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Imbalanced multi-modal multi-objective evolutionary algorithm driven
by exclusion mechanism
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Abstract: To address the issue that it is difficult to fully find the equivalent Pareto optimal solution sets in imbalanced
multimodal multi-objective optimization, this paper proposes a multi-stage multi-objective evolutionary algorithm
driven by an exclusion mechanism. The algorithm divides the entire evolutionary process into three stages and adopts
different environmental selection methods in each stage, thereby realizing the optimization task of searching for
different equivalent Pareto optimal solution sets in different evolutionary stages. Specifically, the environmental
selection method in the first stage only considers the convergence of individuals in the objective space, enabling the
population to quickly converge to the most easily found equivalent Pareto optimal solution set. The environmental
selection method in the second stage employs a search strategy based on the exclusion mechanism, which adaptively
penalizes individuals close to the already found equivalent Pareto optimal solution sets. This helps avoid the population
from searching in duplicate regions and reduces the risk of the algorithm getting trapped in a single equivalent Pareto
optimal solution set. The environmental selection method in the third stage fine-tunes the equivalent Pareto optimal
solution sets obtained in the first two stages by simultaneously considering the convergence and diversity of individuals
in both the objective space and decision space, so as to further improve the optimization performance of the algorithm.
Experimental results show that the proposed algorithm can find all equivalent Pareto optimal solution sets under the
condition of the same number of function evaluations, and compared with seven other similar algorithms, it has certain
advantages in terms of comprehensive performance in both the objective space and decision space.
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X BRIGD HME FrEE)

W jr] DN_NSGAII EMO_DD MMEAWI DNEA TriMoEATAR ~ MMOEACAS CPDEA IMMEA+EM
IDMPM2T1 1.36E-03~ 1.43E-03~  2.04E-03~  1.38E-03~ 1.25E-03+ 1.31E-03~ 1.23E-03~ 1.10E—03
