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Introduction
• OpenCL provides functional portability, but does not

guarantee performance portability.

• The majority of existing OpenCL programs are GPU-
specific, which typically cannot achieve good 
performance on CPUs.

• To improve performance portability, a new kind of array-
access descriptors is derived from kernels, which is then
used to:
– 1) remove unwanted local-memory arrays together with 

obsolete barriers;
– 2) perform vectorization and locality re-exploitation.

Front In
form Technol & Electron Eng



A linear descriptor of array access 
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Analysis-based coalescing 

• Eliminating unnecessary local-memory arrays 

If write-read descriptor pair 
becomes identical via variable 
substitution

Local memory read can be
transformed to direct global 
memory read
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Analysis-based coalescing 

• Eliminating barriers via dependence analysis 

Dependence analysis scope Dependence analysis equation
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Architecture-adaptive post optimizations 
• Vectorization
• Data locality re-exploitation 
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Tool chain and supporting scheduler 
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Performance evaluation 

• Kernel execution time
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Performance evaluation 

• Performance 
improvement 
due to each 
step
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Conclusions
• To improve the performance portability of OpenCL kernels from 

GPUs to CPUs, this paper presents a novel and effective
transformation methodology based on array access analysis.

• The proposed methodology achieves high speedup by
alleviating two particular problems that have not been well 
addressed:
– The potential side-effects induced by using local-memory arrays on 

CPUs;

– The possibility of poor data locality caused by neglecting or blindly 
inheriting locality embedded in the original GPU-specific kernels. Front In

form Technol & Electron Eng




