<16 1.0
Quadro FX 5600 16 1.0
Quadro FX 4600 12 1.0
Quadro FX 1700,FX 570, 4 11
NVS 320M,FX 1600M,FX 570M '
Quadro FX 370,NVS 290, NVS 2 11
140M, NVS 135M,FX 360M '
Quadro NVS 130M 1 11
2.2 CUDA
CUDA NVIDIA nvce.exe
CUDA GPU CPU .cu
.cpp C CUDA
C GPU CPU GPU
GPU CPU
CPU CUDA
2 CPU C GPU

nvcc.exe CUDA Windows XP  Linux

Microsoft Visual Studio 2008 C
2

cl.exe CUDA

Libraries:FFT.BLAS...
Example Source Code

[ntegrated CPU
And GPU C Source Code

NVIDIA C Compiler

CUDA Driver || Debugger Profiler

| Standard C Compiler

|NV1D]A Assembly for Computing CPU Host Code |

GPU | | CPU

2 CUDA
2 CUDA

CUBLAS(CUDA Basic Linear Algebra Subprograms)
CUFFT(CUDA Fast Fourier Transform)

NVIDIA CUDA NVIDIA GPU
CUBLAS  CUFFT API
CUDA Nvidia
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GPU
3 MKL CPU
3.1 CPU
CPU Pentium D830 64
3.0GHz 4 429.8 MB/s
31.4 GFLOPS
Intel CPU
3.2 CPU
Intel CPU
( MKL)
BLAS

1 MKL BLAS Pentium D830

FFTW FFTW
FFT C
( ) Caml
FFTW CPU
(discrete Fourier
transform) FFTW
CPU
4
4.1
3 1) )
@)
4.2
CUDA CUBLAS Intel
MKL Nvidia CUDA
C
6
421
srand, rand 5512
3x512 A 3x512 8512
B xt
4.2.2 CUBLAS
CPU txt
(host) GPU(device)
CUBLAS
CUBLAS
GPU
CUBLAS
1 CUBLAS
status = cublaslnit();
/I GPU d_Ablas A d_Bblas
1 B d_Cblas A*B

status = cublasAlloc(size_A, sizeof(d_Ablas[0]), (void**)&
d_Ablas);

status = cublasAlloc(size_B, sizeof(d_Bblas[0]), (void**)&
d_Bblas);

status = cublasAlloc(size_Cblas, sizeof(d_Cblas[0]), (void**)&



d_Cblas);

i BLAS3

cublasSgemm('n’, 'n’, 5>32>16, 8>x<32>16, 3>x<16>=32, alpha,
d_Ablas, HA, d_Bblas, HB, beta, d_Chblas, HC);

/I GPU

cublasGetVector(size_Cblas, sizeof(h_Cblas[0]), d_Cblas, 1,
h_Cblas, 1);
423 GPU

GPU 2 Mul.cu (

) Mul-kernel.cu ( )

GPU A B

GPU block

32>=32 block 32>=32

/I GPU AB

float* d_A;

CUDA_SAFE_CALL (cudaMalloc((void**) &d_A,mem_size_ A));

float* d_B;

CUDA_SAFE_CALL(cudaMalloc((void**) &d_B, mem_size_B));

/I CPU GPU

CUDA_SAFE_CALL(cudaMemcpy(d_A, h_A, mem_size_A, cuda
MemcpyHostToDevice) );

CUDA_SAFE_CALL(cudaMemcpy(d_B, h_B,
cudaMemcpyHostToDevice) );

/I GPU 1616
/I C Block

dim3 threads(32, 32);

dim3 grid(WC / threads.x, HC / threads.y);

1

Mul<<< grid, threads >>>(d_C, d_A, d_B, WA, WB);

1

for (intk = 0; k < BLOCK_SIZE; ++k)

{Csub += AS(ty, k) * BS(k, tx);}

int c = wB>=32>by + 32 * bx;

C[c + wB >ty + tx] = Csub;
4.24 CUDA API

CUDA API

CPU CPU

GPU GPU API

mem_size_B,

CUDA

CUDA API

matrixMul BLOCK_SIZE

CU_SAFE_CALL(cuFuncSetBlockShape( matrixMul, BLOCK_

SIZE, BLOCK_SIZE, 1));

