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Efficient OpenCL programming system for multi-core DSPs
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(College of Computer Science and Technology, National University of Defense Technology, Changsha 410073 , China)

Abstract: With the widespread application of multi-core DSP (digital signal processor) in high-performance computing and
artificial intelligence, achieving efficient and portable parallel programming on these heterogeneous architectures has become a
significant challenge. An efficient OpenCL-based (open computing language-based) heterogeneous parallel programming system,
MOCLA4, was designed and implemented for the domestically developed heterogeneous multi-core DSP platform, FT-M7032.
MOCLA4 collaborates runtime and compiler optimizations to efficiently map OpenCL's SPMD (single program, multiple data)
execution model onto the DSP's SIMD (single instruction, multiple data) vector units, while supporting efficient DMA-based
(direct memory access-based) data transfers across memory hierarchies. Experimental results show that MOCL4, while ensuring
correctness of OpenCL semantics, significantly improves kernel execution performance. The average speedup on the PolyBench
benchmark suite is 10.12x, and its performance on typical compute-intensive tasks is close to that of manually optimized code.
MOCLA provides a parallel programming solution for multi-core DSPs that balances high performance with programmability.
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Fig.5 Normalization example
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Fig.6 GEMM kernel with vectorization and DMA
optimization
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Tab.2 Correctness test results of MOCL4

Wik HpIEcE it %y i 2
Runtime 31 30 97%
Kernel 77 67 87%
Workgroup 31 31 100%
Regression 95 93 98%
Total 234 221 95%
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Tab.3 Benchmark programs for startup overhead

optimization
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Fig.7 The speedups of MOCL4 over MOCL3
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Fig.8 The speedups of MOCLA4 kernel compiler
optimizations
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Fig.9 Performance comparison between hthreads and
MOCLA4 for GEMM (N=2048)
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Tab.4 Relative performance of optimized MOCL4 versus

optimized hthreads implementations across matrix sizes

SRR 2D-Null-AM+SM  2D-1D-AM+SM
512 56.64% 58.48%
1024 89.71% 87.71%
1536 97.21% 91.91%
2048 98.08% 94.16%
3072 99.74% 95.00%
4096 99.97% 95.31%
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Fig.10 Normalized runtime of GEMM across matrix sizes
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