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Abstract: To tackle the challenges posed by high-dimensional and constrained solution spaces in large-scale con-
strained multi-objective optimization problems, this study employs an autoencoder-based solution space reduction technique
to enhance the search efficiency of evolutionary algorithms. Firstly, a feasibility label pairing strategy is designed to train
the autoencoder. By incorporating both feasible and infeasible solutions as two distinct classes of samples, a subspace can
be constructed that captures the topological information of feasible regions. Also, this subspace can be regarded as the re-
duced representation of the original solution space. Secondly, the genetic operator is applied within the reduced subspace
to produce the offspring, and the reconstructed outputs are subsequently mapped back to the original solution space using
the decoder. This process can enable the location of the potential feasible regions. Lastly, an adaptive generation strategy
is introduced to combine the advantages of offspring generated within both the reduced subspace and the original space, to
prevent the model collapse and enhance the search efficiency. To validate the performance of the proposed algorithm, a
comparative analysis is conducted against five state-of-the-art algorithms using publicly available test suites. The experi-
mental results demonstrate that the proposed algorithm exhibits faster convergence speed and produces solutions of superior
quality.
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1 OMBEZERREE A 1008 CPR IBME LRBMICD FHESHREE

7] fi5E D NSGAII-CDP IDBEA ToP LMOCSO POCEA CMOEA-SSR

CF1 100 | 3.3215E-2(3.51E-3)- | 8.2618E-2(2.68E-2)— | 8.7625E-3(6.88E-3)+ | 1.8203E-1(1.08E-1)- | 9.1408E-2(1.41E-2)- 2.981 1E-2(5.32E-3)
CF2 100 | 1.0338E-1(1.64E-2)= | 1.1453E-1(1.85E-2)- | 1.003 1E-1(1.47E-2)= | 9.8012E-2(1.30E-1)- | 2.2003E-1(1.38E-1)- | 9.3422E-2(2.06E-2)
CF3 100 | 2.3218E-1(1.27E-1)= | 3.9005E-1(1.30E-1)—- | 3.2028E-1(2.17E-1)= | 3.4290E-1(2.24E-1)= | 3.7270E-1(1.40E-1)- 2.6823E-1(1.49E-1)
CF4 100 | 2.8149E-1(1.46E-1)= | 1.1298E+0(1.17E+0)— | 3.9694E-1(1.37E-1)- | 3.6833E-1(1.06E-1)- | 3.3509E-1(7.02E-2)- | 2.7922E-1(6.63E-2)
CF5 100 | 4.8992E-1(1.17E-1)+ | 1.5620E+1(7.68E+0)= | 1.6527E+1(6.11E+0)= | 4.228 3E-1(9.06E-2)+ | 3.7592E-1(2.97E-2)+ | 1.7784E+1(3.11E+0)
CF6 100 | 5.4316E-1(6.54E-2)- | 1.0257E+0(3.86E-1)— | 4.1504E-1(4.59E-2)- | 4.2150E-1(7.08E-2)— | 3.803 6E—-1(8.28E-2)- | 2.9944E-1(3.88E-2)
CF7 100 | 4.0344E-1(8.67E-2)+ | 8.2298E+0(9.85E+0)+ | 4.3593E+1(1.09E+1)— | 4.2534E-1(1.09E-1)+ | 3.578 0E~1 (5.05E-2)+ | 2.5993E+1(4.65E+0)
CF8 100 NaN (NaN) NaN (NaN) NaN (NaN) 2.0378E-1(1.58E-2)+ | 3.2244E-1(5.89E-2)- 2.5744E-1(2.71E-2)
CF9 100 | 3.8525E-1(3.63E-1)- | 4.8677E-1(1.49E-1)— | 3.048 1E-1(1.27E-1)+ | 1.2514E~-1(8.47E-3)+ | 1.9892E-1(2.86E-2)+ | 3.2614E-1(1.28E-1)
CF10 | 100 NaN (NaN) NaN (NaN) NaN (NaN) 5.8893E-1(4.96E-2)+ | 4.7045E-1 (3.34E-2)+ 8.3344E-1(1.54E-1)