(6.06E—05) (1.51E-04)  (3.18E—04)  (8.07E-05) (1.50E-04) (1.65E-04) (1.00E-04) (9.87E-05)
IDMPM2T2 1.32E-03~ 1.32E-03~  2.05E-03~  133E-03~ 1.29E-03+ 1.27E-03+ 1.10E-03~ 1.01E-03
(8.05E-05) (1.01E-04)  (2.63E-04)  (9.28E-05) (1.62E-04) (1.23E-04) (6.36E-05) (8.21E-05)
IDMPM2T3 1.39E-03~ 1.55E-03+ 1.97E-03+  1.42E-03~ 1.28E—03+ 1.41E-03+ 1.22E-03~ 9.83E-04
(1.22E-04) (1.55E-04)  (1.76E—04)  (1.35E-04) (1.13E-04) (1.13E-04) (5.52E-05) (5.38E-05)
IDMPM2T4 1.27E-03~ 125E-03~  348E-03~  128E-03~ 1.26E—03+ 1.12E-03+ 1.18E-03~ 9.66E—04
(7.15E-05) (2.00E-04)  (9.79E—04)  (7.51E-05) (1.47E-04) (1.37E-04) (7.18E-05) (3.74E-05)
IDMPM3T1 6.26E-03~  6.05E-03~  6.25E-03~  5.40E-03~ 8.83E—03+ 7.33E-03+ 4.84E-03~ 5.14E-03
(4.32E-04) (436E-04)  (5.90E—04)  (2.39E—04) (5.15E-04) (7.91E-04) (2.02E-04) (2.48E-04)
IDMPM3T2 5.93E-03~  5.44E-03~  6.04E-03+  5.06E-03~ 8.74E-03+ 7.02E-03+ 4.49E-03— 4.62E-03
(3.24E-04) (2.19E-04)  (4.59E—04)  (2.05E-04) (5.42E-04) (8.36E—04) (1.21E-04) (1.75E-04)
IDMPM3T3 6.11E-03~  6.14E-03~  6.71E-03~  521E-03~ 8.62E-03+ 8.13E-03+ 5.04E-03~ 4.87E-03
(3.20E-04) (9.14E-04)  (8.69E—04)  (1.69E—04) (7.07E-04) (7.26E-04) (1.30E-04) (1.36E-04)
IDMPM3T4 593E-03~  5.85E-03~ 5.72E-03~  4.72E-03~ 8.81E—03+ 6.43E-03+ 4.56E—03~ 4.50E-03
(3.21E-04) (6.01E-04)  (3.99E-04)  (1.92E-04) (5.29E-04) (1.34E-03) (1.68E—-04) (1.34E-04)
IDMPMA4T1 720E-03~  7.52E-03~  7.17E-03~  5.58E-03~ 2.26E—02+ 1.44E—02+ 4.94E-03~ 7.18E-03
(2.00E-04) (9.54E-04)  (6.62E—04)  (1.64E—04) (1.16E-03) (3.67E-03) (3.92E-04) (3.28E-04)
IDMPMA4T2 593E-03~  7.03E-03~  7.79E-03+  5.16E-03~ 2.27E—02+ 1.22E-02+ 4.32E-03~ 5.01E-03
(4.25E-04) (9.91E-04)  (1.05SE-03)  (5.63E—04) (1.34E-03) (5.40E—03) (1.46E—04) (4.47E-04)
IDMPMA4T3 6.05E-03~ 8.96E-03~  7.48E-03+  5.86E-03~ 2.17E-02+ 1.02E-02~ 4.69E-03~ 5.15E-03
(3.47E-04) (1.58E-03)  (8.20E—04)  (3.34E-04) (2.06E—-03) (2.95E-03) (1.51E-04) (3.12E-04)
IDMPM4T4 596E-03~  7.73E-03~  7.13E-03+  5.17E-03~ 2.25E-02+ 1.01E—02+ 4.19E-03~ 4.51E-03
(3.36E-04) (1.17E-03)  (6.32E—04)  (4.74E-04) (1.25E-03) (3.69E-03) (1.74E-04) (2.10E-04)
+/ /= 0/0/12 1/0/11 5/0/7 0/0/12 12/0/0 10/0/2 0/1/11 Base
Friedmanf{E 4 4.88 538 6.00 4.08 6.58 5.83 1.58 1.67




o6 5 ok K wxk
T2 S FECATE 12 4 IDMPs IR B BT 21 XBEIMIGD X 1B GREE)
WA ] DN _NSGAIl  EMO DD MMEAWI DNEA TriMoEATAR ~ MMOEACAS CPDEA IMMEA+EM
IDMPM2T1 5.46E-01+ 227E-01+  1.06E-01+  4.82E-01+ 6.74E—01+ 1.85E-01+ 2.01E-03— 2.06E-03
