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Abstract: In the many-objective evolutionary algorithm, recombination operators are usually used to generate high-
quality offspring to guide the population search. Previous studies have shown that using similar individuals to reorganize
can improve the quality of individual offspring. Since the self-organizing maping(SOM) network can maintain the original
topological relationship of the population individuals and obtain the similar information of the individuals through cluster-
ing, this paper proposes a many-objective evolutionary algorithm based on SOM clustering and adaptive operator selection
(MaOEA-SCAOS). First, the proposed method use self-organizing mapping network to classify the population, extract indi-
vidual data structure information, and use similarity to build a neighborhood mating pool. Then the method select the adap-
tive operator based on the individual dominance information in the class to improve the search and convergence perfor-
mance. Finally, the environmental selection strategy is adopted to manage the diversity of the population to ensure that the
population is evenly distributed in the Pareto front. The experimental simulation results show that the SOM clustering and
adaptive operator selection(SCAOS) method proposed in this paper has strong competitiveness while dealing with many-ob-

jective optimization problems, and the overall performance index is better than other methods.
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3 8.850 9e-1 6.233 9e-1 4.837 le-2 9.239 5e-1 8.955 Te-1 9.001 2e-1
(2.54¢-2) (3.99¢-2) - (9.38e-3) - (6.92¢-3) + (1.38¢-2) = (2.13e-2) +

5 8.206 le-1 4.404 2e-1 1.750 7e-1 9.341 4e-1 9.187 6e-1 8.595 6e-1

— (3.39¢-2) (3.23e-2) - (1.00e-2) — (2.66e-2) + (2.86e-2) + (4.73e-2) +
3 9.946 4e—1 4.361 5e-1 2.232 le-1 9.954 0e—1 9.949 8e-1 9.990 3e-1
(1.69¢-2) (4.08e-2) — (3.16e-3) — (1.29¢-3) + (1.02e-3) + (2.73e-4) +

10 9.989 Te-1 3.649 3e-1 2.164 5e-1 9.974 8e-1 9.967 4e—1 9.992 9e-1
(4.24e—4) (3.15e-2) - (1.69¢-3) — (9.71e-4) - (6.15e—4) — (2.98e-4) +

3 9.322 9e-1 9.132 le-1 8.828 S5e-1 9.301 6e-1 8.926 9e-1 9.322 5e-1
9.15¢-4) (2.07e-3) - (4.04e-3) - (2.23e-3) - (1.66e-2) — (6.85e—4) =

wre2 | 5 9.931 6e-1 9.679 Oe—1 7.956 4e—1 9.887 9e—1 9.407 3e-1 9.926 6e-1
(1.14e-3) (3.51e-3) - (1.47e-2) - (1.52e-3) - (1.16e-2) - (1.02e-3) =