+/-/= 2/5/3 1/8/1 2/5/3 5/4/1 4/6/0
R2 HBERFAERRKRYERE S 2008 CFLK BB %k FIRBMICD FHESIREE

Rl D NSGAII-CDP IDBEA ToP LMOCSO POCEA CMOEA-SSR

CF1 200 2.6085E-2(1.26E-3)— 1.0170E-1(3.41E-2)- | 2.9995E-2(7.69E-3)— 1.5406E-1(5.24E-2)— 1.1932E-1(3.52E-3)— 1.9681E-2(2.98E-3)
CF2 200 1.1705E-1(1.09E-2)— 1.5798E-1(3.32E-2)— 1.3769E-1(1.52E-2)— 1.4096E-1(1.36E-1)= | 3.2827E-1(1.52E-1)- 8.7071E-2(1.14E-2)
CF3 200 4.0290E-1(1.65E-1)- | 5.4689E-1(2.08E-1)- | 3.3098E-1(1.93E-1)= | 7.5065E-1(2.13E-1)- | 4.2853E-1(1.16E-1)— 2.4909E-1(8.78E-2)
CF4 | 200 | 4.4730E-1(7.87E-2)- | 4.6987E+0(4.05E+0)- | 4.5234E-1(8.55E-2)- | 4.7146E-1(8.70E-2)- | 4.0484E-1(7.51E-2)— 2.4028E-1(3.20E-2)
CF5 200 | 5.9306E-1(5.07E-2)+ | 4.9575E+1(7.98E+0)- | 4.1410E+1(1.24E+1)- | 5.6602E-1(1.41E-1)+ | 4.4746E-1(2.92E-2)+ 3.1252E+1(3.97E+0)
CF6 200 6.5259E-1(3.28E-2)— | 3.2294E+0(6.22E-1)- | 5.6149E-1(2.76E-2)- 5.7125E-1(4.80E-2)— | 6.1372E-1(4.75E-2)- 3.1389E-1(3.45E-2)
CF7 200 4.6556E-1(6.32E-2)+ | 4.6991E+1(1.67E+1)= 1.0263E+2(1.09E+1)- | 9.4821E-1(7.01E-1)+ | 4.0658E-1(8.88E-2)+ 5.409 1E+1(5.68E+0)
CF8 200 NaN(NaN) NaN(NaN) NaN(NaN) 2.5271E-1(2.69E-2)+ | 3.5809E-1(3.87E-2)- 2.9852E-1(1.81E-2)
CF9 200 | 1.7026E-1(5.65E-2)+ | 7.2841E-1(9.83E-2 3.2015E-1(7.24E-3)- | 1.9178E-1(1.97E-2)+ | 2.0295E-1(1.88E-2)+ 3.0510E-1(6.00E-2)
CF10 | 200 NaN(NaN) NaN(NaN) NaN(NaN) 7.6351E-1(4.28E-2)+ NaN(NaN) 1.0529E+0(1.54E-1)

