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Constrained many-objective evolutionary algorithm based on adaptive
two-stage hierarchical equilibrium

WANG Lin-feng, JIE Li-lin', LI Ming, HE Chao, LI Jun-hua

(Key Laboratory of Jiangxi Province for Image Processing and Pattern Recognition, Nanchang Hangkong
University, Nanchang 330063, China)

Abstract: To enhance the precision and robustness of constrained evolutionary algorithms for handling various
constrained many-objective problems, this paper proposes a constrained many-objective evolutionary algorithm based
on adaptive two-stage hierarchical equilibrium. The algorithm combines a multi-stage optimization approach with
hybrid constraint handling techniques. Firstly, it designs segmentation timing based on dynamic individual dominance
relationships and adaptively switches between the objective function-focused phase and the constraint handling-focused
phase. Then, it constructs a hybrid hierarchical equilibrium criterion based on population evolution information,
employing an adaptive random ranking method to select individuals in infeasible situations and defining a semi-
feasibility criterion for selecting individuals in semi-feasible situations. This approach maintains a dynamic balance
between feasible and infeasible solutions, improving population convergence, distribution, and diversity. Extensive
experiments on standard test function sets C DTLZ, DC_DTLZ, and MW show that the proposed algorithm achieves
better convergence performance and stability across different objective dimensions and various constrained high-
dimensional multi-objective problems with narrow, discrete, or disconnected feasible regions, and demonstrates that the
proposed algorithm has higher convergence accuracy and better robustness compared to five advanced methods, namely
MOEA/D-FCHT, MOEA/D-2WA, PPS, ToP, and Trip.

Keywords: constrained many-objective; multi-stage optimization; constraint handling techniques; segmentation

timing; hierarchical equilibrium criterion; evolutionary algorithm
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e SCHR [17] IR T iR I 200K 2 H ARl 5
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minimize F'(z) = (fi(x), fo(x),. .., fn(x)). (1)
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15) P — @i s R(16)F (1 7)3KAE AR (iR
16) else /* A 4TARA*/

17) P — @it :0(18) 3/ 5 AR i
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Y H b2 (8] o 48 2R B35 50 70 A7 6 B A T AT Al (R 45
JuHFE %, CMaOEA-ATHE [ IGD f8457E 3. 5 Hbn
C1_DTLZ! jr] @ b B3 B pfe, 1 78 HoAth H bw ik 4r,
Ut Bl CMaOEA-ATHE H A7 5 4F B USSR, B F A e
. C2_DTLZ2 F ZEMR L AL AT AT 38 Ak 3
ANVESFTVRTH B J7, AN TTAT i s A0 1 R 3%
K. CMaOEA-ATHE [f] HV $§457F C2_DTLZ2 i 5l
(1) 3+ 5. 8 F1 10 H br E¥EAFHAM, IF HAE IGD &
br B EA —m it C3 DTLZ4 F EN H %
WS AT A7 3800 R B e 73, H Pareto BTVE /2 HH AT AT
R R HOE S0 X T C3_DTLZ4 i) @ 1) 3. 5.
8 1 10 H#5, CMaOEA-ATHE J3K i f#] IGD #1 HV
T bR 35 HUAS AT, 0B B SRR AR A Y 2 A T LAt T
FL 5k

N E M E I CMaOEA-ATHE HUsc 8 itk g, A
T 6 FREYETE 8 HAs C3_DTLZ4 )@ - 3R151
AR A, Gl 2 B, 15 B SR, CMaOEA-
ATHE Sy AR 47 T USSR AN 43 A 1, 3RA5 1)

F=1 6 MELAE C_DTLZ LIREM IGD ESKITER IEMREE)

problem M MOEA/D-2WA  MOEA/D-FCHT PPS ToP TriP CMaOEA-ATHE

5 2.057 8e-2 2.256 6e-2 2.632 9e-2 1.458 le-1 2.153 0e-2 2.053 9e-2
(2.05e-4)= (4.59¢-6)— (8.43e-4)— (132e-1)— (1.66e-4)— (2.55¢-5)
5 6.786 le-2 9.703 3e-2 8.149 6e-2 1.722 9e-1 7.282 6e-2 6.752 1e-2

1.35e-4)— 9.18e-3)— 2.07e-3)— 9.33e-2)— 8.08e-4)— 4.59¢-4
1 DTLZI ( ) ( ) ( ) ( ) ( ) ( )
- g 1.078 de-1 2.111 8e-1 1.251 8e-1 1.282 9e-1 1.327 9e-1 1.086 Se-1
(3.80e-4)+ (2.61e-2)— (2.17e-3)— (5.07e-3)— (1.65e-3)— (4.54e-5)
0 1.535 8e-1 2.941 5e-1 1.463 3e-1 1.446 9e-1 1.666 7e-1 1.531 2e-1

(4.87e-4)— (1.13e-1)— (6.86e-3)+  (4.63e-3)+ (4.55¢-3)— (5.68¢-4)
5 4.935 9e-2 5.346 9e-2 5.553 le-2 5.835 5e-2 4.586 2e-2 4.928 5e-2

