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Abstract: When dealing with large-scale multi-objective optimization problem (LSMOP), the MOEA/D algorithm shows
poor scalability in the decision space and a tendency to converge to local optima as the dimensionality of decision
variables increases. To address this issue, this study proposes a large-scale MOEA/D algorithm with multiple strategies
(MSMOEA/D). The MSMOEA/D algorithm introduces a hybrid initialization strategy based on autoencoders in the
optimization process to expand the coverage of the initial population, thus promoting global search. Moreover, a
neighborhood adjustment strategy based on aggregation functions is proposed, which can more accurately control the
search range during the search process by adjusting neighborhood sizes, thereby avoiding low search efficiency caused by
excessively large or small neighborhoods. Furthermore, a mutation-selection strategy based on non-dominated sorting is
adopted during the optimization process. Different subproblems select their mutation strategies according to the number of
individuals in the first level of non-dominated sorting to avoid the population falling into local optima and enhance the
overall performance of the algorithm. Finally, the MSMOEA/D algorithm and other existing algorithms are evaluated
using LSMOP and DTLZ test problems. Experimental results verify the effectiveness of the proposed algorithm for
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solving LSMOPs.

Key words: large-scale multi-objective optimization (LSMOP); MOEA/D; autoencoder; neighborhood size;

mutation strategy
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DTLZ4 (1.94E—4) (2.68E-1) (1.33E-4) (9.55E4) (1.16E+0) (8.06E-1) (3.70E-3)
1000 1.8829E-3 2.5329E+0 4.8170E-3 4.5172E-2 1.5992E+1 9.1497E-1 8.2130E-3

(8.13E—4) (4.49E-1) (3.13E-4) (4.36E-2) (1.83E+0) (2.89E-1) (4.14E-3)

500 1.0579E+1 1.9069E+1 9.8526E+0 1.3878E+0 2.7448E+1 1.4595E+1 3.0000E-6

DTLZ6 (7.02E-1) (3.41E+0) (2.98E-1) (6.51E-1) (3.37E-1) (4.47E+0) (1.00E—6)
1000 2.9182E+1 3.8484E+1 2.4984E+1 1.2253E+1 5.4434E+1 2.9960E+1 3.0000E-6

(8.93E-1) (6.01E+0) (4.67E-1) (1.14E+0) (4.75E-1) (1.96E+0) (1.00E—6)

F 3 500 4EF1 1000 4t DTLZ i i) SP 25 5
i g MOEA/D CCGDE3 RVEA MMOPSO LMEA DGEA MSMOEA/D

500 4.9141E+1 3.8601E+2 7.9148E+1 8.1219E+1 7.8359E+2 3.9669E+1 6.0479E+1

DTLZI (2.48E+0) (4.77E+1) (1.20E+1) (1.94E+1) (5.20E+1) (1.38E+1) (4.66E+1)
1000 1.1322E+2 7.5358E+2 1.5981E+2 1.6354E+2 1.4547E+3 6.1131E+1 1.5375E+2

(3.54E+0) (9.20E+1) (2.87E+1) (2.83E+1) (7.96E+1) (2.35E+1) (4.55E+1)

500 4.4031E-2 7.0408E-1 2.9478E-2 3.7704E-2 1.9239E+0 1.1558E-1 5.3428E-2

DTLZY (8.56E—4) (9.40E-2) (3.44E—4) (1.80E-3) (1.60E~1) (1.49E-2) (1.35E-3)
1000 4.6147E-2 1.5156E+0 3.0084E—2 5.1889E-2 3.4965E+0 2.2947E-1 5.8882E-2

(7.40E-4) (1.71E-1) (4.78E—4) (2.70E-3) (3.23E-1) (3.62E-2) (2.02E-3)

500 1.4798E+2 1.0807E+3 4.3312E+2 1.9310E+2 2.1852E+3 2.8384E+2 8.9009E+1

DTLZ3 (1.03E+1) (1.07E+2) (1.16E+2) (3.73E+1) (1.51E+2) (3.42E+2) (7.11E+1)
1000 3.8057E+2 2.2978E+3 9.5318E+2 3.9186E+2 4.1006E+3 6.2613E+2 2.1182E+2

(1.73E+1) (2.08E+2) (1.30E+2) (6.75E+1) (2.82E+2) (1.36E+3) (1.31E+2)