+/-/= 3/7/10 0/9/1 0/9/1 5/4/1 3/7/0
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NEL R Hil) Yy
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R3 OMBEZERREREA008 CFURDBE EFBHICD FHESRES
) D NSGAII-CDP IDBEA ToP LMOCSO POCEA CMOEA-SSR
CF1 300 | 2.2774E-2(2.44E-3)- | 1.0153E-1(6.65E-3)— | 6.8824E-2(1.23E-2)— | 1.3297E-1(8.72E-2)— | 1.3039E-1(3.14E-3)— 1.996 7E-2 (1.75E-3)
CF2 300 1.1599E-1(1.22E-2)- | 1.596 1E-1(6.34E-2)— | 1.3813E-1(2.96E-2)- | 1.7929E-1(1.65E-1)= | 3.1456E-1(1.41E-1)- | 9.1442E-2(1.08E-2)
CF3 300 | 3.5960E-1(5.33E-2)- | 4.7572E-1(2.99E~-1)- | 3.9652E-1(2.69E-1)- | 7.5979E-1(1.92E-1)- | 4.5147E-1(1.17E-1)- | 2.1230E-1(8.13E-2)
CF4 300 | 3.6649E-1(1.06E-1)- | 4.750 1E+0(4.14E+0)— | 3.657 7E-1(1.13E-1)— | 5.497 7E-1(3.52E-2)- | 3.7159E-1(5.09E-2)- | 2.4546E-1(3.13E-2)
CF5 300 | 5.8358E-1(5.53E-2)+ | 5.9540E+1(2.47E+1)- | 6.168 6E+1(1.70E+1)— | 1.3902E+0(1.04E+0)+ | 4.5423E-1(3.19E-2)+ | 4.5764E+1(3.99E+0)
CF6 300 | 6.0455E-1(8.28E-2)- | 5.0024E+0(2.48E+0)— | 5.7744E-1(5.52E-2)— | 6.4052E-1(4.32E-2)- | 6.7465E-1(3.61E-2)- | 3.1520E-1(2.59E-2)
CF7 300 | 4.6605E-1(8.87E-2)+ | 8.4774E+1(2.08E+1)= | 1.582 1E+2(2.14E+1)— NaN (NaN) 4.2383E-1(7.75E-2)+ | 8.906 6E+1(5.16E+0)
CF8 300 NaN (NaN) NaN (NaN) NaN (NaN) 3.0989E-1(2.05E-2)+ | 3.4929E-1(4.13E-2)= | 3.3633E-1(2.35E-2)
CF9 300 | 2.1300E-1(1.55E-1)+ | 7.5427E-1(1.58E-1)- | 3.3100E-1(6.71E-2)— | 2.233 1E-1(1.63E-2)+ | 1.9695E~-1(1.38E-2)+ | 3.2079E-1(4.22E-2)
CF10 | 300 NaN (NaN) NaN (NaN) NaN (NaN) NaN (NaN) NaN (NaN) 1.1396E+0(1.39E-1)
+/-/= 3/7/10 0/9/1 0/10/0 3/6/1 3/6/1
R4 CTBEEERKRYUERE S S00H CFLR BB % EIRBIICD FHESIREE
B D NSGAII-CDP IDBEA ToP LMOCSO POCEA CMOEA-SSR
CF1 500 | 2.3195E-2(4.12E-3)= | 1.2300E-1(7.42E-3)- | 1.0579E-1(5.90E-3)- | 5.328 5E-2(3.70E-2)— | 1.3544E-1(4.06E-3)- | 2.2740E-2(3.68E-3)
CF2 500 | 1.0526E-1(1.50E-2)= | 1.8204E-1(6.11E-2)+ | 1.8512E-1(5.08E-2)+ | 1.0835E-1(1.12E-1)+ | 2.204 6E-1(1.37E-1)- 1.896 2E-1(1.62E-1)
CF3 500 | 2.998 IE-1(1.02E-1)= | 6.2284E—-1(4.11E-1)- | 2.5721E-1(2.33E-1)+ | 3.9694E-1(2.67E-1)= | 2.7432E-1(1.46E-1)= | 2.9628E-1(1.12E-1)