8 9.969 3e-1 9.854 4e—1 6.869 3e—1 9.937 4e—1 9.689 4e—1 9.974 4e-1
(1.86e-3) (3.51e-3) - (2.84e-2) - (1.03e-3) — (7.11e-3) - (8.93e-4) =
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10 9.975 9e-1 9.838 3e—1 6.377 8e-1 9.950 2e-1 9.814 8e-1 9.976 le-1
(1.31e-3) (3.57e-3) — (2.43e-2) — (7.25e—4) — (5.32e-3) — (1.05e-3) =
3 3.885 9e—1 3.885 2e-1 3.072 Oe—1 3.782 2e-1 2.209 le-1 3.893 Te-1
(5.09e-3) (2.79e-3) = (7.73e-3) — (7.57e=3) - (3.36e—2) — (2.92¢-3) =
5 1.551 Oe—1 1.749 2e-1 1.890 3e-2 6.319 9e-2 0.000 0e+0 1.474 3e-1
WEC3 (1.89¢-2) (1.77e-2) + (1.06e—2) — (2.39¢-2) — (0.00e+0) — (1.55¢-2) =
g 5.004 1e-2 3.658 6e—2 0.000 0e+0 0.000 0e+0 0.000 0e+0 4.985 0e—2
(2.05e-2) (1.70e-2) — (0.00e+0) — (0.00e+0) — (0.00e+0) — (2.03¢-2) =
10 1.889 5¢-3 0.000 0e+0 0.000 0e+0 0.000 0e+0 0.000 0e+0 6.262 2¢-3
(6.17e-3) (0.00e+0) = (0.00e+0) = (0.00e+0) = (0.00e+0) = (1.28e-2) =
3 5.592 2e-1 5.011 3e—1 4.585 9e—1 5.410 7e—1 4.992 9e—1 5.588 3e—1
(6.52¢-4) (4.60e-3) — (4.60e-3) — (2.59e-3) — (1.30e-2) — (8.39e—4) =
5 7.844 le-1 6.289 Ge—1 4.765 2e—1 7.653 9e—1 5.340 Te—1 7.826 5e—1
WEC4 (1.76e-3) (1.12e-2) - (1.07e-2) - (2.89e-3) — (3.20e-2) — (2.16e-3) —
3 9.167 3e-1 6.362 9e—1 4.978 Te-1 9.079 7e—1 5.433 8e—1 9.147 Oe—1
(1.19¢-2) (2.47e-2) - (1.07e-2) - (3.59e-3) — (2.31e-2) - (1.00e-2) —
10 9.652 8e-1 6.287 9e—1 5.290 Oe—1 9.621 6e—1 5.936 2e—1 9.581 4e—1
(1.10e-3) (1.84e-2) — (9.13e-3) — (8.11e—4) - (3.51e-2) - (7.71e=3) -
3 5.216 6e-1 4.812 8e-1 4.517 4e-1 5.046 Ge—1 4.800 Se-1 5.216 3e-1
(8.52¢-5) (5.66e-3) — (8.00e-3) — (3.90e-3) — (8.31e-3) — (1.18e—4) =
5 7.429 2e-1 5.810 9e—1 4.892 2e-1 7.247 8e—1 5.599 Oe—1 7.424 Te-1
WECS (5.39¢-4) (1.44e-2) — (1.23e-2) - (3.03e-3) — (1.56e-2) — (8.36e—4) =
3 8.631 Te-1 5.533 Oe—1 5.445 8e-1 8.410 3e—1 5.891 Se-1 8.627 9e—1
(2.43e-4) (2.78e-2) — (8.27e-3) — (5.56e—3) — (2.68e-2) — (3.62e—4) —
10 9.039 5e-1 5.758 Oe—1 6.253 3e—1 8.978 Se—1 6.397 9e—1 9.034 6e—1
(1.86e—-4) (2.46e-2) — (8.52e-3) — (8.76e—4) — (2.30e-2) — (3.26e—4) —
3 5.098 9e—1 4.526 Oe—1 4.481 2e-1 4.846 9e-1 4.491 6e-1 5.117 le-1
(1.04e-2) (1.36e-2) — (1.49¢-2) — (9.70e-3) — (1.82¢-2) — (1.31e-2) =
5 7.310 8e-1 5.478 Oe—1 4363 Te—1 6.951 0e—1 4.260 9e—1 7.185 le—1
WECE (1.45¢-2) (2.81e-2) - (1.37e-2) — (1.82e-2) — (4.71e-2) - (1.69e-2) —
3 8.450 3e—1 5.665 Oe—1 5.027 le-1 7.996 5e—1 3.752 Oe—1 8.492 6e-1