2.8415E-2 9.7839E-1 2.9439E-2 3.8144E-2 7.5813E+0 2.8718E-1 2.5115E-2

DTLZ4 200 (2.13E-2) (5.08E-1) (3.49E-4) (2.04E-3) (3.11E+0) (5.69E~1) (2.18E-2)
1000 3.4498E-2 1.7534E+0 3.0121E-2 5.7913E-2 1.3803E+1 3.9309E-1 1.8752E2

(2.04E-2) (7.72E-1) (5.63E—4) (3.28E-3) (4.33E+0) (1.35E-1) (1.56E-2)

500 9.1549E+0 1.0309E+1 3.7541E+0 8.4047E~1 1.4751E+1 5.7169E+0 4.7620E-3

DTLZ6 (5.98E-1) (1.90E+0) (3.41E-1) (3.91E-1) (1.01E+0) (1.70E+0) (5.89E—4)
1000 2.3924E+1 2.0697E+1 1.0219E+1 6.8225E+0 3.0190E+1 1.2528E+1 4.2510E-3

(7.63E-1) (3.26E+0) (3.83E-1) (7.70E-1) (1.71E+0) (6.47E-1) (5.44E-4)
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Ji] 7 YEPE MOEA/D CCGDE3 RVEA MMOPSO LMEA DGEA MSMOEA/D

100 1.3474E-3 1.8994E+0 2.9838E-2 2.0073E-3 2.5623E-2 2.8226E-4 2.7000E-5

(4.93E-4) (3.85E-1) (1.17E-2) (1.04E-3) (7.55E-2) (2.49E-5) (3.00E—6)

LSMOP! 200 2.0162E-3 1.8761E+0 4.2738E-2 2.2098E-3 9.5077E-2 5.2846E—4 3.7000E-5
(1.07E-3) (4.42E-1) (1.26E-2) (1.30E-3) (1.55E-1) (6.56E-5) (5.00E—6)

500 2.5346E-3 1.8756E+0 4.1496E-2 1.1907E-2 8.2316E-2 1.5665E-3 6.7000E-5

(1.68E-3) (1.41E-1) (1.31E-2) (3.32E-3) (1.57E-1) (2.26E-4) (8.00E—6)

100 3.4295E-3 3.7624E-2 1.2854E-2 3.8220E-3 1.1845E-2 1.8391E-3 6.6100E—4

(2.73E-4) (2.39E-3) (7.78E-4) (1.68E-3) (1.06E-2) (4.86E-4) (4.30E-4)