(4.22¢-5)— (5.47e-4)— (1.54e-3)— (2.06e-3)— (5.63e-4)+ (1.74-5)
5 1.826 Se-1 2.377 6e-1 2.160 le-1 2.395 Se-1 1.958 7e-1 1.827 le-1

3.44e-5)+ 5.44e-3)— 6.37e-3)— 3 3.61e-3)— 3.60e-5

— (3.44e-5) (5.44e-3) ( ) (5.37¢-3) (3.61e3) (3.60¢-5)
5 2.796 2e-1 3.751 2e-1 4.204 7e-1 6.543 3e-1 3.382 7e-1 2.789 Se-1

(1.83¢-3)= (4.53e-2)— (4.67e-2)— @2.11e-1)— (4.33e-3)— (2.38¢-3)
0 4.244 8e-1 6.023 5e-1 6.022 Oe-1 8.571 8e-1 4.018 3e-1 4347 Te-1

(1.81e-2)+ (6.626-2)— (9.49¢-2)— (1.8le-1)— (4.17e-3)+ (3.26¢-5)
5 1.165 7e-1 7.067 3e-1 1.427 5e-1 1.419 4e-1 1.068 le-1 9.134 2¢-2

(1.37e-1)— (6.28e-2)— (6.21e-2)— (7.14e-3)— (2.31e-3)— (2.05¢-4)
5 3.885 6e-1 9.780 2e-1 5.089 8e-1 5.223 le-1 4,547 6e-1 3.664 6e-1

1.35e-1)— 9.96e-2)— 2.76e-2)— 2.37e2)— 2.10e-2)— 1.18e-1

3 DTLZ4 ( ) ( ) ( ) ( ) ( ) ( )
- g 6.561 9e-1 1.156 7e+0 8.070 4e-1 1.377 2e+0 9.813 Oe-1 5.973 3e-1
(1.06e-1)— (5.926-2)— (2.50e-2)— (2.43e-1)— (8.84¢-2)— (7.41e-2)
0 8.192 4e-1 1.252 7e+0 9.335 Oe-1 1.753 2¢+0 1.342 5e+0 7.616 8e-1

(1.02e-1)— (6.33e-2)— (3.35¢-2)— (1.49e-1)— (1.27e-1)— (6.03¢-2)

+/—/= 31712 0/12/0 1/11/0 1/11/0 2/10/0
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2 6 MhEAFE C_DTLZ L3RBH HV ERITHER AIENIREES)
problem M MOEA/D-2WA MOEA/D-FCHT PPS ToP TriP CMaOEA-ATHE
3 8.410 5e-1 7.999 Oe-1 8.218 5e-1 5.500 6e-1 8.380 9e-1 8.414 2e-1
(2.32¢-3)— (9.51e-5)— (3.47¢-3)— (2.39¢-1)— (9.44e-4)— (4.86e-4)
5 9.699 9¢-1 8.546 le-1 9.460 8e-1 6.815 8e-1 9.674 5e-1 9.636 6e-1
7.28¢-4)+ 2.02e-2)— 3.37e-3)— 2.09e-1)— 4.52e-4)+ 7.15e-3
C1 DTLZI ( ) ( ) ( ) ( ) ( ) ( )
3 9.698 7e-1 6.954 8e-1 9.724 9e-1 9.521 9e-1 9.930 1e-1 9.874 9e-1
(1.00e-2)— (8.79¢-2)— (4.23¢-3)— (1.11e-2)— (5.44e-4)+ (2.68¢-3)
10 9.936 6e-1 4.923 6e-1 9.757 Te-1 9.591 8e-1 9.925 le-1 9.811 7e-1
(3.77e-3)+ (2.26¢e-1)— (7.61e-3)— (7.95¢-3)— (3.75¢-3)+ (1.26¢-2)
3 5.150 8e-1 4.873 7e-1 4.998 4e-1 4.734 8e-1 5.141 9e-1 5.152 8e-1
(1.49¢-4)— (1.59¢-3)— (3.60e-3)— (5.10e-3)— (1.67e-3)— (4.36e-5)
5 7.235 6e-1 5.902 2e-1 6.157 Oe-1 4.791 2e-1 6.936 9e-1 7.237 Oe-1
5.78¢e-4)= 8.90e-3)— 1.53e-2)— 1.34e-2)— 8.69¢-3)— 5.12¢-4
) DILZ2 ( ) ( ) ( ) ( ) ( ) ( )
- g 7.989 Se-1 5.030 Se-1 5.437 9e-1 3.219 2e-1 7.874 Se-1 8.022 8e-1
(4.25¢-3)— (3.79¢-2)— (2.73e-2)— (1.17e-1)— (1.12e-2)— (4.55e-3)
10 8.667 Te-1 4.042 Se-1 5.265 3e-1 2.160 6e-1 8.042 5e-1 8.709 3e-1
(4.73e-3)— (5.13¢-2)— (5.28¢-2)— 9.21¢-2)— (1.41e-2)— (2.77¢-3)
3 7.865 Oe-1 5.226 le-1 7.645 9e-1 7.553 3e-1 7.836 7e-1 7.961 1e-1
(4.89¢-2)— (5.91e-2)— (1.89¢-2)— (5.56¢-3)— (1.41e-3)— (2.51e-4)
5 9.405 Oe-1 5.897 3e-1 8.993 6e-1 8.234 8e-1 9.061 3e-1 9.470 Oe-1
2.91e-2)— 8.81e-2)— 8.86e-3)— 1.87e-2)— 8.99¢-3)— 2.31e-2
3 DTLZe ( ) ( ) ( ) ( ) ( ) ( )
3 9.819 2e-1 7.461 2e-1 9.140 2e-1 4.174 Te-1 8.291 7e-1 9.889 7e-1
(1.64e-2)— (6.50e-2)— (1.41e-2)— (1.78e-1)— (9.04¢-2)— (5.37e-3)
10 9.793 3e-1 7.286 6e-1 9.206 Se-1 2.190 le-1 6.447 8e-1 9.950 8e-1
(3.17e-2)— (7.77e-2)— (1.56e-2)— (7.79¢-2)— (1.19¢-1)— (4.18¢-3)
+/ — / = 2/9/1 0/12/0 0/12/0 0/12/0 3/9/0
1.0
0.8k /!
0.6 Fl)
4
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0=
(a) MOEA/D-2WA (b) MOEA/D-FCHT (c) PPS
o o o
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3 6 MhEAFE DC_DTLZ L3R15H0 IGD ESiT4E R (UEFIREE)