(1.55e-2) (3.85e-2) — (1.32e-2) - (2.02e-2) — (3.62e-2) — (1.56e-2) =
10 8.843 2e-1 6.120 Ge—1 5.759 6e—1 8.735 le—1 4.085 Ge—1 8.767 2e—1
(1.04e-2) (3.36e-2) — (1.31e-2) - (1.84e-2) - (3.04e-2) - (1.62e-2) =
3 5.599 5e-1 5.086 9e—1 4.562 3e—1 5.469 2e—1 4.979 6e-1 5.594 6e—1
(4.22¢-4) (3.87e-3) — (6.39e-3) — (2.73e-3) - (1.45e-2) - (4.26e—4) —
5 7.881 6e-1 6.192 Ge—1 4.061 Oe—1 7.730 3e-1 4723 Se-1 7.859 de—1
— (8.79e~4) (2.02e-2) — (1.48e-2) — (3.13e-3) — (3.30e-2) — (1.65e-3) —
’ 3 9.203 le-1 5.960 Ge—1 4.273 Se-1 8.931 le—1 3.914 4e—1 9.189 Ge—-1
(5.66e-4) (2.99¢-2) — (1.39e-2) — (6.83e-3) — (5.96e—2) — (8.64e—4) —
10 9.658 9¢-1 6.274 9e—1 4.562 Oe—1 9.581 le—1 4.733 6e-1 9.596 2e-1
(4.26e-3) (2.54e-2) — (1.11e-2) — (5.19¢-3) — (2.52e-2) — (1.43e-2) -
3 4.786 Te-1 4297 2e-1 3.785 9e—1 4.505 2e-1 3.989 Oe—1 4742 Te-1
. (2.51e-3) (3.45¢-3) — (8.33e-3) — (4.87e-3) — (1.81e-2)— (3.21e-3) -
5 6.835 Te-1 5.033 5e—1 3.418 6e—1 6.321 8e—1 3.550 9e—1 6.735 9e—1
WECE > (7.80e-3) (1.25¢-2) — (1.37e-2) - (5.46e-3) — (5.73e-2) — (3.61e-3) —
3 8.110 6e-1 5.608 5e—1 3.741 3e—1 7.614 4e—1 2.195 5e-1 7.939 3e—1
(3.72¢-2) (1.43e-2) — (1.09e-2) — (3.24e-2) — (4.90e-2) — (2.18e-2) =
10 8.855 Oe-1 5.912 5e-1 4.075 Oe—1 8.334 5e—1 3.541 de—1 8.758 3e—1
(2.73e-2) (1.26e-2) — (1.17e-2) - (5.79e-2) — (5.37e-2) - (1.47e-2) =
3 5.187 3e—1 4.933 2e-1 4.755 9e—1 5.169 Oe—1 4.867 Oe—1 5.357 9e-1
(4.20e-2) (7.48e-3) — (1.26e-2) — (3.83e-2) — (1.05e-2) - (4.20e-3) =
5 7.321 de-1 5.434 2e-1 3.846 Ge—1 7.416 Oe-1 5.749 8e—1 7.158 de—1
WECo (3.06e-2) (4.40e-2) — (1.92e-2) - (3.06e-3) = (2.21e-2) - (3.95¢-2) -
§ 3 8.430 6e—1 5.159 2e-1 4.066 Se—1 8.639 5e-1 6.442 Te-1 8.289 9e—1
(4.63e-2) (5.19¢-2) — (1.31e-2) - (3.94e-3) = (2.24e-2) - (5.46e-2) —
10 8.850 6e—1 5.942 2e-1 4721 le-1 9.199 3e-1 6.894 Oe—1 8.842 8e—1
(5.12e-2) (1.54e-2) — (8.66e—3) — (2.48e-3) + (3.50e-2) — (3.67e-2) —
+—/= 1/34/1 0/35/1 4/29/3 2/32/2 4/15/17
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3 2.170 8e—1 6.962 4e—1 2.032 0e+0 2.119 5e—-1 2.970 Oe—1 1.983 3e-1
(3.79e-2) (8.67e-2) — (3.09e-2) — 2.71e-2) = (3.23e-2) — 3.07¢-2) =
5 6.312 3e—1 1.709 9e+0 2.470 4e+0 5.095 7e-1 6.655 Se—1 5.736 S5e—1
WEG (3.99¢-2) (9.63e-2) — (3.72e-2) — (2.04e-2) + (4.10e-2) — (6.24e-2) +
1
8 8.934 7e—1 2.176 2e+0 3.029 0e+0 9.425 6e—1 1.296 3e+0 8.854 6e-1
