SR EsE
https://doi.org/10.22710/JICT.2018.8.1.015

GPU 7]t ¥ Q4]

=1
=l

O\'

& EFpjedAL =2 Vol 8, No. 1, pp. 15-20 (2018)

-

A= g ekl

Copyright © 2018 ICT
ISSN :2233-8667

228§ 2F
-
5 7 A

Matrix Addition & Scalar Multiplication on the GPU

Sangkun Park’

Department of Mechanical Engineering, Korea National University of Transportation, Daehak-ro 50,
Chungju-si, Chungbuk 27469, Korea
(Received 2018.07.20 / Accepted 2018.10.29)

Abstract

: Recently a GPU has acquired programmability to perform general purpose computation fast by running

thousands of threads concurrently. This paper presents a parallel GPU computation algorithm for dense matrix-matrix
addition and scalar multiplication using OpenGL compute shader. It can play a very important role as a fundamental
building block for many high-performance computing applications. Experimental results on NVIDIA Quad 4000 show
that the proposed algorithm runs 21 times faster than CPU algorithm and achieves performance of 16 GFLOPS in single
precision for dense matrices with size 4,096. Such performance proves that our algorithm is practical for real

applications.
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Algorithm 1-1
void glWriteBuffer( GLuint buffer, GLintptr offset, GLsizeiptr
size, const GLvoid* data, GLuint index, GLenum usage )
{
gIBindBuffer(GL_SHADER_STORAGE BUFFER, buffer);
glBufferData(GL_SHADER _STORAGE BUFFER, size, data,
usage);
glBindBufferBase(GL_SHADER_STORAGE_BUFFER,
index, buffer);
¥

void glReadBuffer( GLuint buffer, GLintptr offset, GLsizeiptr
size, GLvoid * data )
{
glBindBuffer(GL_SHADER_STORAGE BUFFER, buffer);
glGetBufferSubData( GL_SHADER_STORAGE BUFFER,
offset, size, data );

}

void glCloseBuffer( GLuint buffer, GLuint index )
{
glBindBufferBase(GL_SHADER_STORAGE_BUFFER,
index, 0);
glDeleteBuffers( 1, &buffer );
}
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Algorithm 1-2

void add( float a, Matrix& A, float b, Matrix& B, Matrix& R )
{
/| Data to GPU
GLuint ssbo_A, ssbo_B, ssbo_R;
glOpenBuffer(ssbo_A);
glWriteBuffer(ssbo_A, 0, (A.m*A.n) * sizeof(float),
&A.V[0], 0, GL_STATIC_DRAW);
glOpenBuffer(ssbo_B);
glWriteBuffer(ssbo_B, 0, (B.m*B.n) * sizeof(float),
&B.v[0], 1, GL_STATIC_DRAW);

glOpenBuffer(ssbo R);
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glWriteBuffer(ssbo_R, 0, (R.m*R.n) * sizeof(float),
NULL, 2, GL_STATIC_READY;
¢lBindBuffer(GL_SHADER_STORAGE_BUFFER, 0);

/I GPU Processing
uint BLOCK_SIZE = 512;
uint gsize = (m*n +BLOCK_SIZE - 1)/ BLOCK_SIZE);
glUseProgram(math_add);
glUniform1ui(glGetUniformLocation(
math_add, "m"), m);
glUniform1ui(glGetUniformLocation(
math_add, "n"), n);
glUniform1f(glGetUniformLocation(
math_add, "a"), a);
glUniform1f(glGetUniformLocation(
math_add, "b"), b);
glDispatchCompute(gsize, 1, 1);
glUseProgram(0);

// Data from GPU

glUseProgram(math_add);

glReadBuffer(ssbo_R, 0, (R.m*R.n) * sizeof(float), &R.v[0]);
glUseProgram(0);

glCloseBuffer(ssbo_A, 0);
glCloseBuffer(ssbo B, 1);
glCloseBuffer(ssbo R, 2);

uniform uint n;
uniform float a;

uniform float b;

layout(std430, binding=0) buffer ssbo_A { float A[]; };
layout(std430, binding=1) buffer ssbo_B { float B[]; };
#ifdef USE_SSBO_R

layout(std430, binding=2) buffer ssbo_R { float R[]; };
#endif

const uint BLOCK_SIZE = gl_WorkGroupSize.x;

void main()
{
uint g =gl GloballnvocationID.x;
uint offset =
gl WorkGroupSize.x * gl NumWorkGroups.x;
uint mn = m*n;
while( g <mn)
{
#ifdef USE_SSBO_R
Rlg] =a*Alg] + b*Blg];
#else
Alg] = a*Alg] + b*B[gl;
#endif
g +=offset;

H 318 = F E oA Matrix A2} Matrix B= 33
SAE 1%k 9 fEolal (JE Y] A27]+= m x n)

Matrix R2 7| 4bo] 5 23} 3§ o]t} math_add= A
of wlgl HmAds| F> GPU Z213 IDo|il,
glUniformlui()2} glGetUniformLocation()+= math add
of| A AF-8-2 uniform H| o] ¥ {12 %55h= OpenGL
grolt}. 18] AL glDispatchCompute()+= 47| 42 H o]
o|EE 7}A 1 HEAALS -‘H%P invocation5-2 A4
5= OpenGL HI7E 4llo|t] g<olth. AA= o] 7
2ol A vk Aol aveh i AlLte] 3 E Tk

Algorithm 2

#version 430 core

#define USE_SSBO R

layout(local_size x =512, local_size_y =1, local_size z=1)in;

uniform uint m;
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Table 1 Performance comparison of CPU and GPU-
algorithm

CPU GPU
NxN Al A
AlZ+ | GFLOPS| A7t | GFLOPS
(ms) (ms)

speedups

128x 128 | 0.67 0.73 0.01 4.92 7
256 x 256 | 2.56 0.77 0.02 8.55 11
512x512 | 10.21 0.77 0.08 9.36 12
1024 x 1024 | 40.77 0.77 0.25 12.43 16
2048 x 2048 | 174.44 | 0.72 0.96 13.05 18

4096 x 4096 | 654.82 | 0.77 3.12 16.11 21

CPU vs GPU

16.11

GFLOPS
Speedups

o HEN WS W W WY W

n=128 n=256 n=512 n=1024 n=2048 n=40%
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Fig. 1 Performance comparison of CPU-algorithm and
GPU-algorithm
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