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Lower deueeapment W OpenACC performs close to OpenCL/CUDA implementations

Spvagma ac data copy (a[0-LEN-LEN] BIO-LEN-LEN] clO-LEN-LEN] OpenACC source IPMACC Binary or object unless OpenCL/CUDA implementations use a different algorithm.
#pragmaacc kernels

Code System Compiler code P e CL_MEM_USE HOST PTR

#pragmaacc loop independent enACC
for(j=0: j<LEN: ++j){ Op c

floatsum=0;
for(1=0; I<LEN; ++I){
sum += a[i"LEN+I"b[I"LEN-];

Local memory
CL_MEM USE HOST PTR communication

} \ Compile flags

ClI'LEN+jj=sum; \?’ OpenACC OpenACC target: Optimization flags: Target compiler flags:
} ! matrix-matrix multiplication CUDA or OpenCL e.g. enable CUDA Read-Only Cache e.g. -arch=sm_35 2 —
int main() { B memory

bytes= (LEN*LEN) *sizeof (float) ;

d_a=(void*) clCreateBuffer (clctx, CL_MEM_READ_WRITE, ..
d_b-(void*) clCreateBuffer (clctx, CL_MEM_READ_WRITE, ..
d_c=(void*) clCreateBuffer (clctx, CL_MEM_READ_WRITE, ..

L) IPMACC Runtime ]

Normalized Execution Time
o =
o n N n

clEnqueueWriteBuffer (clemdqueue, (cl_mem)d
clEnqueuelriteBuffer (clcmdqueue, (cl_mem)d b, .. IPMACC features:
const char* kernelSource0 ="_ kernel void\\ Environment variables Generated
Mul global flo. * a, global floa * c, - -
Titr:i!;(;gb;;j‘c(u‘)?k\ #r_global float — e.g. verbose or debug modes Based on OanACC 2.0 openacc  opencl openacc opencl openacc opencl openacc opencl  Ope o openacc  opencl
int j=get_global_id(1);\\ -User-define data types (a) bfs hotspot nbody w pathfinder stad
0;\\
1 < LEN; 1+4+) sum += a [i * LEN + 1] . —Procedure Call mn the reglon
c [i * LEN + j] = sum;\\ 25
i libOpenCL.so libcudart.so libopenacc.so -Supports kernels, lOOp, data, . mkernel
clpgm0=clCreateProgramiithSource (clctx, 1, tkernelSource0, .. . R £
clerr=clBuildProgram(clpgm0, 0, NULL, " ", NULL, NULL); enter, and exit directives = B memory
clkern0=clCreateKernel (clpgm0, "matrixMul", sclerr); ’ 2.
clerr-clSetKernelArg (clkern0, 0, sizeof (cl mem), -Extensible to support more g
clerr=clSetKernelArg(clkern0, 1, sizeof (cl_mem), OpenCL or CUDA-capable accelerators 2
clerr-clSetKernelarg(clkern0, 2, sizeof (cl_mem), backends 3
clerr=clSetKernelArg (clkern0, 3, sizeof (int), H
size_t clgridDim[2]={LEN, LEN}; g 0.5
size_t clblockDim([2]={ ; =
size_t cloffsets[2]1={0,0}

uint clndims=2;
clerr-clEnqueueNDRangeKernel (clcmdqueue, clkern0, ..
clgridDim, clblockDim, 0, NULL, NULL);

clEnqueueReadBuffer (clcmdqueue, (cl_mem)d_c, CL

) 9d w‘gpenCL
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e i C il Performance comparison of (a) OpenCL vs OpenACC and (b) CUDA vs OpenACC
. to O . . under Rodinia Benchmark Suite.

Omni loop-to-thread mapping differs from IPMACC as
Omni generates a loop to assign more than one task to each thread
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In this paper, we introduce IPMACC a framework for executing e -=-CUDA H -=-CUDA
OpenACC for C applications over OpenCL runtime. We use over Vector-vector add » Reduction £ 2000 ¥ 400
. . . 5
Sframework to compare performance of OpenACC and OpenCL. 2 Dmemory M kernel . £ 1000 5 200
OpenACC API abstractions remove the low-level control from £ E 2 i -
E z
programmers' hand. To understand the low-level OpenCL 508 I 52KB 0.2MB O5SMB 15MB 4MB  12MB 5)KB 0.2MB 0.5MB 15MB 4MB 12MB
optimizations that are not applicable in OpenACC, we compare highly- 3 § 0.8
.. . . £ — 40
optimized OpenCL and OpenACC versions of a wide set of EO'G Eo.s Comparing the overhead of copyin, copyout, 2 Kernel launch
benchmarks. We show that under the investigated benchmarks, %0_4 %0_4 and reduction clauses and kernel launch. ‘,E-;zn /—/
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