(3.37e-2) (1.0le-1) — (3.62e-2) — (2.18e-2) — (7.21e-2) — (2.19¢-2) =
10 9.757 4e—1 2.475 2e+0 3.344 2e+0 1.018 3e+0 1.409 le+0 9.581 9e-1
(2.01e-2) (1.36e—1) — (2.93e-2) — (1.51e-2)— (6.05¢-2) — (1.56e-2) +
3 1.503 3e—1 2.115 7e-1 2.475 6e—1 1.845 5e—1 2.242 6e—1 1.500 9e-1
(1.37e=3) (8.97e-3) — (1.11e=2) — (7.77e=3) - (2.41e-2) - (1.14e-3) =
5 4,678 2e—1 8.048 Oe—1 1.068 9e+0 5.334 9e-1 6.836 Oe—1 4.681 le—1
e — (2.37e-3) (5.82e-2) — (1.01e—1) — (2.58e-2) — (4.20e-2) — (2.29¢-3) =
3 1.024 6e+0 1.466 8e+0 2.068 9e+0 1.063 1e+0 1.571 9e+0 9.880 8e—1
(1.38e~1) (7.29e-2) — (1.06e—1) — (2.96e-2) = (8.43e-2) — (1.54e-1) =
10 1.163 3e+0 1.532 7e+0 2.400 1e+0 1.184 3e+0 1.680 4e+0 1.183 4e+0
(1.23e-1) (7.02e-2) — (8.09e-2) — (3.52e-2) = (8.61e-2)— (1.42e-1)=
3 1.002 3e—1 1.146 Oe—1 2.798 Se—1 1.064 2e—1 6.106 2e—1 9.752 5e-2
(1.01e-2) (1.12e-2) — (2.26e-2) — (1.14e-2) = (1.69e-1) — (6.74e-3) =
5 5.372 8e—1 5.272 2e-1 1.083 7e+0 5.426 le—1 2.171 le+0 5.766 4e—1
WEG3 (6.52e-2) (8.51e-2) = (7.96e-2) — (7.19e-2) = (3.23e-1) — (5.62e-2) —
8 1.527 8e+0 1.237 9¢+0 1.765 5e+0 1.419 6e+0 5.612 5e+0 1.686 3e+0
(3.03e~1) (2.01e-1) + (1.35e—1) — (2.55e-1) = (4.85e—1) — (2.20e—1) —
10 1.812 7e+0 1.411 2¢+0 2.035 3e+0 1.830 le+0 7.141 3e+0 1.968 2e+0
(2.34e—1) (2.16e-1) + (1.93e—1) — (2.39¢—1) = (4.67e—1) — (3.0le-1) =
3 2.042 6e-1 2.849 3e—1 3.383 9e—1 2.489 6e—1 3.021 6e—1 2.044 7e—1
(1.43e-4) (1.03e-2) — (1.51e=2) - (8.80e=3) — (3.60e—2) — (1.83e—4) —
5 1.174 8e+0 1.229 6e+0 1.490 0e+0 1.232 3e+0 1.793 6e+0 1.174 6e+0
— (1.43e-3) (2.49e-2) - (2.24e-2) - (1.98e-2) — (1.95e—1) (1.83e-3) =
3 2.970 1e+0 3.369 4e+0 3.463 7e+0 3.450 1e+0 4.525 1e+0 2.978 0e+0
(3.88e-2) (5.47e-2) — (2.29e-2) — (5.66e-2) — (1.70e-1) — (7.20e-2) =
10 4.547 4e+0 4.489 2e+0 4.505 3e+0 4.578 4e+0 6.216 5e+0 4.547 6e+0
(4.68e-3) (3.76e-2) + (2.58e-2) + (3.80e-2) — (2.23e—-1) — (2.88e-2) —
3 2.145 le-1 2.799 8e—1 3.122 2e—-1 2.606 Oe—1 2.810 3e—1 2.145 4e—1
(1.09¢-4) (9.11e-3) — (1.14e-2) — (1.10e-2) — (1.42e-2) — (1.03e—4) =
5 1.162 9e+0 1.209 8e+0 1.399 1le+0 1.211 le+0 1.547 2e+0 1.162 7e+0
WECS (5.70e—4) (1.80e-2) — (3.0d4e-2) — (1.88e-2) — (7.30e-2) — (1.37e-3) =
3 2.941 Oe+0 3.423 5e+0 3.623 6e+0 3.338 le+0 4.286 7e+0 2.941 3e+0
(1.31e-3) (6.63e-2) — (4.71e-2) — (2.98e-2) — (2.09e—1) — (1.32e-3) =
10 4.531 le+0 4.599 6e+0 4.764 3e+0 4.565 3e+0 5.903 8e+0 4.530 0e+0
