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Implementation of a tunable sparse matrix-vector product
kernel using OpenCL on graphics processing units

F. Mossaiby

1. Department of Civil Engineering, Faculty of Engineering, University of Isfahan

Abstract: Sparse matrix-vector multiplication (SpMV) is the key operation in the iterative methods for solving linear systems
of equations. Almost all numerical methods need to solve such a system in their solution procedure. There have been a lot of
researches on this subject and it is still a very hot research area. One of the best methods to increase the performance of this
operation is using graphics processing units (GPUs). These processors have had a great improvement in their processing
capabilities. In this research, a new method to perform this operation using open computing language (OpenCL) is presented.
The results show that by optimizing the parameters of this method one can gain a much higher performance compared to CPUs,
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even when using the open multi-processing standard (OpenMP). Also, the results show that there is not much sensitivity near the
optimal parameters, which paves the way to estimate them from the matrix properties.

Keywords: Sparse matrix-vector product, Graphics processing unit (GPU), Open computing language (OpenCL)
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for (unsigned int i = 0; i1 < NumberOfRows; i++)
{
double Sum = 0.00;
for (unsigned int j = 0; j < NumberOfColumns; j++)
{
Sum += A[i][j] * XI[Jj1;
}
Y[i] = Sum;
}
Wedi3la 5 535 513z 53 (5170 SUam il o 022, S8 (55 lmosly Y JSS
for (unsigned int i = 0; 1 < NumberOfRows; i++)
{

double Sum = 0.00;

for (unsigned int j = RowIndices|[i];

{

Sum += Values[j] * X[ColumnIndices([j]];

j < RowIndices[i + 11; j++)
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void AddVec (
const double *x,
const double *y,
double *z,
unsigned int N)
{

for (unsigned int i = 0; 1 < N; i++)

z[1] = x[1] + y[i];

__kernel void AddVec (
__global const double *x,
__global const double *y,
__global double *z,
unsigned int N)
{
unsigned int i = get global id(0);

if (i < N)

Slmlons 5151 0b3 3 OF doles (gamn 5 65305 555 RIS b Jls 0 53 o 4l -0 S5

__kernel void SpMV Naive (
__global unsigned int const *RowIndices,
__global unsigned int. const *ColumnIndices,
__global unsigned int const *Values,
__global double const *X,
__global double *Y,
unsigned int N)

unsigned int i = get global id(0);

if (1 < N)
{
double Sum = 0.00;

for (unsigned int j =

{
Sum += Values[j] * X[ColumnIndices[]j]];

RowIndices([i]; j < RowIndices[i + 1]; j++)
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// WORKGROUP SIZE BITS and ROWS PER WORKGROUP BITS are to be defined

// on the command-line

#define WORKGROUP SIZE (1 << WORKGROUP SIZE BITS)
#define ROWS PER WORKGROUP (1 << ROWS PER WORKGROUP BITS)

#define LOCAL WORKGROUP SIZE BITS (WORKGROUP SIZE BITS - \

ROWS PER WORKGROUP BITS)

#define LOCAL WORKGROUP SIZE (1 << LOCAL WORKGROUP SIZE BITS)

__kernel void _ attribute ((reqgd work group size (WORKGROUP SIZE, 1, 1))) SpMV(

__global unsigned int const *RowIndices,

__global unsigned int const *ColumnIndices,

__global double const *Values,
__global double const *X,
__global double *Y,

unsigned int N,

~local double *Buffer)

const unsigned int gid = get group id(0)
const unsigned int tid get local id(0)

’

’

const unsigned int lgid = tid >> LOCAL WORKGROUP SIZE BITS;

const unsigned int 1ltid

tid & (LOCAL WORKGROUP SIZE - 1);

const unsigned int Row = (gid << ROWS_ PER WORKGROUP BITS) + lgid;

if (Row < N)
{
Buffer[tid] = 0.00;

const unsigned int Start = RowIndices|[Row];
const unsigned int End = RowlIndices[Row + 1];

// Actual multiplication

for (unsigned int i = Start + ltid; i < End; i += LOCAL WORKGROUP_ SIZE)

{

Buffer[tid] += Values[i] * X[ColumnIndices[i]];

}
}

// __local memory barrier
barrier (CLK_LOCAL'MEM FENCE) ;

// Reduction of results
#if LOCAL WORKGROUP SIZE > 512

if (Row < N)
{
if (ltid < 512)
{
Buffer([tid] += Buffer[tid + 512];
}
}

barrier (CLK_LOCAL MEM FENCE) ;

VY
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#endif
#if LOCAL WORKGROUP SIZE > 256

if (Row < N)
{
if (ltid < 256)
{
Buffer[tid] += Buffer([tid + 256];
}
}

barrier (CLK_LOCAL MEM FENCE) ;
#endif
#if LOCAL WORKGROUP SIZE > 128

if (Row < N)
{
if (ltid < 128)
{
Buffer[tid] += Buffer[tid + 128];
}
}

barrier (CLK_LOCAL MEM FENCE) ;
#endif
#if LOCAL WORKGROUP_ SIZE > 64

if (Row < N)
{
if (ltid < 64)
{
Buffer[tid] += Buffer[tid + 64];
}
}

barrier (CLK_LOCAL MEM FENCE) ;
#endif
#if LOCAL WORKGROUP SIZE > 32
if (Row < N)
{ if (ltid < 32)

{
Buffer[tid] += Buffer[tid + 32];

}
}
barrier (CLK_LOCAL MEM FENCE) ;

#endif

\\"Q\’ QLL.V.’U c\ S)Lw.i: A‘Y JLN ‘A.?M'W DL 63.1.9 LSL@‘;}) \YI?


www.sid.ir

#if LOCAL WORKGROUP_SIZE > 16

if (Row < N)
{
if (1tid < 16)
{
Buffer[tid] += Buffer([tid + 16];

}
}

barrier (CLK_LOCAL MEM FENCE) ;
#endif
#if LOCAL WORKGROUP SIZE > 8

if (Row < N)
{
if (ltid < 8)
{
Buffer[tid] += Buffer[tid + 8];
}
}

barrier (CLK LOCAL MEM FENCE) ;
#endif
#if LOCAL WORKGROUP_SIZE > 4
if (Row < N)
{ if (ltid < 4)
{ Buffer[tid] += Buffer[tid + 4];
}
}
barrier (CLK_LOCAL MEM FENCE) ;
#endif
#if LOCAL WORKGROUP SIZE > 2
if (Row < N)
{ if (ltid < 2)

{
Buffer[tid] += Buffer([tid + 2];

}
}
barrier (CLK_LOCAL MEM FENCE);
#endif

#if LOCAL WORKGROUP SIZE > 1
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if (Row < N)
{
if (1tid < 1)
{
Buffer[tid] += Buffer([tid + 1];
}
}

barrier (CLK_LOCAL MEM FENCE);
#endif

if (Row < N)
{
// Store final result
if (1tid == 0)
{
Y [Row]
}

Buffer[tid];
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#pragma omp parallel for

for (unsigned int i = 0; i < NumberOfRows; i++)
{
double Sum = 0.00;

for (unsigned int j = RowIndices[i1i]; j < RowIndices[i + 1]; J++)
{

Sum += Values[]j] * X[ColumnIndices[]]];
}
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12. distributed memory
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14.1ocal area network (lan)
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