problem M MOEA/D2WA _ MOEA/D-FCHT PPS ToP TriP CMaOEA-ATHE
3 2588 8¢-2 1.995 8¢-2 4.0523¢-2 1.934 6¢-2 1.246 8¢-2 1.875 2¢-2
(6.01e-3)— (1.09¢-5)— (5.83¢2)—  (4.68¢3)=  (1.32e-4)+ (3.83¢-3)
s 5.471 8e-2 7.847 le-2 8.779 Se-2 7.829 7e-1 6.028 7e-2 5.449 0c-2
DCI DTLZI (3.50¢-5)— (2.68¢-3)— (6.60e-2)—  (1.87e+0)—  (2.05¢-3)— (3.48¢-4)
- ¢ 8.537 3e-2 1471 7e-1 1169 7e-1 8.189 9e-1 1.411 Oe-1 8.420 3e-2
(2.92¢-4)— (1.82¢-2)— (9.66e-3)—  (177e+0)—  (5.44e-2)— (7.33e-5)
10 1.032 3e-1 1.494 7e+0 1358 8e-1 7.086 2¢-1 1469 6¢-1 1.053 8e-1
(9.12¢-4)+ (2.81e+0)— 9.68¢-3)—  (186e+0)—  (1.41e2)— (4.62¢-4)
R 4509 0c-2 5416 42 4240 5e-1 3.063 7e-1 3.674 0e-2 4509 7e-2
(4.16¢-5)= (5.73e-4)— (5.73e-D)—  (54de-)—  (5.82e-4)+ (1.86¢-5)
s 1.807 Oc-1 3.254 7e-1 1789 7e+0  4.1584e+0  2.909 Oc-1 1.806 9e-1
bC1 DTLZS (2.85¢-4)= (1.71e-1)— (2.02¢+0)—  (2.38e+0)—  (7.09¢-2)— (2.29¢-4)
- o 4339 9¢-1 7.740 6e-1 9.721 4e-1 1493 e+l 4.4213¢+0 4.018 7e-1
(1.40e-1)= (2.25¢-1)— @470e-1)—  (7192¢+0)—  (3.60e+0)— (2.07e-2)
10 4.794 9e-1 5.533 3¢+0 3.7864e+0  1.9568e+1 8951 3¢+0 4.763 6e-1
(4.85¢-3)= (4.95¢+0)— (5.03¢+0)—  (5.11e+0)—  (7.48¢+0)— (1.65¢-3)
3 3.013 6e-2 2.068 7e-2 7.582 4e-2 NaN 2259 52 2.056 3¢-2
(3.64¢-2)= (1.77e-4)— (6.87¢-2)— (NaN) (3.88¢-4)— (1.72¢-5)
s 7.455 2¢-2 7.607 le-2 8.987 7e-2 NaN 7.8169¢-2 6.807 7e-2
DC2 DTLZI (2.46¢-2)= (2.60e-3)— (2.10e-2)— (NaN) (3.20e-3)— (6.46¢-5)
- ¢ 1.236 0c-1 1.455 8e-1 1.644 9¢-1 NaN 1.7627¢-1 1.087 Oe-1
(2.62¢-2)— (1.70e-2)— (3.01e-2)— (NaN) (437e-2)— (2.94¢-6)
0 1.972 4e-1 2.166 Te-1 1.704 6¢-1 NaN 2234 2¢-1 1.540 7e-1
(5.81e-2)= (2.94¢-2)— (2.66¢-2)= (NaN) (4.90e-2)— (4.01¢-5)
R 4597 Oc-1 1.042 9e-1 4.820 6e-1 NaN 5772 9¢-2 5.606 7e-1
(2.06e-1)= (1.52¢-1)+ (1.97e-1)+ (NaN) (8.52e-4)+ (3.83¢-4)
s 6.065 8e-1 4597 Oe-1 4.973 6e-1 NaN 5.977 Oe-1 4.571 8e-1
52 DTLZS (7.58¢-2)= (2.18¢-1)= (2.15¢-1)— (NaN) (1.65¢-1)— (2.03e-1)
- o 6.361 Se-1 7.292 de-1 7.957 4e-1 9.718 8e-1 8.085 9e-1 3.869 8e-1
(1.66¢-1)— (1.98¢-1)— (1.70e-)—  (119-1)—  (1.52e-1)— (2.88¢-5)
10 7.783 le-1 1.100 Te+0 9.081 7e-1 12257e+0  8.742 3e-1 5.466 le-1
(141e-1)— (3.21e-1)— (148¢-1)—  (0.00e+0)=  (1.91e-1)— (1.20¢-1)
+/ -/ = 1/6/9 1/14/1 1/14/1 0/14/2 3/13/0
*®4 6 FEIATE DC_DTLZ LRSH HV ESITER (IEMMEE)
problem M MOEA/D-2WA __ MOEA/D-FCHT PPS ToP TriP CMaOEA-ATHE
3 6.017 9e-1 5.924 8e-1 5.654 3¢-1 5.934 5¢-1 6.300 de-1 6.255 9¢-1