(3.32e-3) (5.91e-2) - (3.95¢-2) — (3.36e-2) — (1.79e—1) — (3.41e-3) =
3 2.239 9e—1 3.326 4e—1 3.455 4e—1 2.893 7e—1 3.865 9e—1 2.230 2e-1
(7.93e-3) (1.70e-2) — (1.49e-2) — (1.31e-2) - (7.01e=2) — (1.08e-2) =
5 1.164 7e+0 1.316 0e+0 1.597 0e+0 1.246 2e+0 2.180 0e+0 1.162 7e+0
— (2.80e-3) (3.06e-2) — (3.88e-2) — (2.03e-2) - (2.28e~1) — (1.80e-3) +
3 2.947 7e+0 3.506 5e+0 3.582 9e+0 3.490 8e+0 5.515 6e+0 2.953 0e+0
(5.27e-3) (4.39e-2) — (2.48e-2) — (6.50e-2) — (2.01e—1) - (4.60e-3) —
10 4.544 T7e+0 4.617 3e+0 4.555 9e+0 4.669 0e+0 7.288 3e+0 4.543 9¢+0
(6.62e-3) (4.44e-2) — (2.39e-2) — (4.48e-2) — (2.25e-1) - (8.18e-3) =
3 2.047 4e-1 2.826 6e—1 3.363 6e—1 2.399 le—1 3.223 3e-1 2.047 8e—1
(2.06e-4) (1.04e-2) — (1.00e-2) — (8.46e-3) — (6.99e-2) — (2.62e—4) =
5 1.176 3e+0 1.255 4e+0 1.583 9¢+0 1.230 3e+0 2.314 8e+0 1.175 6e+0
WEG (8.69¢—4) (3.07e-2) — (2.76e-2) — (1.81e-2) — (1.73e—-1) — (1.12e-3) +
7
3 2.967 Te+0 3.499 le+0 3.614 3e+0 3.324 5¢+0 4919 2e+0 2.968 8e+0
(7.16e-3) (9.59¢-2) — (3.45e-2) — (4.54e-2) — (2.46e—1) — (6.33e-3) =
10 4.547 8e+0 4.584 2e+0 4.630 3e+0 4.431 9¢+0 6.175 7e+0 4.644 6e+0
(2.02e-2) (4.81e-2) — (3.39¢-2) — (3.86e-2) + (2.19e—1) — (2.51e-1)=
3 2.671 6e-1 3.834 3e—1 4.457 8e—1 3.322 4e—1 4.431 3e—1 2.751 7e—1
(3.98e-3) (5.79e-3) — (1.56e-2) — (1.14e-2) - (8.88e—2) — (5.22e-3) -
WFG8
5 1.148 Oe+0 1.446 1e+0 1.773 6e+0 1.282 7e+0 1.960 5e+0 1.154 7e+0
(1.28e-3) (2.49e-2) — (2.73e-2) — (2.25e-2) — (2.06e—1) — (8.40e-3) —
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8 3.198 2e+0 3.695 Te+0 3.769 le+0 3.533 6e+0 5.381 5e+0 3.236 4e+0
(2.62e-1) (4.49e-2) — (2.87e-2) - (6.48e-2) — (3.58e—1) — (2.01e-1) -
10 4.490 8e+0 4.841 5e+0 4.766 5e+0 4.703 7e+0 7.363 Te+0 4.486 6e+0
(2.05e-1) (3.77e-2) - (2.84e-2) — (5.82e-2) — (2.50e—1) — (2.20e-1) =
3 2.239 3e-1 2.682 de—1 2.794 4e-1 2.363 5e—1 2.774 2e-1 2.072 8e-1
(4.25e-2) (1.08e-2) — (1.74e-2) - (3.60e-2) — (1.65e-2) — (2.21e-3) =
5 1,126 1e+0 1.276 2e+0 1.678 9e+0 1.165 3e+0 1.495 6e+0 1.121 7e+0
WEGO (3.98e-3) (4.07e=2) - (4.22e-2) - (1.73e-2) — (9.89e-2) — (5.43e-3) +
! 8 2,931 5e+0 3.766 6e+0 4.105 7e+0 3.295 2e+0 4.016 2e+0 2.930 5e+0
(7.68e-3) (7.03e-2) — (7.16e-2) — (3.07e-2) - (1.54e—1) - (5.78¢-3) =
10 4.441 3e+0 4.869 4e+0 5.380 5e+0 4.487 4e+0 5.439 9e+0 4.438 3e+0
(3.80e-2) (5.63e-2) — (8.20e-2) — (5.71e=2) — (1.51e-1)— (4.17e-2) =

