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Recently, the number of scientific and engineering calculations on GPUs (Graphic 
Processing Units) is increasing. It is said that GPUs have much higher peak 
floating-point processing power and memory bandwidth than CPUs (Central 
Processing Units). We have studied the effectiveness of GPUs by applying them to 
fundamental scientific and engineering calculations with CUDA (Compute Unified 
Device Architecture) development tools. The results have shown as follows: 
1)Computations on GPUs are effective for such calculations as matrix operation, FFT 
(Fast Fourier Transform) and CFD (Computational Fluid Dynamics) in nuclear 
research region. 2)Highly-advanced programming is required for bringing out high 
performance of GPUs. 3)Double-precision performance is low and ECC (Error 
Correction Code) in graphic memory systems supports are lacking. 
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GeForce 8600GT 5)
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32 1Warp

3.3
CUDA SDK

MatrixMul × )

CPU GPU

CUDA (1) (5)

(MatrixMul_kernel.cu)

MatrixMul.cu GPU CPU GPU

CUDA CUDA_SAFE_CALL

(1)GPU

cudaMalloc((void**) &d_A, mem_size_A) 

(2) GPU

cudaMemcpy(d_A, h_A, mem_size_A,cudaMemcpyHostToDevice)  

(3)

dim3 threads(BLOCK_SIZE, BLOCK_SIZE); 

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

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

(4)

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

(5)

  cudaMemcpy(h_C, d_C, mem_size_C,cudaMemcpyDeviceToHost)  

  cudaFree(d_A) 

CUDA (3)
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3.4 
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matrixMul_kernel.cu(1/3)6)

  1  * Copyright 1993-2007 NVIDIA Corporation.  All rights reserved.
  2  *
  3  * NOTICE TO USER:
  4  *
  5  * This source code is subject to NVIDIA ownership rights under U.S. and 
  6  * international Copyright laws.  Users and possessors of this source code 
  7  * are hereby granted a nonexclusive, royalty-free license to use this code 
  8  * in individual and commercial software. 
  9  *
 10  * NVIDIA MAKES NO REPRESENTATION ABOUT THE SUITABILITY OF THIS SOURCE 
 11  * CODE FOR ANY PURPOSE.  IT IS PROVIDED "AS IS" WITHOUT EXPRESS OR 
 12  * IMPLIED WARRANTY OF ANY KIND.  NVIDIA DISCLAIMS ALL WARRANTIES WITH 
 13  * REGARD TO THIS SOURCE CODE, INCLUDING ALL IMPLIED WARRANTIES OF 
 14 * MERCHANTABILITY, NONINFRINGEMENT, AND FITNESS FOR A PARTICULAR 
PURPOSE. 
 15  * IN NO EVENT SHALL NVIDIA BE LIABLE FOR ANY SPECIAL, INDIRECT, INCIDENTAL,
 16  * OR CONSEQUENTIAL DAMAGES, OR ANY DAMAGES WHATSOEVER RESULTING 
FROM LOSS 
 17  * OF USE, DATA OR PROFITS,  WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE
 18  * OR OTHER TORTIOUS ACTION,  ARISING OUT OF OR IN CONNECTION WITH THE 
USE 
 19  * OR PERFORMANCE OF THIS SOURCE CODE. 
 20  * 
 21  * U.S. Government End Users.   This source code is a "commercial item" as 
 22  * that term is defined at  48 C.F.R. 2.101 (OCT 1995), consisting  of 
 23  * "commercial computer  software"  and "commercial computer software 
 24  * documentation" as such terms are  used in 48 C.F.R. 12.212 (SEPT 1995) 
 25  * and is provided to the U.S. Government only as a commercial end item. 
 26  * Consistent with 48 C.F.R.12.212 and 48 C.F.R. 227.7202-1 through 
 27  * 227.7202-4 (JUNE 1995), all U.S. Government End Users acquire the 
 28  * source code with only those rights set forth herein. 
 29  * 
 30  * Any use of this source code in individual and commercial software must 
 31  * include, in the user documentation and internal comments to the code, 
 32  * the above Disclaimer and U.S. Government End Users Notice. 
 33  */ 
 34 
 35 /* Matrix multiplication: C = A * B. 
 36  * Device code. 
 37  */ 
 38 
 39 #ifndef _MATRIXMUL_KERNEL_H_ 
 40 #define _MATRIXMUL_KERNEL_H_ 
 41 
 42 #include <stdio.h> 
 43 #include "matrixMul.h" 
 44 
 45 #define CHECK_BANK_CONFLICTS 0 
 46 #if CHECK_BANK_CONFLICTS 
 47 #define AS(i, j) CUT_BANK_CHECKER(((float*)&As[0][0]), (BLOCK_SIZE * i + j)) 
 48 #define BS(i, j) CUT_BANK_CHECKER(((float*)&Bs[0][0]), (BLOCK_SIZE * i + j)) 
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matrixMul_kernel.cu(2/3)6)

