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A Preliminary Method for Multi-dimensional Data Decomposition for
Executing a Single-GPU code on Multi-GPU Environments

RYOTARO Sakarl FumiHIKO Ino!

KENICHI HAGIHARA!

Abstract: In this paper, we present a preliminary method for multi-dimensional data decomposition, aim-
ing at realizing multi-GPU acceleration of the compute unified device architecture (CUDA) code written
for a single graphics processing unit (GPU). Our method, namely an extension of a previous method that
deals with one-dimensional data, performs a sampling run of selected threads to generate small segments
by decomposing large data that cannot be stored entirely in GPU memory. As compared with the previous
method, our method realizes smaller segment size, so that it saves the usage of GPU memory and reduces
the amount of CPU-GPU data transfer. As a result of preliminary experiments using matrix multiplication,
the presented method reduced the usage of GPU memory by 80%, and thereby correctly processed large
matrices that can be stored in CPU memory. However, we found that index translation needed for data
decomposition dropped the effective performance by 27%.
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Fig. 1 Memory access range estimated by the previous method

[3]. Rows in a two-dimensional array are accessed.
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Fig. 2 Processing flow of the previous system [3].
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__kernel void func(__global float* A,

__global float* B, float d, int s, int w, int h)

{

int get_local_id(0) + get_group_id (0)x*s;

int get_local_id (1) + get_group_id(1)*s;

int = get_local_id(2) + get_group_id(2)*s;

Bow oo e
I

int i + j*xw + k*wxh;

B[n]l = d * A[nl;

03 GgpUDOOOODO
Fig. 3 An example of GPU code.

void _samp_func(int _10, int _11, int _12,
int _g0, int _gl, int _g2,
float* A, float* B, float d,
int s, int w, int h)
{
int i = _10 + _gOx*s;
int j = _11 + _glx*s;
int k = _12 + _g2*s;
int n = i + j*w + k*wxh;

ACCESS_READ (A, n); ACCESS_WRITE(B, n);
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Fig. 4 An example of sampling code.
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Fig. 5 Estimating the memory access range for multi-dimensional data.
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Fig. 6 The coordinate systems for a three-dimensional array

before and after decomposition.
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Fig. 7 Data decomposition for matrix multiplication by the

previous method and our method.
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Fig. 9 Effective performance of matrix multiplication.
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