+—/= 3/32/1 1/35/0 212717 0/36/0 5/8/23
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F WFG7 #1 WFG8 il i [1] & , MaOEA-SCAOS 7E4b B 3,
5,8 F110 HFREHERER IS, BEWIFE WFGT Hl WFGS
D) R 1 b BEAS TR H AR 038 M. sk, 7E
WEFGY [\ i 3 v, A SCH i i R B — i Y 38
J1. &5 BTk, AT LA H MaOEA-SCAOSTE W FG i a]
4 FPERR I HAE AR H AR AR IR Rl P e

4.6 B EX7EDTLZ B _EXFEE 4347
FAMES RGBT 6 M IEAEDTLZI~DTLZT
W (] 47 20 YO ST 5 HY R IGD 45 A5 19 52
gk B o 40 BT O LB R BT AR A HV (LY
BB AR o 22 (355 WA AR ifE 22 ) , R ST E T XTI
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R4 OMEZRIEDTLZI~DTLZT MK B LIRBH HV IEIRER LIELE

[alE | M MaOEA-SCAOS MOCell RM-MEDA KnEA MaOEA-CSS NSGA-III
3 8.442 le-1 8.241 4e-1 0.000 Oe+0 7.176 4e—1 8.078 8e-1 8.436 Oe—1
(2.45¢-4) (3.87e-3) — (0.00e+0) — (8.20e-2) — (1.10e-2) - (1.01e-3) -

5 9.745 Oe-1 2.319 le-1 0.000 Oe+0 5.602 7e-1 9.073 le-1 9.744 6e-1

DTLZL (3.96¢-4) (3.24e-1) - (0.00e+0) — (1.61e-1)— (1.02e-2) - (3.50e—4) =
8 9.626 6e—1 0.000 Oe+0 0.000 Oe+0 6.661 le—1 9.455 Oe—1 9.972 Se~-1
(1.08e—1) (0.00e+0) — (0.00e+0) — (3.18e-1) — (7.01e-3) - (1.46e-3) =

10 9.901 7e-1 0.000 Oe+0 0.000 Oe+0 8.793 8e—4 9.803 le-1 9.807 Oe—1
(2.91e-2) (0.00e+0) — (0.00e+0) — (3.93¢-3) - (2.66e-3) — (5.89e-2) =

3 5.630 Oe-1 5.251 6e-1 5.213 2e-1 5.428 2e-1 5.538 6e-1 5.629 9e-1
(1.16e-5) (3.33¢-3) — (4.32e-3) - (4.55¢-3) — (3.14e-3) - (1.98e-5) —

pTLZ2 | 5 7.947 3e-1 5.278 2e-1 5.517 le-2 7.679 4e—1 7.557 5e—1 7.946 le—1
(5.06e-4) (3.84e-2) — (2.08e-2) - (5.15e-3) - (8.62e-3) - (3.92e-4) =

