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Abstract

This paper presents a case study of hybrid programming for a pure Python-implemented finite ele-
ment forward modeling algorithm for the resistivity method, spanning from performance profiling
to targeted optimization. Through performance profiling, it was found that for small to medium-
scale meshes, the matrix assembly process accounts for over 75% of the total computation time,
making it the primary performance bottleneck of the program. To address this, the global stiffness
matrix assembly module (including element calculations) was rewritten with Cython static typing,
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significantly enhancing code execution efficiency. Experimental results demonstrate that the opti-
mized algorithm achieves a speedup of up to 62x for the matrix assembly module while maintaining
computational accuracy, reducing the overhead of the Python interpreter in hot functions to negli-
gible levels. Under the typical test model, the matrix assembly module achieves a 53x speedup, and
the overall program execution efficiency improves by approximately 6.4x.
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Table 1. Key function performance profiling of pure Python version
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Figure 1. Performance profiling flowchart
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Table 2. Accuracy verification of Cython optimized version
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0.0 0.000000 0.127323 x 10713 0.127323 x 10713
1.0 0.212201 x 103 0.212201 x 103 0.212201 x 103
2.0 0.424409 x 10? 0.424409 x 10? 0.424409 x 10?
3.0 0.181890 x 10> 0.181890 x 10> 0.181890 x 10>
4.0 0.101050 x 10> 0.101050 x 10> 0.101050 x 10>
5.0 0.643048 x 10! 0.643048 x 10! 0.643048 x 10!
6.0 0.445187 x 10! 0.445187 x 10! 0.445187 x 10!
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7.0 0.326471 x 10! 0.326471 x 10! 0.326471 x 10!
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Table 3. Comparison of core computation module time consumption for typical model
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Figure 2. Comparison of core computation module time consumption
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Table 4. Matrix optimization performance under different mesh scales
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63 x 41 x 21 5.79 0.10 57.90
93 x 61 x 33 22.88 0.43 53.21
115 x 71 x 36 34.90 0.56 62.32
141 x 83 x 41 55.50 0.93 59.68
161 x 101 x 51 95.25 1.65 57.73
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Figure 3. Speedup variation trend with mesh scale
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Table 5. Time consumption comparison of matrix assembly and solver under different mesh scales
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63 x 41 x 21 0.10 0.60 85.7
93 x 61 x 33 0.43 4.15 90.6
115 % 71 % 36 0.56 7.26 92.8
141 x 83 x 41 0.93 19.57 95.5
161 x 101 x 51 1.65 66.07 97.6
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