(2.01e-2)— (2.06¢-4)— (745¢-2)—  (1.82e2)—  (9.60e-4)+ (1.28¢-2)
S 7.448 9e-1 6.790 Se-1 6.839 6e-1 1.780 7e-1 7.446 9e-1 7.447 Se-1
bCl DTLZI (2.54e-4)+ (1.55¢-2)— (134e-)—  (2.07e-1)—  (3.58¢-3)= (9.76¢-4)
- 0 6.737 2e-1 5.109 9e-1 7.579 Se-1 1703 Te-1 6.779 8e-1 6.733 8e-1
(5.14e-3)= (6.15¢-2)— (174e-2)+  (147e-D)—  (1.62e-1)+ (9.19¢-4)
10 6.246 le-1 8.342 Se-2 7.179 9e-1 1.890 7e-1 6.962 7e-1 6.523 Se-1
(1.66¢-2)— (1.16e-1)— (285e2)+  (944e-2)—  (3.57e-2)+ (5.30¢-3)
3 4.728 2e-1 4407 9¢-1 3.059 7e-1 3.036 0c-1 4717 6e-1 4728 Te-1
(7.42¢-5)= (3.46¢-3)— (133e-1)—  (I.73e-D)—  (1.20e-3)— (4.24¢-5)
S 7.458 Oe-1 4.955 9e-1 1.112 2e-1 7.168 9¢-3 4.782 7e-1 7.464 3e-1
DCl DTLZ (1.58¢-3)= (2.04e-1)— (1.79%-1)—  (22le2)—  (1.54e-1)— (1.23¢-3)
- 0 7.961 2e-1 3.236 Se-1 1306 4e-1 3.354 0e-3 4.487 le-2 8.544 9e-1
(1.90¢-1)= (238e-1)— (83le2)—  (1.28¢2)—  (1.05e-1)— (1.20e-2)
10 9.216 6e-1 6.988 9¢-2 5.5476e2  0.0000e+0  5.778 6¢-3 9.201 2¢-1
(8.35¢-3) = (1.39-1)— (745¢-2)—  (0.00e+0)—  (1.98¢-2)— (6.84¢-3)
R 8174 7e-1 8404 4c-1 6.827 6e-1 NaN 8.360 2¢-1 8.416 5e-1
(9.22¢2)= (1.08¢-3)— (1.80¢-1)— (NaN) (1.42¢-3)— (2.14¢-4)
5 9.577 Oe-1 9.620 3e-1 9.405 Oe-1 NaN 9.625 9e-1 9.706 de-1
bC2 DTLZI (4.92¢-2)— (4.25¢-3)— (532¢-2)— (NaN) (2.88¢-3)— (2.10¢-4)
- 0 9.362 4e-1 9.200 Se-1 9.094 3¢-1 NaN 9.113 Oe-1 9.898 7e-1
(7.30e-2)— (3.71e-2)— (6.34¢-2)— (NaN) (5.95¢-2)— (9.80¢-5)
0 9.439 2¢-1 6.466 Se-1 9.463 7e-1 NaN 9.009 8e-1 9.971 7e-1
(6.06¢-2)— (1.96¢-1)— (5.25¢-2)— (NaN) (5.80e-2)— (5.07¢-5)
R 1.182 3¢-1 5.017 le-1 1.031 7e-1 NaN 5563 5e-1 8.062 7¢-3
(2.24e-1)= (137e-1)+ (2.00e-1)+ (NaN) (3.18¢-3)+ (3.54¢-5)
S 6.045 8e-2 4.788 2e-1 2.897 Oe-1 NaN 1399 Oe-1 3.332 le-1
(137e-1)= 2.43e-1)= (3.07e-1)— (NaN) (2.46¢-1)— (3.66¢-1)
DC2 DTLZ3 o 2.773 6e-1 4.897 6e-1 1.547 3e-1 3.161 6e-2 1.904 8e-1 8.863 de-1
(4.03¢-1)— (2.36¢-1)— (@24e-1)—  (833e-3)—  (4le-l)— (3.52e-4)
10 1.877 8e-1 1.490 8e-1 1472 3e-1 8.891 le-3 2.848 2¢-1 8.144 3e-1
(3.82¢-1)— (191e-1)— (139%-1)—  (0.00e+0)=  (2.65¢-1)— (3.25¢-1)
+/-/= 1/6/9 1/14/1 3/13/0 0/9/7 4/11/1
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i) @ (1) 3. 5. 8 Al 10 H #% £, CMaOEA-ATHE ¥
IGD #1 HV 45 br ¥ 3k 13 s A0 1 g ; /£ DC2_DTLZ3
I 8 SR A5 IGD FEARAHXTRK, HAE HV b b
HEA —E R, s R T A e EE. 45
W], CMaOEA-ATHE 7 DC_DTLZ i 4 1 1) 52
SEPE 3 A PE AN S B B AR T A 5 FRARE,
FAE BB A AEL AT EL S S Pareto IV 151
Yt % H bR ] T J I AR 58 (1) 55 5+ 7.

