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Interior Penalty Rule Based Evolutionary Algorithm for Constrained Optimization

CUI Cheng-Gang, YANG Xiao-Fei

(Shanghai Advanced Research Institute, The Chinese Academy of Sciences, Shanghai 201210, China)

Abstract: In order to combine constraints into the evaluation of feasible solutions, a set of interior penalty rules is proposed to improve
the efficiency of evolutionary algorithms in solving the constrained optimization problems. In these rules, interior penalty functions are
used to evaluate feasible solutions and constraint violations are used to evaluate infeasible solutions. In addition, an interior penalty rule
based evolution strategy algorithm is derived to solve constrained optimization problems. The theory validity of these rules is analyzed
based on the successful rate of an (1+1) evolutionary algorithm. The proposed approach is tested with 13 benchmark problems. The results
indicate that the presented approach is competitive with two existing state-of-the-art techniques.

Key words: constrained optimization; evolutionary algorithm; interior penalty function rule; evolution strategy
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Table 1 Comparison of the solutions found by our IPES against the SR, the SMES
% 1 IPES 57515 SR SVEM SMES S SR A NI i 85 (1) bL ¢

1695

. Methods
Prob Optimal Stat SR SMES IPES
Best -15.000 —15.000 —14.999
201 —15.000 Mean —15.000 -15.000 —-14.999
Worst -15.000 -15.000 —14.999
Best —0.803 515 —0.803 601 —-0.803 607
202 —-0.803 619 Mean —0.781 975 —0.785 238 -0.792 771
Worst —0.726 288 —0.751 322 —0.769 198
Best 1.000 1.000 1.000
203 1.000 Mean 1.000 1.000 1.000
Worst 1.000 1.000 1.000
p Best -30 665.539 —-30 665.539 —30 665.539
204 66_5 ;)39 Mean -30 665.539 -30 665.539 -30 665.539
. Worst -30 665.539 -30 665.539 —30 665.539
Best 5126.497 5126.599 5126.498
205 5126.497 Mean 5128.881 5174.492 5139.003
Worst 5142.472 5304.167 5197.991
Best -6 961.814 -6 961.814 -6 961.814
206 -6961.814 Mean -6 875.940 -6 961.284 -6 961.814
Worst —6350.262 —6 952.482 -6 961.814
Best 24.307 24.327 24.307
207 24.306 Mean 24.374 24.475 24.316
Worst 24.642 24.843 24.333
Best —-0.095 825 —-0.095 825 —0.095 825
208 —-0.095 825 Mean —-0.095 825 —-0.095 825 —0.095 825
Worst —0.095 825 —0.095 825 —0.095 825
Best 680.630 680.632 680.630
209 680.630 Mean 680.656 680.643 680.630
Worst 680.763 680.719 680.630
Best 7 054.316 7 051.903 7 051.341
gl0 7 049.248 Mean 7 559.192 7 253.047 7210.360
Worst 8 835.655 7 638.366 7376.721
Best 0.75 0.75 0.75
gll 0.75 Mean 0.75 0.75 0.75
Worst 0.75 0.75 0.75
Best 1.000 1.000 1.000
gl2 1.000 Mean 1.000 1.000 1.000
Worst 1.000 1.000 1.000
Best 0.053 957 0.053 986 0.053 950
gl3 0.053 950 Mean 0.067 543 0.166 385 0.146 26
Worst 0.216 915 0.468 294 0.453 029
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Fig.2 Comparison of the feasible rates of the IPES and the SMES
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Fig.3 Comparison of the success rates of the IPES and the SMES
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Fig.4 Comparison of the mean stepsizes of the IPES and the SMES
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Fig.5 Comparison of the convergence of the IPES and the SMES
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