2.9517E-3 2.0063E-2 7.7078E-3 7.6660E-3 1.1086E-2 1.6695E-3 3.9300E-3

LSMOP2 200
(2.99E-4) (1.30E-3) (4.76E-4) (1.18E-3) (5.18E-3) (8.52E-5) (2.23E-3)
00 2.9064E-3 9.2410E-3 4.5868E3 5.2550E-3 7.5591E-3 9.0679E4  3.8590E3
(2.33E-4) (231E-4) (1.06E-4) (1.45E-4) (1.07E-3) (4.86E-5) (9.00E-5)
100 3.5740E+3 1.3448E+4  5.7064E—6  3.5480E-1 1.6881E+1 1.9041E-1 1.0829E-1
(7.11E+3) (4.93E+3) (1.55E~6) (2.50E-1) (5.36E+1) (L.11E-1) (3.96E-2)
LSMOP3 200 5.8365E3 1.6651E+4  6.2497E—6  5.5025E-1 5.5004E+0 1.7808E1 1.1416E-1
(8.56E-3) (4.66E+3) (1.63E-6) (5.24E-1) (1.31E+1) (7.69E-2) (3.14E-2)
00 1.5970E+3  2.1778E+4  7.6470E-6  2.9252E-1 3.0354E+0 1.4580E-1 3.2533E+2
(7.14E+3) (2.58E+3) (1.19E-6) (2.87E-1) (7.45E+0) (1.60E-1) (3.52E+2)
100 4.0187E-3 6.3156E-2 3.7481E-2 5A4718E-3 1.1399E—2 1.6538E-3 1.6350E-3
(1.25E-3) (1.15E-2) (2.94E-3) (3.03E-3) (1.91E-2) (2.18E-4) (1.84E-4)
2.5791E-3 37771E2  2.0815E-2 6.6703E-3 5.8560E-3 1.1768E-3 1.1440E-3
LSMOP4 200
(3.18E-4) (3.63E-3) (1.68E-3) (2.84E-3) (9.06E-3) (1.29E-4) (1.52E-4)
00 1.4011E-3 1.5606E2 8.4442E 3 8.8599E 3 1.8612E3 6.8546E 4  6.4900E4
(5.37E-5) (8.18E-4) (3.60E-4) (1.67E-3) (2.95E-3) (2.74E-5) (1.40E-5)
100 1.8835E+0  S.1287E+0  3.3466E2  2.7572E 4  2.4426E+0  4.1833E4  4.7000E5
(4.74E+0) (1.31E+0) (9.93E-3) (2.06E-4) (2.88E+0) (1.58E-4) (4.00E~6)
LSMOPS 200 1.0735E+0  5.7061E+0  2.8355E 2 14604E 4  45647E+0  9.2346E 4  7.0000E-5
(1.09E+0) (1.09E+0) (1.13E-2) (6.16E-5) (2.44E+0) (1.50E-4) (5.00E~6)
00 12004E+0  5.6938E+0 1.3996E 2 39467E4  58576E+0  2.1789E 3 1.2200E—4
(1.29E+0) (5.87E-1) (4.43E-3) (1.59E-4) (2.16E+0) (1.31E-4) (8.00E~6)
100 8.8158E+2  5.0656E+3 1.6210E+3 1.4513E-1 1.5815E+2  2.3246E-2  4.8162E-1
(8.85E+2) (2.94E+3) (7.25E+3) (2.37E-2) (2.59E+2) (3.69E-2) (1.13E+0)
LSMOP6 200 6.1653E+4 1.6500E+4  4.7718E+2 1.1019E-1 77663E+2  6.7537TE-2  5.1290E+3
(3.80E+4) (6.92E+3) (2.12E+3) (8.87E-2) (1.98E+3) (8.96E-2) (6.33E+2)
00 97100E+4  3.3683E+4  6.2241E+2  5.6220E-2 14996E+4  1.6886E-2  5.7897E+3
(4.93E+4) (8.70E+3) (2.69E+3) (2.03E-2) (1.47E+4) (LO7E-2) (7.22E+2)
100 23159E+3  3.9999E+4  2.5628E+0 1.3769E+1 8.9039E1 3.1797E-1 1.2603E+3
(5.53E+3) (2.95E+4) (3.27E+0) (6.05E+1) (5.50E-1) (4.29E-1) (1.17E+3)
LSMOPT 200 34929E+3  4.1153E+4 1.3365E+0 1.0284E+2  6.2875E1 2.8827E-1 1.4060E+3
(5.62E+3) (2.32E+4) (2.34E+0) (3.92E+2) (2.67E~1) (2.T2E-1) (7.44E+2)
00 3.0166E+3  3.7616E+4  4.1456E-1 1.5574E-1 6.0022E-1 2.6501E-1 1.5622E+3
(3.82E+3) (1.29E+4) (5.14E-1) (1.24E-1) (2.85E-1) (1.50E-1) (1.02E+2)
100 33365E3  2.6125E+0  4.4616E 2 5.8692E 3 9.0759E-3 4.8974E-3 9.8900E—4
(9.12E-4) (8.39E-1) (1.40E-2) (9.35E-4) (3.21E-3) (1.43E-3) (5.83E4)
LSMOPS 200 2.8092E-3 3.4620E+0  5.0404E 2 5.5889E 3 4.6059E-3 2.5369E-3 1.3050E-3
(7.38E-4) (1.01E+0) (1.08E-2) (3.55E-4) (1.17E-3) (1.05E-3) (4.73E-4)
00 1.7095E-3  2.8864E+0  3.9691E-2 3.5134E-3 6.5058E-3 1.6342E-3 1.0900E-3
(3.19E-4) (8.48E-1) (4.90E-3) (4.37E-4) (1.63E-2) (1.63E-4) (L91E-4)
100 4.9560E-3 6.2648E+0 1.8781E-1 1.7158E-2 7.2449E2 1.3635E-3 2.0500E—4
(3.35E-3) (2.19E+0) (4.96E-2) (1.20E-2) (1.30E-1) (2.78E-4) (2.00E-5)
LSMOPO 200 1.0266E2  7.5598E+0 1.0911E-1 6.1749E2 2.2793E-2 2.1184E-3 2.1200E—4
(4.75E-3) (2.36E+0) (1.02E-2) (9.10E-3) (6.83E-2) (3.71E-4) (1.90E-5)
00 1.1618E2  7.4252E10  53798E2  22886E2  4.3667E3 1.2620E2 1.7200E—4