3.4 BIETE MW SRR IIXT He b

BN BT CMaOEA-ATHE 7E A~ [7] 938, 7] 25
rEfE, & 5S4 T 0 A VETE MW IR & BT
IGD fE4u it 455, ¥ 3 MJg7R 1 6 FhBEAELE 10 Hir
MW 14 [i] @ F 3545 1 E ST A 5 AT

grpTEe s RO 3 AT, AR B Ak AR
ALAT I MW 43 1) 8, CMaOEA-ATHE 7£ 13 4
U EAE T 8 AN AR ) IGD Fe AR, i S

RS 6 MEETE MW ERER IGD ESAHER (9MEMFREE)

problem M MOEA/D-2WA  MOEA/D-FCHT PPS ToP TriP CMaOEA-ATHE
MW 5 1.994 2¢-2 1.591 7e-1 1.472 9e-1 1.417 Oe-1 1.704 8e-2 1.696 0e-2
(6.51e-3)= (1.04e-1)— (9.01e-2)— (L.1le-1)— (8.00e-3) = (8.95¢-3)
3 4.137 Oe-2 5.727 6e-2 5.446 6e-2 2.258 Oe-1 4.552 3e-2 4.112 de-2
(4.76e-4)— (2.07e-3)— (2.13¢-3)— (2.29¢-1)— (6.58¢-3)— (8.07e-6)
s 1.350 6e-1 1.854 de-1 1.873 3e-1 2.270 le-1 1.699 le-1 1.347 6e-1
wa (6.35¢-4)— (1.126-2)— (8.39¢-3)— (3.23¢-2)— (4.73¢-3)— (3.96e-4)
¢ 2.159 9e-1 3.697 3e-1 2.928 Se-1 3.500 8e-1 3.644 7e-1 2.170 8e-1
(3.75e-4)+ (4.746-2)— (7.84¢-3)— (1.08¢-1)— (1.75¢-2)— (1.25¢-4)
0 3.052 1e-1 4.809 2¢-1 3.232 Se-1 3.497 9e-1 4475 Se-1 3.094 Se-1
(1.21e-2)+ (8.766-2)— (1.88¢-2)— (1.35¢-2)— (2.59-2)— (1.42¢-4)
3 5.128 1le-2 1.669 3e-1 1.425 8e-1 1.822 8e-1 4.801 9¢-2 5.106 8e-2
(3.78¢-3)= (7.97e-2)— (5.30e-2)— (2.15¢-1)— (1.87e-3)+ (2.14e-3)
s 2.034 de-1 3.168 2e-1 2.940 6e-1 5.428 Se-1 2.318 3e-1 2.024 1e-1
W (1.87e-3)— (5.51e-2)— (5.31e-2)— (3.84e-1)— (1.14e-2)— (8.64e-4)
¢ 3.944 7e-1 6.002 4e-1 5.446 9e-1 6.677 Oe-1 4.796 de-1 3.915 3e-1
(2.27e-3)— (1.12e-1)— (2.97¢-2)— (3.1le-1)— (7.66e-3)— (1.65¢-3)
0 4.826 9e-1 5.760 Se-1 6.190 6e-1 5.691 7e-1 5.927 9e-1 4.763 9e-1
(2.19¢-3)— (5.31e-2)— (3.58¢-2) - (8.02e-3)— (9.93e-3)— (4.84¢-3)
3 2.122 2e-1 2.046 Se-1 1.439 8e-1 2.061 4de-1 1.059 2e-1 2.109 4de-1
(9.22e-4)= (5.87e-3)+ (.41e-2)+ (7.01e-2)+ (2.57e-3)+ (5.21e-3)
s 6.951 Oe-1 7.611 8e-1 1.102 8e+0 2.008 6e+0 4.411 Oe-1 6.811 Oe-1
W14 (1.76e-2)— (6.426-2)— (3.72e-1)— (4.16¢-1)— (1.69e-2)+ (2.95¢-2)
¢ 9.665 Ge-1 1.355 7e+0 1.238 le+0 1.227 le+0 1.210 3e+0 9.598 7e-1
(2.63e-2)— (6.51e-2)— (4.65¢-2)— (3.14e-2)— (3.746-2)— (L.11e-2)
0 1.827 9¢+0 1.933 1e+0 1.637 9¢+0 1.651 8e+0 1.607 4e+0 1.599 9¢+0
(4.89¢-2)— (1.76e-1)— (3.0le-2)= (1.93¢-2)— (1.77e-2)= (9.78e-2)
+/—/= 2/5/6 1/12/0 1/12/0 1/12/0 3/8/2

