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High Performance Implementation of Conjugate Gradient Method Using
OpenCL on Graphics Processing Units

F. M ossaiby
Department of Civil Engineering, Faculty of Engineering, University of Isfahan

Abstract: Most solution methods for Partial Differential Equations (PDEs) find their unknowns through solving a linear
system of equations. This step consumes a considerable part of total solution time, and hence accelerating the solution of linear
systemsof equationshas been the subject of many researches. I n this research we solve linear systems of equations on Graphics
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Processing Units (GPUs) using a tunable Sparse Matrix-Vector multiplication (SpMV) implemented in Open Computing
Language (OpenCL). We use the Conjugate Gradient (CG) method to this end. Kernel parameters are set such that the linear
system of equation is solved in the fastest way possible. For a better performance, two variants of CG which most comply the
execution model in OpenCL areimplemented and their performances are compared with ViennaCL library on CPU and GPU. In
both variants, the kernelsarefused to reduce the kernel launch overhead. Theresults show that the proposed method consistently
outperforms the ViennaCL library on a wide range of test systems and problems.

Keywords: Solution of linear systems of equations, Conjugate Gradient method, Graphics processing unit (GPU), Open

computing language (OpenCL).
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__kernel void

__attribute__ ((reqd_work_group_size(WORKGROUP_SIZE, 1, 1)))
InnerProd(

__global double const *X_Values,

__global double const *Y_Values,

__global double *Z Values,

int N,

__local double *Buffer

N\

int gid = get_global_id(0);

// Serial part
double Accumulator = 0.00;

while (gid < N)
{
Accumulator += X_Values[gid] * Y_Values[gid];

gid += get_global_size(0);
}

// Parallel part

int lid = get_local_id(0);

Buffer[1id] = Accumulator;

barrier(CLK_LOCAL_MEM_FENCE);
#iT WORKGROUP_SIZE > 512

if (lid < 512)

Buffer[lid] += Buffer[lid + 512];
}

barrier(CLK_LOCAL_MEM_FENCE);
#endif
#iT WORKGROUP_SIZE > 256

if (lid < 256)

Buffer[lid] += Buffer[lid + 256];

barrier(CLK_LOCAL_MEM_FENCE);
#endif
#iT WORKGROUP_SIZE > 128

if (lid < 128)

Buffer[lid] += Buffer[lid + 128];

barrier(CLK_LOCAL_MEM_FENCE);

#endif
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#if WORKGROUP_SIZE > 64
if (lid < 64)

Buffer[lid] += Buffer[lid + 64];
}

barrier(CLK_LOCAL_MEM_FENCE);
#endif
#if WORKGROUP_SIZE > 32

if (lid < 32)

Buffer[lid] += Buffer[lid + 32];
}

barrier(CLK_LOCAL_MEM_FENCE);
#endif
#iT WORKGROUP_SIZE > 16

if (lid < 16)

Buffer[lid] += Buffer[lid + 16];
}

barrier(CLK_LOCAL_MEM_FENCE);
#endif
#if WORKGROUP_SIZE > 8

if (lid < 8)

Buffer[lid] += Buffer[lid + 8];
}

barrier(CLK_LOCAL_MEM_FENCE);
#endif
#iT WORKGROUP_SIZE > 4

if (lid < 4)

Buffer[lid] += Buffer[lid + 4];
}

barrier(CLK_LOCAL_MEM_FENCE);
#endif
#i1f WORKGROUP_SIZE > 2

if (lid < 2)
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Buffer[lid] += Buffer[lid + 2];
}

barrier(CLK_LOCAL_MEM_FENCE);
#endif

#1T WORKGROUP_SIZE > 1

if (lid < 1)
Buffer[lid] += Buffer[lid + 1];
}
barrier(CLK_LOCAL_MEM_FENCE);
#endif
// Store final result
if (lid == 0)
€ _
Z Values[get_group_id(0)] = Buffer[0];
}
}
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1. direct methods 13. computationa accelerator 21. compute kernel
2. iterative methods 14. graphics processing unit 22. sparse
3. conjugate gradient (gpu) 23. reduction
4. bi-conjugate gradient 15. general processing on 24, parald reduction
5. Krylov sub-space methods graphics processing units 25. workgroup
6. symmetric positive definite (gpgpu) 26. open multi-processing
7. bi-conjugate gradient stabilized 16. cuda (openmp)
8. high performance computing (hpc) 17. NVIDIA 27. pre-processor macros
9. local areanetwork (lan) 18. Apple 28. timemarching
10. distributed memory 19. open computing language 29. vector update
11. multi-core (opencl) 30. kernd fusing
12. shared memory 20. open standard 31. STREAM
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