8 9.145 Oe-1 2.298 2e-5 5.360 4e-3 8.827 2e—1 8.810 le—1 9.125 9e-1
(2.31e-2) (1.03e—4) — (1.09e-2) — (4.24e-3) - (7.35e-3) - (3.0le-2) =

pTLZ2 | 10 9.625 le-1 1.667 5e-3 1.339 2e-4 9.587 le—1 9.349 Se-1 9.621 le-1
(1.81e-2) (4.99¢-3) — (3.29e-4) - (1.60e-3) — (4.71e-3) - (1.94e-2) =

DTLZ3 | 3 5.527 4e-1 5.131 6e-1 0.000 Oe+0 4.790 le—1 5.496 Oe—1 5.401 le-1
(6.27¢-3) (1.33¢-2) — (0.00e+0) — (5.20e-2) — (4.09¢-3) = (1.18e-2) —




1970 H, + ~ 1R 2022 4
[l | M MaOEA-SCAOS MOCell RM-MEDA KnEA MaOEA-CSS NSGA-III
5 5.980 4e-1 0.000 0e+0 0.000 0e+0 3.993 Ge—1 7.464 4e-1 5.835 5e—1
> (2.92e-1) (0.00e+0) — (0.00e+0) — (1.89e—1) — (1.22¢-2) = (3.08e-1) =
g 8.908 Oe-1 0.000 0e+0 0.000 0e+0 0.000 0e+0 8.555 Oe—1 8.515 2e—1
(7.45¢-2) (0.00e+0) — (0.00e+0) — (0.00e+0) — (1.92e-2) - (2.08e-1) —
10 8.364 6e—1 0.000 0e+0 0.000 0e+0 0.000 0e+0 9.232 Oe-1 9.298 0e-1
(3.00e—1) (0.00e+0) — (0.00e+0) — (0.00e+0) — (7.64e=3) + (5.81e-2) =
3 5.628 Te-1 5.295 Ge—1 5.167 Oe—1 5.228 Te—1 5.585 2e-1 4.950 7e-1
(2.01e-4) (3.19e-3) — (7.45e-3) — (1.02e—1) — (1.69e-3) — (1.31e-1) =
5 7.946 0e-1 5.993 8e—1 2.438 9e-1 7.744 le-1 7.797 2e-1 7.567 Ge—1
DTLza (5.00e-4) (3.19e-2) — (7.33e-2) — (5.25¢-3) — (3.98e-3) — (6.02e-2) —
g 9.071 9e-1 0.000 0e+0 7.206 2e-3 9.019 9e-1 9.070 8e—1 9.117 5e-1
(3.34e-2) (0.00e+0) — (1.31e-2)— (4.47e-3) — (3.48e-3) — (3.02e-2) =
10 9.696 2e-1 0.000 0e+0 1.727 4e-3 9.555 7e—1 9.543 4e-1 9.676 9e—1
(1.40e-4) (0.00e+0) — (3.86e—3) — (5.48¢-3) — (2.40e-3) — (8.56e—3) =
3 1.946 2e—1 1.983 8e-1 1.991 7e-1 1.940 7e-1 1.853 6e—1 1.948 6e-1
(8.08e—4) (2.55e—4) + (1.72e-4) + (2.10e-3) = (3.13e-3) — (8.93e—4) =
5 6.439 3e-2 1.017 7e-1 2.007 9e-2 5.697 8e-2 9.805 2e-2 3.765 8e-2
—_— (4.97e-2) (8.56e-3) + (1.59e-2) = (3.16e-2) = (1.92e-2) + (4.51e-2) =
g 9.427 Te-2 5.347 5e-2 7.120 6e—4 6.680 9e—2 5.538 6e—2 9.418 0e-2
(2.59¢-3) (3.13e-2) - (2.16e-3) — (1.92e-2) - (2.73e-2) - (2.39¢-3) =
10 9.133 6e—2 3.539 Te-2 2.841 8e-10 5.344 le-2 4.673 Te-2 9.105 2e-2
(1.92¢-3) (2.62e-2) - (1.27e-9) - (1.99¢-2) — (3.13e-2) — (1.82e-3) =
3 1.920 le-1 1.998 4e-1 4.921 le-3 1.902 9e—1 1.855 2e-1 1.918 3e—1
(1.24e-3) (1.05e-4) + (2.20e-2) - (8.85e-3) = (1.58e-3) — (9.85e—4) =
s 6.864 Te—2 0.000 0e+0 4.773 4e-2 6.607 Te-2 8.530 le-2 6.287 le-2
— (3.84e-2) (0.00e+0) — (4.96e-2) = (3.92e-2) = (2.83e-2) = (4.21e-2) =
- g 8.183 2e—2 0.000 0e+0 8.766 4e-2 3.929 9e-2 4.301 le-2 8.190 0e—2
(2.80e-2) (0.00e+0) — (2.07e-2) + (4.16e-2) — (4.10e-2) — (2.80e-2) =
10 7.721 le=2 0.000 Oe+0 9.211 3e-2 6.357 8e—11 2.527 4e-2 8.653 3e—2
(3.33e-2) (0.00e+0) — (8.47e-4) + (1.55e-10) — (2.91e-2) - (2.04e-2) =
3 2.697 de—1 2.578 8e—1 2.183 9e—1 2.760 2e-1 2.521 8e—1 2.712 Te-1
(1.55e-3) (1.10e-2) — (1.36e-2) — (8.07e-3) + (1.13e-2) — (1.44e-3) +
5 2.260 4e—1 1.493 5e-1 2.898 3e—5 2.514 Te-1 1.340 8e—1 2.216 4e-1
—_— (8.01e-3) (9.49e-3) — (4.21e-5) - (7.86e-3) + (1.51e-2) - (1.01e-2) =
3 1.950 7e—1 5.276 9e—4 3.964 5e-7 1.034 8e—1 1.134 5e-2 2.038 6e-1
(4.04e-3) (8.36e—4) — (1.38e—6) — (9.82e-3) — (1.93e-3) — (2.27e-3) +
10 1.808 2e—1 9.885 le—6 1.246 0e—8 9.423 Ge-2 2.379 9e—4 1.830 2e-1
(6.46e-3) (2.38e-5) — (4.35e-8) — (2.58e-2) — (1.68e—4) — (8.59¢-3) =
+—/= 3/25/0 3/24/1 2/22/4 1/25/2 2/5/21
o+, — =03 2R A A4S J 5 MaOEA-SCAOS AH L BT 4, B 2 FIAR
x5 OMEEXAEDTLZI~DTLZT MK B L RBHICD IEIREMLEER
g | M MaOEA-SCAOS MOCell RM-MEDA KnEA MaOEA-CSS NSGA-III
3 1.898 8e—2 2.558 3e-2 1.616 9e+1 6.464 5e-2 2.287 3e-2 1.904 4e—2
(1.72¢-5) (8.91e—4) - (2.13e+0) — (4.02e-2) - (9.44e-4) - (1.19e—4) —
s 6.352 9e—2 5.903 2e-1 2.291 8e+1 2.222 5e-1 6.881 5e-2 6.362 0e—2
—_ (2.56e-4) (6.19e—1) — (2.68e+0) — (7.45e-2) - (2.31e-3) - (3.00e—4) =
- 8 1.248 6e—1 1.358 3e+1 2.288 8e+1 3.005 5e—1 1.177 le-1 9.761 0e-2
(6.29e-2) (4.95e+0) — (2.43e+0) — (1.05e-1) - (2.30e-3) + (2.17¢-3) =
10 1.216 8e—1 2.019 9e+1 2.258 Ge+1 4.941 6e+0 1.153 Oe-1 1.277 9e-1
(3.33e-2) (8.38e+0) — (2.18e+0) — (6.16e+0) — (1.16e-3) + (5.52e-2) =
3 5.030 3e-2 6.906 6e—2 6.775 9e—2 6.786 Te—2 5.235 5e-2 5.030 5e-2
(1.80e-6) (2.08e-3) — (2.26e-3) — (4.56e-3) — (5.80e—4) — (5.07e—6) —
priza| s 1.949 Oe—1 2.741 3e-1 6.591 8e—1 2.163 le-1 1.883 Oe-1 1.949 Oe—1
(3.23e-5) (1.52e-2) - (4.02e-2) — (5.70e-3) — (1.79e-3) + (1.53e-5) =
8 3.348 8e-1 1.907 0e+0 1.251 6e+0 3.828 3e-1 3.480 3e—1 3.421 Oe—1
(4.82¢-2) (3.08e—1) — (1.14e-1) - (4.75e-3) — (2.17e-3) - (6.93e-2) =