(2.70E-01) (3.24E-01)  (2.38E-01)  (3.11E—-01) (8.13E-05) (2.97E-01) (6.93E-05) (7.19E-04)
IDMPM2T2 5.14E-01+ 2.90E-01+  1.40E-01+  2.26E-01+ 6.74E-01+ 3.51E-01+ 2.08E-03+ 2.02E-03
(2.93E-01) (3.40E-01)  (2.66E-01)  (3.24E—01) (1.18E-04) (3.41E-01) (1.20E-04) (7.63E-05)
IDMPM2T3 3.54E-01+ 3.54E-02+  1.39E-01+ 1.32E-01+ 6.75E-01+ 2.21E-01+ 2.96E—03— 4.54E-03
(3.44E-01) (1.46E-01)  (2.66E-01)  (2.73E—01) (3.24E-03) (3.16E-01) (2.34E-04) (6.06E—03)
IDMPM2T4 6.74E-01+ 5.14E-01+  6.44E-01+  5.78E—01+ 6.74E-01+ 5.40E-01+ 1.99E-03+ 1.91E—03
(3.38E-05) (2.92E-01)  (1.40E-01)  (2.41E—01) (7.53E-05) (2.67E-01) (7.53E-05) (1.08E-04)
IDMPM3T1 7.29E-01+ 1.43E-01+  6.28E-02+  5.12E-0l~ 8.94E-01+ 2.62E-01+ 1.13E-02+ 1.12E—02
(2.55E-01) (1.46E-01)  (9.85E—02)  (3.08E—01) (2.16E-01) (2.22E-01) (1.66E—-04) (1.62E-04)
IDMPM3T2 6.68E—01+ 1.91E-01+  146E-01+  3.46E-01+ 8.54E-01+ 2.15E-01+ 1.12E-02~ 1.11E-02
(2.47E-01) (1.37E-01)  (1.96E-01)  (1.62E—01) (2.27E-01) (1.90E-01) (1.94E-04) (2.26E-04)
IDMPM3T3 4.55E-01+ 1.64E-01+  3.52E-01+ 1.06E-01+ 6.31E-01+ 1.68E—01+ 1.21E-02+ 1.16E—02
(2.88E-01) (227E-01)  (2.07E-01)  (1.23E—01) (2.80E—01) (2.51E-01) (2.11E-04) (2.10E-04)
IDMPM3T4 7.01E-01+ 348E-01+  2.15E-01+  3.23E-0l= 9.03E-01+ 4.78E-01+ 1.13E-02~ 1.10E—02
(2.86E-01) (1.94E-01)  (2.76E-01)  (2.72E—01) (1.60E—01) (3.07E-01) (1.74E-04) (1.71E-04)
IDMPMA4T1 1.19E+00+ 440E-01+  2.39E-01+ 1.09E-+00+ 1.19E+00+ 1.02E+00+ 8.66E—03— 2.43E-02
(1.10E-03) (2.93E-01)  (1.96E-01)  (1.92E-01) (5.70E-04) (2.86E-01) (1.11E-04) (5.79E-02)
IDMPMA4T2 9.86E-01+ 4.09E-01+  6.16E-01+  7.15E-01+ 1.13E+00+ 7.68E-01+ 3.40E-02+ 9.62E-03
(2.17E-01) (2.50E-01)  (2.76E-01)  (2.49E—01) (9.83E-02) (4.19E-01) (8.03E-02) (6.04E—-04)
IDMPMA4T3 7.48E-01+ 487E-01+  631E-01+  9.85E-02+ 9.76E-01+ 4.15E-01+ 9.89E—03+ 9.74E—03
(3.44E-01) (2.98E-01)  (2.93E-01)  (1.29E-01) (2.40E—01) (3.38E-01) (6.40E—04) (2.13E-04)
IDMPMA4T4 1.09E+00+ 570E-01+  3.42E-01+  5.12E-0l~ 1.13E+00+ 8.38E-01+ 2.15E-02+ 9.10E—-03
(2.15E-01) (2.11E-01)  (1.65E-01)  (2.82E—01) (9.83E-02) (3.24E-01) (5.86E—02) (1.16E-04)
+-/ 12/0/0 12/0/0 12/0/0 9/0/3 12/0/0 12/0/0 7/3/2 Base
FriedmanH{f %4 7.08 4.17 4.00 4.67 7.92 5.17 1.75 1.25
=3 S MEIATE 12 A IDMPs MK R H LIE1T 21 XISEIMIGD M HE FREE)
T ) DN NSGAII  EMO DD MMEAWI DNEA TriMoEATAR ~ MMOEACAS CPDEA IMMEA+EM