(1.04E-3) (2.06E+0) (7.17E-3) (1.22E-3) (1.49E-2) (6.01E-3) (1.90E-5)



http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn
http://www.c-s-a.org.cn

http://www.c-s-a.org.cn

i H AR G N A

%5 FEH# LSMOP i SP 14

Problem Dimension MOEA/D CCGDE3 RVEA MMOPSO LMEA DGEA MSMOEA/D
100 7.3620E-3 4.7049E1 2.8221E 2 6.7153E-3 1.6303E2 3.6876E4  3.2000E-5
(2.88E-3) (2.64E-1) (1.90E-2) (6.12E-4) (1.14E-2) (6.19E-5) (1.80E-5)
LSMOP 200 1.1445E-2 3.6987E-1 2.6056E-2 7.1743E-3 2378362  4.0572E4  3.2000E-5
(1.53E-2) (1.69E-1) (1.10E-2) (5.31E-4) (2.44E-2) (1.18E-4) (3.00E-5)
00 9.0710E-3 2.9043E-1 2.3719E-2 6.2851E-3 1.0847E-1 1.4132E-3 4.9000E-5
(2.48E-3) (9.00E-2) (1.86E-2) (6.02E-4) (3.84E-1) (3.68E-4) (6.70E-5)
100 2.3764E-3 1.0424E2 6.3173E-3 7.1415E-3 1.4264E2 1.0267E-3 4.0800E4
(1.39E-4) (1.69E-3) (1.72E-3) (7.27E-4) (3.47E-3) (2.36E-4) (2.79E-4)
LSMOP2 200 1.6461E-3 1.1856E2 1.7495E 3 7.9120E-3 1.0996E 2  6.8134E4 1.6610E-3
(1.57E-4) (1.00E-3) (2.68E-4) (1.06E-3) (2.07E-3) (6.63E-5) (1.02E-3)
00 1.2453E3 1.0017E2 6.1398E4  8.0124E3 72862E3  3.2672E4 1.4380E3
(7.96E-5) (1.33E-3) (1.68E-4) (7.82E-4) (8.51E-4) (2.65E-5) (6.60E-5)
100 14660E+4  3.7449E+3  9.9515E-7  9.4738E-1 47855E+0  3.2312E-1 2.8036E 2
(2.85E+4) (2.03E+3) (4.88E-7) (9.21E-1) (1.58E+1) (2.85E-1) (1.16E-2)
LSMOP3 200 30182E3  4.4478E+3 1.1413E—6  8.0254E-1 12130E+0  3.7162E-1 2.2977E2
(6.25E-3) (2.29E+3) (4.56E-7) (8.29E-1) (2.49E+0) (1.78E-1) (8.12E-3)
00 7.6587E+3  4.8316E+3 1.6563E-6  6.8022E-1 1.2579E+0  5.6510E-1 9.0258E+2
(3.43E+4) (2.27E+3) (4.48E-7) (6.16E-1) (2.34E+0) (6.92E-1) (2.05E+2)
100 1.6473E-2 1.4629E2  2.5220E-2 7.1197E-3 1.8102E-2 8.6689E4  5.6200E—4
(4.29E-3) (3.20E-3) (6.49E-3) (7.51E-4) (4.87E-3) (1.56E-4) (2.25E-4)
1.2841E2 1.1571E2 8.7935E-3 6.7299E-3 1.3405E-2 S4778E4  3.9000E4
LSMOP4 200
(1.28E-3) (1.51E-3) (1.72E-3) (6.54E-4) (1.91E-3) (1.72E-4) (1.40E-4)
00 8.4101E-3 LI116E2  2.9483E3 6.9557E-3 1.1395E2 2.3744E 4 1.7700E—4
(5.74E-4) (7.70E-4) (4.71E-4) (7.49E-4) (2.04E-3) (2.67E-5) (1.20E-5)
100 5.5188E+0 1.2333E+0 1.6071E-1 7.1077E-3 L.I013E+0 _ 7.0619E 3 6.1550E-3
(1.25E+1) (9.46E-1) (1.44E-1) (4.94E-4) (1.28E+0) (2.01E-3) (2.00E-5)
LSMOPS 200 34088E+0  7.8265E-1 5.3971E2 7.2666E3 1.7173E+0  7.5601E 3 6.1490E-3
(6.92E+0) (3.82E-1) (3.58E-2) (7.00E-4) (1.14E+0) (2.26E-3) (9.00E~6)