 49 #else 
 50 #define AS(i, j) As[i][j] 
 51 #define BS(i, j) Bs[i][j] 
 52 #endif 
 53 
 54 //////////////////////////////////////////////////////////////////////////////// 
 55 //! Matrix multiplication on the device: C = A * B 
 56 //! wA is A's width and wB is B's width 
 57 //////////////////////////////////////////////////////////////////////////////// 
 58 __global__ void 
 59 matrixMul( float* C, float* A, float* B, int wA, int wB) 
 60 { 
 61     // Block index 
 62     int bx = blockIdx.x; 
 63     int by = blockIdx.y; 
 64 
 65     // Thread index 
 66     int tx = threadIdx.x; 
 67     int ty = threadIdx.y; 
 68 
 69     // Index of the first sub-matrix of A processed by the block 
 70     int aBegin = wA * BLOCK_SIZE * by; 
 71 
 72     // Index of the last sub-matrix of A processed by the block 
 73     int aEnd   = aBegin + wA - 1; 
 74 
 75     // Step size used to iterate through the sub-matrices of A 
 76     int aStep  = BLOCK_SIZE; 
 77 
 78     // Index of the first sub-matrix of B processed by the block 
 79     int bBegin = BLOCK_SIZE * bx; 
 80 
 81     // Step size used to iterate through the sub-matrices of B 
 82     int bStep  = BLOCK_SIZE * wB; 
 83 
 84     // Csub is used to store the element of the block sub-matrix 
 85     // that is computed by the thread 
 86     float Csub = 0; 
 87 
 88     // Loop over all the sub-matrices of A and B 
 89     // required to compute the block sub-matrix 
 90     for (int a = aBegin, b = bBegin; 
 91              a <= aEnd; 
 92              a += aStep, b += bStep) { 
 93 
 94         // Declaration of the shared memory array As used to 
 95         // store the sub-matrix of A 
 96         __shared__ float As[BLOCK_SIZE][BLOCK_SIZE]; 
 97 
 98         // Declaration of the shared memory array Bs used to 
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matrixMul_kernel.cu(3/3)6)

 99         // store the sub-matrix of B
100         __shared__ float Bs[BLOCK_SIZE][BLOCK_SIZE]; 
101 
102         // Load the matrices from device memory 
103         // to shared memory; each thread loads 
104         // one element of each matrix 
105         AS(ty, tx) = A[a + wA * ty + tx]; 
106         BS(ty, tx) = B[b + wB * ty + tx]; 
107 
108         // Synchronize to make sure the matrices are loaded 
109         __syncthreads(); 
110 
111         // Multiply the two matrices together; 
112         // each thread computes one element 
113         // of the block sub-matrix 
114         for (int k = 0; k < BLOCK_SIZE; ++k) 
115             Csub += AS(ty, k) * BS(k, tx); 
116 
117         // Synchronize to make sure that the preceding 
118         // computation is done before loading two new 
119         // sub-matrices of A and B in the next iteration 
120         __syncthreads(); 
121     } 
122 
123     // Write the block sub-matrix to device memory; 
124     // each thread writes one element 
125     int c = wB * BLOCK_SIZE * by + BLOCK_SIZE * bx; 
126     C[c + wB * ty + tx] = Csub; 
127 } 
128 
129 #endif // #ifndef _MATRIXMUL_KERNEL_H_ 
130 
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matrixMul.h6)