CU_SAFE_CALL(cuFuncSetSharedSize( matrixMul, 2 >
BLOCK_SIZE><BLOCK_SIZE x<sizeof(float) ) );

CU_SAFE_CALL (cuParamSeti( matrixMul, 5> 512 > 8 x<
512,d_C));

CU_SAFE_CALL(cuParamSeti( matrixMul, 3>512 x5 x
512,d_A));

CU_SAFE_CALL(cuParamSeti( matrixMul, 3 >512 > 8 x<
512,d_B));

CU_SAFE_CALL (cuParamSeti( matrixMul, 3512, WA ));
CU_SAFE_CALL (cuParamSeti( matrixMul, 8512, WB ));
CU_SAFE_CALL (cuParamSetSize( matrixMul, 20 ));

CU_SAFE_CALL (cuLaunchGrid( matrixMul, WC/BLOCK_SIZE,

HC/BLOCK_SIZE));

425 Intel MKL

Intel MKI
FFT CPU
(BLAS) BLAS1, BLAS2,
BLAS3 BLAS3(matrix- to-matrix)
Intel MKL-blas
1 A B Cintelblas

cblas_sgemm(ChlasColMajor,CblasNoTrans,CblasNoTrans, HA,
WB, HB, alpha, h_A, HA, h_B, HB, beta, Cintelblas, HC) ;

MKL MKL.H
lib MKL
cublas.lib mkl_c.lib mkl_c_dIl.lib mkl_intel_thread.lib
QueryPerformance

Frequency();QueryPerformanceCounter() CPU

4.2.6

Mul(float* C, const float* A, const float* B, unsigned int HA,
unsigned int WA, unsigned int WB)
{ for (unsigned int m = 0; m < HA; ++m)
for (unsigned int n = 0; n < HB; ++n)
{ double sum=0;
for (unsigned int k = 0; k < WA, ++k)
{double a = A[m><WA + K];
double b = B[k><WB + nJ;
sumC +=a*b; }
C[m * WB + n] = (float)sumC; 1}

5
5.1
2 1) @)
5.2
CUDA CUFFT
FFTW 421
2 2
521 CUFFT
xt GPU memory

Complex > h_signal=(Complex*)malloc(sizeof(Complex) >
SIGNAL_ SIZE);
plan FFT
CUFFT_SAFE_CALL(cufftExecC2C(planl, (cufftComplex )
d_signal, (cufftComplex>)d_signal, CUFFT_FORWARD));
CUFFT_SAFE_CALL(cufftExecC2C(plan2, (cufftComplex > )

d_filter_kernel, (cufftComplex *)d_filter_kernel, CUFFT_
FORWARD));
522 FFTW

FFTW libfftw3-3.lib
libfftw3f-3.lib  libfftw3l-3.lib

DOS FFTW
CUFFTW
plan

plan=fftw_plan_dft_1d(SIGNAL_SIZE,h_signal,h_signal FFTW_
FORWARD,FFTW_ESTIMATE);
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plan=fftw_plan_dft_1d(FILTER_KERNEL_SIZE,h_filter_kernel,h
_filter_kernel,FFTW_FORWARD,FFTW_ESTIMATE);

79 MB 32.2 Billion calculations
otal processing time: 383.725983 (ms>
Performance: 530.284805 (GFLOPS>

79 MBE 32.2 Billion calculations
otal processing time: 435 086958 (ms)
Performance: 444.299855 (GFLOPS>

79 MBE 32.2 Billion calculations
ing time: 4294254336.800008 C(ms>
Performance: B.088845 (GFLOPS)>

32.2 Billion calculations
ing time: 70P0.08BPEB <ms>
21.474836 (GFLOPS>

72 MBE 32.2 Billion calcu
otal processing time: 448 588118 <{(ms>
Performance: 430.925374 (GFLOPS>

CUDA (API)

444.299 GFLOPS 430.925 GFLOPS CPU
Intel MKL 21.47 GFLOPS GPU
CUBLAS 25 GPU
64.27 ms FFTW
CPU 1000 ms
GPU
7
GPU CPU
GPU
CUDA
CUDA
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