CF4 500 | 4.0300E-1(9.82E-2)- | 1.3162E+1(1.15E+1)— | 3.7895E-1(9.12E-2)— | 3.376 1E-1(1.34E-2)- | 3.4355E-1(5.78E-2)- | 2.8303E-1(4.50E-2)
CF5 500 | 5.3086E-1(8.41E-2)+ | 1.400 1E+2(4.04E+1)— | 8.2494E+1(2.58E+1)= | 6.1099E+0(5.07E+0)+ | 4.2389E-1(4.72E-2)+ | 8.1217E+1(8.96E+0)
CF6 500 | 6.3620E-1(8.05E-2)- | 1.1715E+1(4.69E+0)— | 6.5126E-1(4.50E-2)— | 5.9693E-1(9.17E-2)- | 6.7723E-1(9.12E-2)- | 4.1244E-1(1.29E-1)
CF7 500 | 3.6730E-1(7.97E-2)+ | 1.1354E+2(8.22E+1)+ | 2.771 TE+2(2.12E+1)— | 7.763 8E+0(4.84E+0)+ | 3.6020E-1(3.43E-2)+ | 1.7207E+2(2.20E+1)
CF8 500 NaN (NaN) NaN (NaN) NaN (NaN) 3.412 1E-1(2.27E-2)+ | 3.0122E-1(3.16E-2)= 3.6258E-1(1.04E-2)
CF9 500 | 2.0902E-1(9.47E-2)+ | 1.0380E+0(2.62E-1)~- | 2.8974E-1(3.25E-2)+ | 2.3212E-1(1.95E-2)+ | 1.840 1E-1(1.84E-2) + 3.496 8E-1(2.67E-2)
CF10 | 500 NaN (NaN) NaN (NaN) NaN (NaN) 7.9964E-1(7.19E-2)+ | 7.0827E~-1(1.60E-1)+ 1.428 5E+0(1.40E-1)
+/-/= 3/4/3 2/8/0 3/6/1 6/3/1 4/4/2
K5 OMBESRERERFLEER CLSMOP IR BB & FIRBIICD FHESIFEE
[rJEt D NSGAII-CDP IDBEA ToP LMOCSO POCEA CMOEA-SSR
100 | 8.2336E-1(1.47E-2)- | 8.3238E-1(1.67E-2)- | 8.2261E-1(5.79E-2)= | 1.7953E+0(1.05E+0)—- | 1.4079E+0(1.85E+0)= | 8.0194E-1(3.42E-2)
CLSMOP1 200 | 8.4106E-1(1.82E-2)- | 8.5111E-1(3.87E-3)- | 2.5540E+0(1.30E+0)- | 4.2209E+0(2.08E+0)- | 4.6503E+0(3.74E+0)- | 7.9149E-1(2.06E-2)
300 | 8.6849E-1(1.76E-2)- | 8.4968E-1(2.24E-3)- | 4.2048E+0(1.34E+0)- | 5.6021E+0(1.93E+0)- | 6.3331E+0(3.37E+0)- | 8.1438E-1(3.12E-2)
500 | 1.4864E+0(1.76E+0)+ | 8.4861E-1(9.55E-3)+ | 6.3016E+0(1.29E+0)- | 5.9558E+0(1.62E+0)- | 7.8380E+0(2.55E+0)— | 2.8860E+0(1.59E+0)
100 | 2.0433E-1(1.12E-3)- | 1.9990E-1(5.36E-4)+ | 2.0306E-1(7.18E-4)- | 1.9544E-1(3.46E-4)+ | 1.9895E-1(3.22E-4)+ | 2.0165E-1(3.44E-4)
CLSMOP2 200 | 1.1632E-1(1.05E-3)- | 1.1144E-1(2.44E-4)+ | 1.1440E-1(6.41E-4)- | 1.0922E-1(5.75E-5)+ | 1.0986E-1(8.42E-5)+ | 1.1325E-1(2.89E-4)
300 | 8.7002E-2(1.27E-3)- | 8.1308E-2(1.66E-4)+ | 8.5135E-2(6.25E-4)- | 7.9250E-2(3.17E-5)+ | 7.9625E-2(2.75E-5)+ | 8.3713E-2(2.99E-4)
