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A Single-Core Instruction-Level Optimization Method for

Computational Fluid Dynamics Programs
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(Department of Computer Science and Technology, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: A single-core instruction-level optimization method for computational fluid dynamics
(CFD) programs is proposed to overcome the shortage of most current CFD programs in utilizing
the single-core computing power of a system. The method first analyzes the performance
indicators of a program to find potential performance deficiencies, and then optimizes them
according to the analysis results. Then the memory structure and memory access sequence are
adjusted according to the memory access characteristics of the system and the container to
optimize memory access performance and space overhead. The pipeline mechanism of CPU is
analyzed, and the control correlation and data correlation of instructions in loops and branches are
eliminated to reduce the pipeline interruption rate. Both the characteristics of a compiler
processing the high-level language and the runtime stack at the instruction level are analyzed to
optimize the instruction structure and to reduce instruction redundancy and duplication.
Experimental results show that the performance of the optimized program is greatly improved.
Testings on TTANHE-1A supercomputer system show that the execution time of the program

reduces by 68.34% and the space consumption reduces by 55.43%. Analyses show that the
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performance of the program is greatly improved in pipeline interruption rate, cache hit rate and

number of machine instructions. It shows that the proposed method has more coverage than other

existing optimization methods and better optimization effect, and has a good reference value.

Keywords: computational fluid dynamics program; instruction-level optimization; memory-access

optimization; pipeline optimization
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