IDMPM2T1 4.11E-01+ 1.85E-01+  1.44E-01+  3.65E-01+ 5.04E-01+ 1.56E-01+ 1.43E-02— 1.47E-02
(1.97E-01) (231E-01)  (1.61E-01)  (2.26E—01) (5.45E-04) (2.26E-01) (5.48E-04) (5.12E-03)
IDMPM2T2 3.88E—01+ 225E-01+  1.76E-01+ 1.79E-01+ 5.05E-01+ 2.71E-01+ 1.42E-02+ 1.33E—02
(2.14E-01) (2.48E-01)  (1.81E-01)  (2.36E—01) (5.69E—04) (2.50E-01) (7.65E-04) (2.88E-04)
IDMPM2T3 2.72E-01+ 434E-02+  1.65E-01+  1.10E-0l~ 5.04E-01+ 1.80E-01+ 1.76E—02~ 2.93E-02
(2.49E-01) (1.06E-01)  (1.74E-01)  (1.96E—01) (3.66E—04) (2.35E-01) (1.70E-03) (3.94E-02)
IDMPM2T4 5.04E—01+ 3.90E-01+  4.96E-01+  4.34E-01+ 5.04E-01+ 4.11E-01+ 1.42E-02+ 1.35E—02
(2.27E-04) (2.09E-01)  (6.18E-02)  (1.75E—01) (5.15E-04) (1.96E-01) (5.46E-04) (7.52E-04)
IDMPM3TI 6.02E-01+ 227E-01+  1.55E-01+  4.55E-01+ 7.16E-01+ 3.44E-01+ 8.03E-02~ 8.06E—02
(1.43E-01) (1.22E-01)  (8.22E-02)  (2.08E—01) (1.18E-01) (1.49E-01) (1.29E-03) (1.27E-03)
IDMPM3T2 5.74E-01+ 2.66E-01+  222E-01+  3.55E-01+ 7.00E-01+ 3.02E-01+ 7.93E-02+ 7.86E—02
(1.39E-01) (1.14E-01)  (1.41E-01)  (1.01E—-01) (1.16E-01) (1.48E-01) (1.30E-03) (1.78E-03)
IDMPM3T3 4.34E-01+ 2.74E-01+  4.05E-01+ 1.64E—01+ 5.92E-01+ 2.72E-01+ 8.32E-02+ 7.97E-02
(1.91E-01) (1.44E-01)  (1.14E-01)  (1.10E—01) (1.79E-01) (1.90E-01) (1.44E-03) (1.52E-03)
IDMPM3T4 6.08E—01+ 3.77E-01+  2.68E-01+  3.23E-01+ 7.22E-01+ 4.87E-01+ 8.01E-02+ 7.82E-02
(1.66E-01) (1.32E-01)  (1.90E-01)  (1.89E—01) (9.18E-02) (1.70E-01) (1.48E-03) (1.13E-03)
IDMPMA4T1 7.61E—01+ 446E-01+  2.97E-01+  7.14E-01+ 7.86E-01+ 7.06E-01+ 6.30E—02— 9.96E—02
(2.55E-04) (1.89E-01)  (1.38E-01)  (9.41E—02) (1.36E-03) (1.30E-01) (1.37E-03) (5.05E-02)
IDMPMA4T2 6.83E—01+ 425E-01+  5.14E-01+  5.26E-01+ 7.86E-01+ 5.95E-01+ 8.34E-02+ 6.89E—02
(1.12E-01) (1.42E-01)  (1.24E-01)  (1.27E-01) (1.62E-03) (1.94E—01) (6.86E—02) (4.52E-03)
IDMPMA4T3 5.53E-01+ 493E-01+  547E-01+ 1.42E-01+ 7.48E-01+ 425E-01+ 6.74E-02~ 6.62E—02
(1.74E-01) (1.82E-01)  (1.11E-01)  (1.11E-01) (7.28E-02) (2.04E-01) (4.49E-03) (1.40E-03)
IDMPMA4T4 7.27E-01+ 5.17E-01+  3.85E-01+  4.15E-01+ 7.85E-01+ 6.25E-01+ 7.23E-02+ 6.41E-02
(8.35E-02) (1.25E-01)  (1.28E-01)  (1.57E—01) (1.41E-03) (1.55E-01) (4.95E-02) (7.54E-04)
+/- 12/0/0 12/0/0 12/0/0 11/0/1 12/0/0 12/0/0 7/2/3 Base
Friedman#if 44 7.04 425 4.00 4.67 7.96 5.08 1.67 1.33
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