500 | 6.1924E-2(1.05E-3)- | 5.4841E-2(1.86E-4)+ | 6.0532E-2(6.41E-4)- | 5.3563E-2(2.20E-5)+ | 5.3811E-2(1.22E-5)+ | 5.9383E-2(5.38E-4)
100 | 8.6626E-1(3.00E-2)- | 8.6098E~-1(1.46E-3)- | 2.6848E+0(3.43E+0)- | 1.7186E+0(2.27E+0)— | 8.5544E~-1(5.84E-3)- | 8.0231E-1(4.38E-2)
CLSMOP3 200 | 1.5120E+0(5.23E-1)- | 8.6288E-1(9.33E-3)- | 7.3695E+0(4.68E+0)- | 3.7017E+0(4.38E+0)— | 8.5461E-1(1.56E-2)= | 8.2564E-1(4.42E-2)
300 | 2.3825E+0(9.54E-1)- | 5.1848E+0(2.42E+1)- | 7.5885E+0(3.72E+0)- | 3.8155E+0(2.89E+0)— | 8.5330E-1(1.12E-2)= | 8.2004E-1(4.48E-2)
500 | 1.7911E+0(1.88E+0)+ | 8.4871E~-1(3.86E-2)+ | 8.9926E+0(3.28E+0)- | 5.5460E+0(3.60E+0)= | 8.4218E~-1(2.14E-2)+ | 3.9324E+0(1.87E+0)
100 | 5.4218E-1(1.85E-3)+ | 5.4062E-1(9.08E-4)+ | 6.1217E-1(1.22E-2)- | 5.7168E-1(7.66E-3)= | 6.0266E-1(1.59E-2)- | 5.7048E-1(2.11E-2)
CLSMOP4 200 | 3.9776E-1(8.86E-4)+ | 4.0117E-1(8.15E-3)+ | 4.0685E-1(3.64E-3)- | 3.7456E-1(5.74E-3)+ | 4.0906E-1(4.00E-3)- | 4.0191E-1(3.18E-3)
300 | 3.1787E-1(8.22E-4)- | 3.1730E-1(1.23E-3)- | 3.1850E~-1(1.44E-3)- | 2.8917E-1(1.90E-3)+ | 3.1684E~-1(3.86E-3)= | 3.1614E-1(8.68E-4)
500 | 2.1841E-1(1.16E-3)- | 2.1205E-1(2.17E-4)+ | 2.1660E-1(1.20E-3)- | 1.9056E-1(4.20E-3)+ | 2.0991E-1(5.41E-3)+ | 2.1480E-1(7.84E-4)
100 | 5.4134E-1(2.29E-3)+ | 5.4441E-1(1.31E-2)+ | 4.3219E+0(2.26E+0)- | 1.3097E+1(2.26E+0)- | 9.4535E+0(4.09E+0)- | 7.6994E-1(6.89E-2)
CLSMOPS 200 | 5.6730E-1(6.98E-2)+ | 5.4957TE-1(3.65E-2)+ | 7.9495E+0(2.40E+0)- | 1.5370E+1(1.87E+0)- | 1.1696E+1(4.18E+0)— | 4.9493E+0(2.46E+0)
300 | 7.2949E-1(1.70E-1)+ | 5.9484E-1(1.02E-1)+ | 9.1812E+0(2.12E+0)- | 1.606 IE+1(3.07E+0)—- | 1.3590E+1(2.75E+0)- | 5.8807E+0(2.84E+0)
500 | 9.2715E-1(5.00E-1)+ | 7.4667TE-1(3.45E-1)+ | 6.7779E+0(1.92E+0)= | 1.6355E+1(2.49E+0)- | 1.3642E+1(2.38E+0)- | 8.0126E+0(4.60E+0)
+/-/= 8/12/0 13/7/0 0/18/2 71172 6/10/4
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R LSS T P BEARAE R /N it PERE AR AL, 23
5 B R ANRE R /NG CLSMOP W 2t [ B4R 1 4K 75 1Y
SRR, 6 s . N6 AT LA i, FhfiE /N it