   * Copyright 1993-2007 NVIDIA Corporation.  All rights reserved. 
 1 #ifndef _MATRIXMUL_H_ 
 2 #define _MATRIXMUL_H_ 
 3 
 4 // Thread block size 
 5 #define BLOCK_SIZE 16 
 6 
 7 // Matrix dimensions 
 8 // (chosen as multiples of the thread block size for simplicity) 
 9 #define WA (3 * BLOCK_SIZE) // Matrix A width 
10 #define HA (5 * BLOCK_SIZE) // Matrix A height 
11 #define WB (8 * BLOCK_SIZE) // Matrix B width 
12 #define HB WA  // Matrix B height 
13 #define WC WB  // Matrix C width 
14 #define HC HA  // Matrix C height 
15 
16 #endif // _MATRIXMUL_H_ 
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FORTRAN CUDA

FORTRAN
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Algebra Subroutine) FFT(Fast Fourier Transform)
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CUFFT

1
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FORTRAN
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GPU

CUBLAS sgemm 2048×2048

(ms) (MFlops)

time =  0.4212   MFLOPS=  40787.6562 

4.2.2. MKL
CUBLAS Intel MKL
sgemm CPU

(ms) (MFlops)

  time =   1.3104   MFLOPS=  13110.3057 

4.3.
GeForce8600GT G80

32 (MUL)
(MAD)

(MUL+MAD)× MP× SP×1180(MHz) 113.28(GFlops) 

CPU Intel E6750 2.66GHz

×2.66(GHz) 21.3(GFlops) 

2048×2048 MKL
CUBLAS 36%

MUL MAD

1024×1024 1024

icl /O3 /c fortran.c 
ifort  /O3 /fpp /DCUBLAS sgemm_speed.f90 fortran.obj cublas.lib 

ifort  /fpp /O3 sgemm_speed.f90  mkl_c.lib libguide40.lib 
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sgemm_speed.f90(1/2)7)

   * Copyright 1993-2007 NVIDIA Corporation.  All rights reserved. 
  1 program matrix_multiply 
  2 implicit none 
  3 ! Define the floating point kind to be  single_precision 
  4 integer, parameter :: fp_kind = kind(0.0) 
  5 ! Define 
  6 real (fp_kind), dimension(:,:), allocatable ::      A, B, C 
  7 real ::      time_start,time_end 
  8 real (fp_kind)::      alpha=1._fp_kind,beta=1._fp_kind, c_right 
  9 integer::  i,j,m1,m2 
 10 do m1=128,2560,32 
 11  allocate(A(m1,m1)) 
 12  allocate(B(m1,m1)) 
 13  allocate(C(m1,m1)) 
 14 ! Initialize the matrices A,B and C 
 15  A=1._fp_kind 
 16  B=2._fp_kind 
 17  C=3._fp_kind 
 18 c_right= 2._fp_kind*m1+3._fp_kind 
 19 ! Compute the matrix product  computation 
 20  call cpu_time(time_start) 
 21 #ifdef CUBLAS 
 22  call cublas_SGEMM ('n','n',m1,m1,m1,alpha,A,m1,B,m1,beta,C,m1) 
 23 #else 
 24   call SGEMM ('n','n',m1,m1,m1,alpha,A,m1,B,m1,beta,C,m1) 
 25 #endif 
 26  call cpu_time(time_end) 
 27 ! Print timing information 
 28 print "(i5,1x,a,1x,f8.4,2x,a,f12.4)", m1, " time =",time_end-time_start, " 
MFLOPS=",1.e-6*2._fp_kind*m1*m1*m1/(time_end-time_start) 
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sgemm_speed.f90(2/2)7)

2048×2048

(ms) (GFlops) (%) 
sgemm_speed.f90/ 

GPU /CUBLAS 
421 40.8 36.0 

sgemm_speed.f90/ 
CPU /Intel MKL 

1311 13.1 61.5 

matrixMul.cu / 
GPU/ 967 17.8 15.7 

matrixMul.cu / 
CPU/ 3277409

 29 ! check the result 
 30      do j=1,m1 
 31       do i=1,m1 
 32        if ( abs(c(i,j)- c_right ) .gt. 1.d-8 ) then 
 33              print *, "sgemm failed", i,j, abs(c(i,j)- c_right ) 
 34              exit 
 35        end if 
 36       end do 
 37      end do 
 38 
 39  deallocate(A,B,C) 
 40 end do 
 41 end program matrix_multiplyly 
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