%8 1 Bl e FE T SOM AN | 35 N 55T BRI = 4 22 H bR b AR5k 1971
Al | M MaOEA-SCAOS MOCell RM-MEDA KnEA MaOEA-CSS NSGA-III
10 4.384 Oe—1 1.408 8e+0 1.463 7e+0 4.313 6e-1 3.949 Oe-1 4.384 5e-1
(4.34e-2) (1.56e—1) — (8.52e-2) — (2.42e-3) + (1.53e-3) + (4.23e-2) =
3 5.369 3e-2 7.404 3e-2 1.804 6e+2 1.241 Oe-1 5.665 6e—2 5.689 8e—2
o . (4.37e-3) (6.00e—3) — (9.51e+0) — (6.88e—2) — (1.22e-3) - (9.79e-3) —
s 3.821 le-1 1.684 8e+1 1.838 0e+2 5.693 2e—1 1.973 8e-1 5.549 8e—1
(3.68e—1) (1.24e+1) — (1.48e+1) — (2.57e-1) - (3.52¢-3) + (8.36e—1) =
g 3.614 9e-1 8.341 6e+2 2.494 8e+2 6.097 4e+1 3.575 Te-1 4.571 9e-1
o (8.87¢-2) (2.95e+2) — (3.44e+1) — (2.89e+1) — (4.43e-3) + (4.76e-1) =
10 6.049 4e-1 8.070 4e+2 2.914 8e+2 2.898 8e+2 4.009 9e-1 4.781 8e—1
(4.70e-1) (2.43e+2) — (4.04e+1) — (9.54e+1) — (3.07e-3) + (7.83e-2) =
3 5.032 0e—2 6.867 S5e-2 7.734 Te=2 1.091 8e-1 5.312 le-2 1.933 Oe-1
(3.16e-5) (2.50e-3) — (5.29¢-3) — (1.97e-1) - (6.82e—4) — (2.67e—1) -
5 1.949 4e—1 2.551 9e-1 5.180 Oe—1 2.159 5e-1 1.926 9¢-1 2.666 9e—1
DTLza (5.05e-5) (1.11e-2) - (3.40e-2) — (6.93¢-3) — (1.75e-3) + (1.13e-1) =
8 3.550 4e—1 1.986 8e+0 1.023 4e+0 3.752 Ge-1 3.524 le-1 3.441 9e-1
(7.29¢-2) (2.19e-1) - (5.03e-2) — (4.26e-3) — (1.51e-3) + (7.18e-2) =
10 4215 5e—1 1.952 7e+0 1.183 le+0 4.449 Oe-1 4.009 5e-1 4.269 3e-1
(4.84e—4) (2.43e-1) - (4.93e-2) - (2.04e-2) - (1.08e-3) + (2.86e-2) —
3 1.247 Oe—2 6.037 4e-3 5.005 8e-3 9.000 8e-3 2.128 4e-2 1.179 4e-2
(1.63e-3) (3.21e—4) + (2.59¢-4) + (1.74e-3) + (2.06e-3) — (1.61e-3) =
s 3.475 4e—1 1.114 2e-1 2.875 8e-1 2.901 le-1 4.876 8e-2 3.580 7e—1
—_— (2.29e-1) (3.53e-2) + (7.26e-2) = (1.09e-1) = (7.45e-3) + (2.25e-1) =
g 3.043 8e—1 3.275 9e-1 5.066 9e—1 2.764 Oe—1 7.282 Te-2 2.481 4e—1
(9.17e=2) (1.94e—1) = (1.12e—1) — (5.07e-2) = (9.40e-3) + (9.17e-2) =
10 3.537 4e-1 3.692 9e—1 6.323 le—1 3.147 2e-1 8.768 5e-2 3.361 Ge—1
(7.28e-2) (1.55e-1) = (8.11e-2) - (6.40e-2) = (2.53e-2) + (6.68e-2) =
3 1.747 9e-2 5.203 2¢-3 1.624 4e+0 1.492 7e-2 2.735 0e—2 1.718 6e-2
: (2.32e-3) (1.86e—4) + (5.69e—1) — (1.03e-2) = (1.90e-3) — (1.62e-3) =
s 3.584 de—1 5.779 2e+0 8.456 Oe—1 3.727 5e—1 7.821 4e-2 3.801 4e—1
S (1.17e-1) (1.02e+0) — (4.97e-1) - (1.70e-1) = (2.68e-2) + (2.62e-1) =
g 4.492 3e-1 7.077 2e+0 4219 Te-1 5.159 2e—1 1.602 4e-1 5.202 7e—1
(1.89e-1) (7.94e-1) - (2.26e-1) = (9.26e-2) = (6.88e-2) + (3.35e-1) =
10 5.141 3e-1 7.735 9e+0 2.918 5e-1 1.141 5e+0 1.446 5e-1 3.718 4e—1
(3.32e-1) (6.48e—1) — (9.12e-2) + (5.23e-1) - (3.90e-2) + (1.37e-1) =
3 7.374 Te-2 1.316 5e-1 1.550 3e—1 8.140 6e—2 9.806 6e—2 7.021 2e-2
(3.23e-3) (1.12e-1) - (3.16e-2) — (6.36e—2) — (1.18e-2) — (2.81e-3) +
5 3.690 6e—1 4.223 Oe-1 1.724 0e+0 2.956 4e-1 3.953 6e—1 3.642 Oe—1
o (4.61e-2) (1.47e-2) - (5.51e—1)— (1.35e-2) + (1.98e-2) — (5.04e-2) =
g 8.402 7e—1 1.352 6e+0 1.842 5e+0 6.689 2e-1 1.212 8e+0 7.792 le—1
(5.15e-2) (5.77e-2) - (2.58e—1) — (2.46e-2) + (1.40e-1) — (2.88e-2) +
10 1.033 3e+0 2.230 2e+0 2.195 8e+0 8.508 le—1 2.309 0e+0 9.696 Oe—1
(9.12e-2) (3.15e—1) — (2.55e—1) - (7.46e-3) + (4.14e-1) - (6.91e-2) +
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