300 LU , kRS TH AN (BRI ERUAR D T 300 15
UL CMOEA-SSR 94 fE B 25 Ff ML 1) 52 T4 Bt
t— 5Tt

F6 AREFEEME TEHIRE AL CLSMOP X A REE ERBHIICD FHE SR AEE

[ L D N=100 N=200 N=300 N=400 N=500
CLSMOP1 | 300 | 3.389 8E+0 (1.68E+0) | 2.010 7E+0 (1.34E+0) | 8.131 8E~1(3.10E-2) | 1.714 2E+0 (1.12E+0) | 1.722 3E+0 (1.20E+0)
CLSMOP2 | 300 | 1.0198E-1(3.24E-3) | 8.8658E-2(9.18E-4) | 8.370 0E-2(2.96E-4) | 8219 3E-2(3.39E-4) | 8.063 6E-2(3.67E~4)
CLSMOP3 | 300 | 3.357 3E+0 (2.68E+0) | 2.648 4E+0 (2.35E+0) | 8.186 SE-1(4.49E-2) | 3.124 3E+0 (1.73E+0) | 2.632 5E+0 (2.36E+0)
CLSMOP4 | 300 | 3.304 0E-1(4.99E-3) | 3.2152E-1(2.34E-3) | 3.160 9E-1(8.44E-4) | 3.160 9E-1(1.38E-3) | 3.146 5E-1(1.28E-3)
CLSMOP5 | 300 | 4.886 7E+0 (2.88E+0) | 7.294 8E+0 (3.99E+0) | 5.739 OE+0 (2.78E+0) | 9.721 OE+0 (6.36E+0) | 1.110 8E+1 (4.95E+0)

AR, 6 FhBEEE7E CF4 1 CLSMOP1 | ()32 1GD i
SR AN 4 B . AT LB Y, B2 D5 25 ) 4 i 43
i, % EL 35 CMOEA-SSR i 22 FE B W A8 k. i T
CMOEA-SSR % FH 93T AR (0 4k 5w 7T LLAE 2 o 5
Y2 [ AT R R 2R . DR R S B e B, I 7 A
2 S GO Sl IR
4.3.2 HREhICIS
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AN, CMOEA-SSR 7E 40 145 3 b 528K 2 40 L B i

SO B UE T AR F A N A R I A R . VR 3
5 CMOEA-SSR (X g SR b a] LUE 284K 3 HAERE
Yezs [l AL B 25 SR B .45 T CMOEA-SSR, Hi AR {4 3 fiE
£7 CMOEA-SSR 5H=ATRERFLYERE 4 100 B CLSMOP UK 8] _EIRBH IGD FiE SR E

TE T A7 X A 2R 52 24 i CLSMOP2 Fil CLSMOP4 |3k
3 5 CMOEA-SSR AH I 25 5 (U 7E & 2 24 vl A7 X 3 iy
CLSMOP1,CLSMOP3 F1 CLSMOP5 I, 5 75U [ 44 77 77 45
KAGBER FIEBA iR, T8 R 2 .

fia 50 D AR AR 2 AR 3 CMOEA-SSR
CLSMOP1 | 100 8.018 9E-1 (3.26E-2) = 8.317 8E-1 (1.72E-2) - 7.875 4E+0 (1.03E+0) — 8.019 4E-1 (3.42E-2)
CLSMOP2 | 100 2.022 5E-1 (8.00E-4) — 2.030 4E-1 (9.24E-4) - 2.106 5E-1 (1.90E-3) — 2.016 5E-1 (3.44E-4)
CLSMOP3 | 100 1.088 8E+0 (6.07E-1) — 9.856 6E-1 (2.53E-1) - 1.208 1E+2 (8.70E+1) — 8.023 1E-1 (4.38E-2)
CLSMOP4 | 100 5.903 9E-1 (2.69E-2) — 5.958 OE-1 (2.57E-2) - 5.948 OE-1 (1.12E-2) - 5.704 8E-1 (2.11E-2)
CLSMOPS5 | 100 5.065 5E+0 (4.74E+0) — 8.352 5E+0 (4.60E+0) — 1.426 1E+1 (1.29E+0) - 7.699 4E-1 (6.89E-2)
+/-/= 0/4/1 0/5/0 0/5/0
5 g:'n: -L/I,_\, strained optimization evolutionary algorithms[J]. Journal

AR SCHRE Y 18— T A s ] R A4 1) MR s %2

b A Bk A W S50 R 48 S o 25 T TS AT 7
AT T3 12 G, A 0] A R X B ML [t ) 3K
PEREEA LA H . T R AMIFIE S 5 T R
LY AL AT A7 DX 2 2T RERD T i AR
A s R JUUT e — & BEINAT 5 9B T AR ALK 4 R
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