00 22955E+0  5.4830E-1 2.4506E 2 6.8390E 3 1.8257E+0  6.8982E 3 6.1550E-3
(6.54E+0) (3.03E-1) (1.23E-2) (7.51E-4) (7.91E-1) (1.33E-3) (1.00E-5)
100 1.6863E+3  3.9010E+3 1.5641E+3  2.9262E2  5.9384E+] 19171E2  4.1932E+0
(1.64E+3) (5.09E+3) (6.99E+3) (5.46E-2) (1.08E+2) (4.10E-2) (1.08E+1)
LSMOP6 200 73307E+4  4.7957E+3  4.5462E+2  2.7968E-2  2.6851E+2 1.9797E-1 1.0000E+3
(5.13E+4) (3.49E+3) (1.91E+3) (2.72E-2) (6.86E+2) (3.53E-1) (0.00E+0)
00 1.8735E+5  5.4084E+3  5.7219E+2  2.3844E-2  7.2806E+3 1.2415E-1 1.0000E+3
(6.81E+4) (2.08E+3) (2.54E+3) (2.89E-2) (8.57E+3) (2.56E-1) (1.00E-6)
100 1.1252E+4  43404E+4  2.0647E+0 1.2131E+2 1.8361E+0  3.6321E-2  7.2349E+2
(2.09E+4) (1.00E+5) (2.87E+0) (5.42E+2) (1.36E+0) (3.50E-2) (4.56E+2)
LSMOPT 200 1.8001E+4  3.0364E+4 1.6169E+0  6.I589E+2  9.3504E-1 2.1829E-1  9.2459E+2
(2.41E+4) (7.10E+4) (3.94E+0) (2.14E+3) (1.11E+0) (2.85E-1) (2.46E+2)
00 1.8509E+4  7.5602E+3  2.2832E-1 6.2575E-2 1.7080E+0  3.9942E 1 8.0191E+2
(2.33E+4) (8.77E+3) (4.63E-1) (7.44E-2) (1.13E+0) (3.65E-1) (4.19E+2)
100 9.9808E 3 43776E-1 6.4822E 2 14750E2  2.5976E 2 2.1189E2  6.2440E-3
(6.95E-4) (2.86E-1) (9.03E-2) (8.64E-3) (9.99E-3) (1.11E-2) (4.80E-5)
1.0211E 2 6.3206E1 43143E2 1.1042E2  2.3499E2 1.0800E-2  6.2780E-3
LSMOPS 200
(1.72E-3) (4.26E-1) (7.76E-2) (5.98E-3) (1.05E-2) (5.74E-3) (4.40E-5)
00 1.1753E2 3.9281E-1 3.0964E-2 7.6569E-3 57746E2  6.3577E-3 1.2186E—2
(5.76E-4) (2.60E-1) (3.11E-2) (1.47E-3) (1.60E-1) (7.62E-4) (1.45E-2)
100 2.4685E-2 8.8835E-1 4957952  7.0039E-3  2.0381E-2 1.1651E2 1.4712E2
(1.01E-2) (6.05E-1) (2.35E-2) (1.05E-3) (1.25E-2) (1.12E-3) (7.50E-5)
LSMOPO 200 2.8853E-2 1.0119E+0  3.5784E2  9.8181E-3 1.9774E-2 1.0992E—2 1.4712E2
(7.23E-3) (7.30E-1) (1.45E-2) (1.29E-3) (8.39E-3) (1.22E-3) (2.10E-5)
00 2.1112E2 7.0207E-1 1.9048E 2  83371IE3  2.4597E 2 1.2694E2 1.4741E2
(1.85E-3) (6.66E-1) (7.10E-3) (9.21E-4) (1.35E-2) (4.78E-3) (1.90E-5)
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200 4EF1 500 4k LSMOPS8 MR 7] &% |, DGEA HiE%E i EFH 8 ML, f£= Hbr LSMOP MR 0 f8E L, %5
AL, B I 27 ANINEK 8, SO S G EE AR EEZ A TR I 2.
# 6 {E=H*rLSMOP L¥] GD &

&P i3 MOEA/D CCGDE3 RVEA MMOPSO LMEA DGEA MSMOEA/D
100 5.4749E-3 6.1240E-1 3.7444E-2 1.2674E-2 2.9850E-2 1.6249E-2 6.5810E-3
(1.21E-3) (1.76E-1) (4.52E-2) (3.07E-3) (4.98E-2) (2.16E-3) (5.16E-4)