i

iy

(b) MOEA/D-FCHT

iy

i

i
(d) TOP

#3

(e) TriP
MW14 8185 10 Bfr L3RS MIELECiRE

I 2 3 4 5 6 7 8
4EHL
(f) CMaOEA-ATHE

iy



%54

IMHF AT LN EAMG ARG %S BARENLHT &

1521

61 %, HAEIRFEFIEEFIUCSPE . 2 FE 0 2 A7 P 75 T
I TSR . R 0l 2 B 2 R R A G
CMaOEA-ATHE FIML# S 05, i BRI T 1% 07 v
ARG S T BE R B AR AL 5w AR & 7 234
Al U] ) A1 A

ibat R 1~ RSUKKE 2. B34 R,
CMaOEA-ATHE 7 4k B K 22 £ AN F)) o] 47 5 5 52
Z& Pareto FiI VS ] CMaOPs B R 3L AL 7 MR fE. 145
EHBREE T R OUC S ZFE RN AT 1, e R
T RFHIERENE, KT B I N ESREE AR A
34 35 R DU () A RGPE. TR, CMaOEA-ATHE J&—
Fhm 2 2 R m 4 2 H bRk AL SR, REE U R
Z% CMaOPs F: 3R A3 = 1 AE ST IL AR 4.

4 g #

KL LA Z W BARAL 7 VR AR & ) R AR B A
IR, St T —FhEE T B IE Y B o G 3 1 1)
AR 2 Hbsd A EEQH A IR T A
X XL B AT A S, fie 8% AE AL I AR Bl 7S T
H b e A0 R 249 5 A 28 ) P13, 78 43 R 48 R 23 1S
B B T IRA S I AEN, m i E & R R HLHE
FERE SO AT PR AR D), 6T b R AN R AR S
THIANMES 5 3EL, PLS2I a] 47 AR A] 4T AME ) 3
AT, AR AR B SPE L 22 R VA 2 A1 1
EFREN R 4 C_ DTLZ, DC_DTLZ Al MW _E#EAT
TORER RS, 25 R AR AR T oAt 5 P AR AL
U B SRV, AR SC B LA T v () WO SSONS P 0 B 4
EFRE, XA R H bR 45 R 5 2% 7T 47 380K CMaOPs
YIEA R r skt Refifz e v,

AR TN Ak 22 O 457 B0k 1Y) 0 1 AR 5
FEPRZ T v G A L | A0 B 5 % ) e A B 5
W, DAIE— D42 T HAE 52 B B Hh B (E AT T 2

SEHk (References)

(1] BUSESE, EE, A4 R, 5 O RBLAREFEL H iR
JB) 43 AR 20 RS L NSGA-TT LAk 57 [0]. 2 l 5 v
R, 2020, 35(10): 2466-2474.
(Gu Q H, Mo M H, Lu C W, et al. Decomposition-based

NSGA-II  for
constrained many-objective optimization problems[J].
Control and Decision, 2020, 35(10): 2466-2474.)

[21 Zhang Y C, Ma M C, Yang X Y, et al. Disturbance-
observer-based fixed-time control for 6-DOF spacecraft

constrained dominance principle

rendezvous and docking operations under full-state
constraints[J]. Acta Astronautica, 2023, 205: 225-238.

B] ARFEL, KRS, FUE, 55, 2T IR SR A0 2 2] KB
b ZE (] 1 B 1] JELT). #2155 e sk, 2024, 39(2): 595-
603.

(4]

(5]

[7]

[10]

(1]

[12]

[14]

(Zhu J Z, Zhang H L, Wang C, et al. Fuzzy job shop
scheduling problem based on deep reinforcement
learning[J]. Control and Decision, 2024, 39(2): 595-
603.)

JELBE R, R, W, A ST IR I T -
WA 2 H bRt O JE 4 A2 BT 7). 3] 5 TR IR,
2025, 40(2): 413-422.

(Zhou X C, Zheng Z L, Yang K, et al. Research on time-
and-site dependent multi-objective green vehicle routing
problem in urban logistics distribution[J]. Control and
Decision, 2025, 40(2): 413-422.)

Li X, Lai J G, Tang R L. A hybrid constraints handling
strategy for multiconstrained multiobjective
optimization problem of microgrid economical/
environmental dispatch[J]. Complexity, 2017, 2017(1):
6249432.

B, TR, AW, & R AL 0] AR
AR Mgk BUEVR D). 5 ek, 2024, 39(8):
2551-2559.

(Lv L, Pan N K, Xiao R B, et al. Hybrid multi-strategy
firefly algorithm for solving optimization problems with
constraints[J]. Control and Decision, 2024, 39(8): 2551-
2559.)

FRAE, P, BRAL . XA 2 S B S| 3 H X A4
W2 B bR E D] S R, 2024, 39(12):
4083-4092.

(Wang F M, Sun J, Dai H W. An interval constraint
violation  degree  guided interval  constrained
multiobjective evolutionary algorithm[J]. Control and
Decision, 2024, 39(12): 4083-4092.)

Ma Z W, Wang Y. Shift-based penalty for evolutionary
constrained multiobjective  optimization and its
application[J]. IEEE Transactions on Cybernetics, 2023,
53(1): 18-30.
Harada T.
coevolutionary algorithm for constrained multiobjective

Parallel cooperative — multiobjective
optimization problems[J].
2024, 153: 111290.

Qiao K J, Chen Z L, Qu B Y, et al. A dual-population

evolutionary algorithm based on dynamic constraint

Applied Soft Computing,

processing and resources allocation for constrained
multi-objective  optimization  problems[J].  Expert
Systems with Applications, 2024, 238: 121707.

Ning W K, Guo BL, Yan Y Y, et al. Constrained multi-
objective optimization using constrained non-dominated
sorting combined with an improved hybrid multi-
objective  evolutionary  algorithm[J].
Optimization, 2017, 49(10): 1645-1664.
Dang Q L. Multiple dynamic penalties based on

Engineering

decomposition for constrained optimization[J]. Expert
Systems with Applications, 2022, 206: 117820.

Jiao R W, Zeng S Y, Li C H, et al. Two-type weight
adjustments in MOEA/D for highly constrained many-
objective optimization[J]. Information Sciences, 2021,
578:592-614.

Deb K, Pratap A, Agarwal S, et al. A fast and elitist


https://doi.org/10.1016/j.actaastro.2023.02.005
https://doi.org/10.1109/TCYB.2021.3069814
https://doi.org/10.1016/j.asoc.2024.111290
https://doi.org/10.1016/j.eswa.2023.121707
https://doi.org/10.1016/j.eswa.2023.121707
https://doi.org/10.1080/0305215X.2016.1271661
https://doi.org/10.1080/0305215X.2016.1271661
https://doi.org/10.1016/j.eswa.2022.117820
https://doi.org/10.1016/j.eswa.2022.117820
https://doi.org/10.1016/j.ins.2021.07.048

1522

5

*

R £40%

[16]

[17]

(18]

[20]

(21]

[22]

(23]

(24]

(23]

IEEE
Transactions on Evolutionary Computation, 2002, 6(2):
182-197.

Qiao K J, Liang J, Yu K J, et al. Self-adaptive resources

multiobjective genetic algorithm: NSGA-II[J].

allocation-based differential evolution for constrained
evolutionary optimization[J].
Systems, 2022, 235: 107653.
Runarsson T P, Yao X. Stochastic ranking for
IEEE
Transactions on Evolutionary Computation, 2000, 4(3):
284-294.

Deb K, Jain H. An evolutionary many-objective

Knowledge-Based

constrained  evolutionary  optimization[J].

optimization algorithm using reference-point-based

nondominated sorting approach, part II: Handling
constraints and extending to an adaptive approach[J].
IEEE Transactions on Evolutionary Computation, 2014,
18(4): 577-601.

Wang Y, Cai Z X, Zhou Y R, et al. An adaptive tradeoff
model for constrained evolutionary optimization[J].
IEEE Transactions on Evolutionary Computation, 2008,
12(1): 80-92.

Peng H, Xu Z Z, Qian J Y, et al. Evolutionary
constrained optimization with hybrid constraint-handling
technique[J]. Expert Systems with Applications, 2023,
211: 118660.

Han D, Du W L, Jin Y C, et al. A fuzzy constraint
handling technique for decomposition-based constrained
multi- and many-objective optimization[J]. Information
Sciences, 2022, 597: 318-340.

Liu Z Z, Wang Y. Handling constrained multiobjective
optimization problems with constraints in both the
decision and objective spaces[J]. IEEE Transactions on
Evolutionary Computation, 2019, 23(5): 870-884.

Fan Z, Li W J, Cai X Y, et al. Push and pull search for
solving  constrained multi-objective  optimization
problems[J]. Swarm and Evolutionary Computation,
2019, 44: 665-679.

Pang L M, Ishibuchi H, Shang K. Use of two penalty
values in multiobjective evolutionary algorithm based on
decomposition[J]. IEEE Transactions on Cybernetics,
2023, 53(11): 7174-7186.

Li X, An Q, Zhang J, et al. A novel two-stage constraints
handling framework for real-world multi-constrained
multi-objective  optimization problem based on
evolutionary algorithm[J]. Applied Intelligence, 2021,
51(11): 8212-8229.

Jiao L C, Luo J J, Shang R H, et al. A modified objective
function method with feasible-guiding strategy to solve

constrained multi-objective optimization problems[J].

[26]

[27]

[28]

[29]

[30]

[32]

[33]

[34]

Applied Soft Computing, 2014, 14: 363-380.
Tian Y, Cheng R, Zhang X Y, et al. A strengthened

dominance relation considering convergence and
diversity for evolutionary many-objective
optimization[J]. IEEE Transactions on Evolutionary

Computation, 2019, 23(2): 331-345.

Zitzler E, Laumanns M, Thiele L. SPEA2: Improving
the strength pareto evolutionary algorithm[J]. Technical
Report Gloriastrasse, 2001, 103: 95-100.

Tian Y, Cheng R, Zhang X Y, et al. PlatEMO: A
MATLAB platform for evolutionary multi-objective
optimization[educational forum[J]. IEEE Computational
Intelligence Magazine, 2017, 12(4): 73-87.

Ming F, Gong W Y, Wang L, et al. A tri-population
based co-evolutionary framework for constrained multi-
objective  optimization problems[J]. Swarm and
Evolutionary Computation, 2022, 70: 101055.

Li K, Chen R Z, Fu G T, et al. Two-archive evolutionary
algorithm for constrained multiobjective optimization[J].
IEEE Transactions on Evolutionary Computation, 2019,
23(2): 303-315.

Ma Z W, Wang Y. Evolutionary
multiobjective optimization: Test suite construction and

constrained

performance comparisons[J]. IEEE Transactions on
Evolutionary Computation, 2019, 23(6): 972-986.
Zitzler E, Thiele L, Laumanns M, et al. Performance
assessment of multiobjective optimizers: An analysis
and review[J]. IEEE Transactions on Evolutionary
Computation, 2003, 7(2): 117-132.

Bader J, Zitzler E. HypE: An algorithm for fast
hypervolume-based many-objective optimization[J].
Evolutionary Computation, 2011, 19(1): 45-76.

Bosman P A N, Thierens D. The balance between
proximity and diversity in multiobjective evolutionary
algorithms[J]. IEEE Transactions
Computation, 2003, 7(2): 174-188.

on Evolutionary

&N

FAREE (1997-), 55, WA, 32 2R 5807 19 AL T

#, B-mail: wanglf520qq@163.com;

HINHE (1987-), L, B, 1, EEH T R vt

fhit& . AR, E-mail: jielilin@nchu.edu.cn;

N

%N

R (1965-), B, Ba%, W4, LR T 7 M BT
1A, E-mail: liming@nchu.edu.cn;
fA[iE8 (1992-), 55, PHIm, 112, 3= BLRF AL ) adkfb 5
K& Ab 2, E-mail: 71368@nchu.edu.cn;
R (1974-), B, HUAR, WL, LERFT AL

Hik, BAEFEH, E-mail: jhleel26@126.com.


https://doi.org/10.1109/4235.996017
https://doi.org/10.1109/4235.996017
https://doi.org/10.1016/j.knosys.2021.107653
https://doi.org/10.1016/j.knosys.2021.107653
https://doi.org/10.1016/j.knosys.2021.107653
https://doi.org/10.1016/j.knosys.2021.107653
https://doi.org/10.1109/4235.873238
https://doi.org/10.1109/4235.873238
https://doi.org/10.1109/TEVC.2013.2281535
https://doi.org/10.1109/TEVC.2007.902851
https://doi.org/10.1016/j.eswa.2022.118660
https://doi.org/10.1016/j.ins.2022.03.030
https://doi.org/10.1016/j.ins.2022.03.030
https://doi.org/10.1109/TEVC.2019.2894743
https://doi.org/10.1109/TEVC.2019.2894743
https://doi.org/10.1016/j.swevo.2018.08.017
https://doi.org/10.1109/TCYB.2022.3182167
https://doi.org/10.1007/s10489-020-02174-5
https://doi.org/10.1016/j.asoc.2013.10.008
https://doi.org/10.1109/TEVC.2018.2866854
https://doi.org/10.1109/TEVC.2018.2866854
https://doi.org/10.1109/MCI.2017.2742868
https://doi.org/10.1109/MCI.2017.2742868
https://doi.org/10.1016/j.swevo.2022.101055
https://doi.org/10.1016/j.swevo.2022.101055
https://doi.org/10.1109/TEVC.2018.2855411
https://doi.org/10.1109/TEVC.2019.2896967
https://doi.org/10.1109/TEVC.2019.2896967
https://doi.org/10.1109/TEVC.2003.810758
https://doi.org/10.1109/TEVC.2003.810758
https://doi.org/10.1162/EVCO_a_00009
https://doi.org/10.1109/TEVC.2003.810761
https://doi.org/10.1109/TEVC.2003.810761
mailto:wanglf520qq@163.com
mailto:jielilin@nchu.edu.cn
mailto:liming@nchu.edu.cn
mailto:71368@nchu.edu.cn
mailto:jhlee126@126.com