6.7891E-3 9.3467E-1 1.8380E-2 1.5278E-2 4.7054E-2 2.5771E-2 9.8270E-3

LSMOPI 200 (8.36E—4) (1.49E-1) (2.46E-3) (1.99E-3) (9.85E-2) (1.91E-3) (8.04E-4)
500 8.2013E-3 1.1686E+0 17779E2  2.1679E-2 6.9201E2 3.2138E2 1.2316E2

(1L21E-3) (1.13E-1) (2.37E-3) (3.92E-3) (1.06E-1) (2.40E-3) (3.17E-4)

100 3.3504E-3 1.6106E—2 8.0211E-3 1.0363E-2 6.3243E 3 5.6522E 3 5.5320E-3

(1.92E-4) (8.99E-4) (4.81E-4) (3.88E-4) (3.54E-3) (1.61E-3) (3.24E-4)

LSMOP2 200 2.7883E-3 8.9212E-3 3.8946E3 7.0129E-3 5.9420E-3 24764E3  4.5060E-3
(1.29E-4) (3.45E-4) (1.17E-4) (3.35E-4) (1.15E-3) (2.07E-4) (2.34E-4)

500 1.7725E-3 3.6070E-3 1.7908E-3 3.2888E-3 2.6348E-3 1.1273E-3  2.4710E-3

(1.11E-4) (1.18E-4) (3.10E-5) (1.51E-4) (5.71E-4) (6.24E-5) (9.20E-5)

100 1.1112E-1 54356E+2  3.0070E+2  5.0055E—2  4.3094E-1 L.I019E+0  8.4824E 2

(5.98E-2) (3.50E+2) (4.41E+2) (243E-2) (7.40E-1) (7.89E-1) (5.29E-2)

LSMOP3 200 97383E2  8.5099E+2  4.7658E+2  2.6412E2  7.8878E+1 5.6659E1 7.1212E2
(4.91E-2) (2.80E+2) (1.98E+2) (6.84E-3) (3.23E+2) (3.80E-1) (3.52E-2)

500 1.3885E-1 1.4522E+3  6.3195E+2 1.1697E-1 1.0631E+2  4.8672E-1 9.3460E2

(3.27E-2) (2.96E+2) (2.09E+2) (6.22E-2) (3.39E+2) (3.12E-1) (1.87E-2)

100 4.0144E-3  7.3157E2 3.4896E-2 1.2253E-2 9.4470E-3 14171E-2  7.0260E-3

(1.72E—4) (6.34E-3) (7.28E-3) (2.08E-3) (9.64E-3) (9.35E-4) (2.29E-4)

LSMOP4 200 4.8818E-3  4.2139E-2 1.4970E—2 1.9034E2 9.4585E 3 1.0623E2  7.4840E-3
(5.21E-4) (1.99E-3) (1.17E-3) (3.66E-3) (7.60E-3) (7.62E-4) (1.86E-3)

500 3.3715E3 1.7391E2 6.2467E-3 1.4052E2 3.6306E-3 4.8318E-3 8.8950E-3

(1.18E-4) (6.47E-4) (1.74E-4) (7.73E-4) (1.78E-3) (1.55E-4) (9.20E-3)

100 1.4115E-1 2.6443E+0  3.4564E-2 1.1439E2 1.9932E+0 1.9714E2  2.2760E-3

(4.58E-1) (4.88E-1) (1.01E-2) (1.59E-2) (1.22E+0) (3.27E-3) (4.58E—4)

LSMOPS 200 35162E2  3.0576EF0  4.9666E—2 1.7146E2  23074E+0  2.0466E 2  2.3690E-3
(7.05E-2) (2.75E-1) (4.80E-2) (2.01E-2) (1.30E+0) (1.71E-3) (3.02E—4)

500 82566E2  3.5001E+0 1.9831E 2  45937E3  2.8391E+0  22149E 2  4.5840E-3

(2.34E-1) (3.15E-1) (6.75E-2) (1.01E-3) (6.54E-1) (2.65E-3) (2.97E-4)

100 3.6377E+2  9.6964E+3 1.5452E+1 8.1444E+1 1.6545E+4 1.2246E+2  9.3212E-2

(1.24E+3) (7.86E+3) (2.09E+1) (2.45E+2) (2.41E+4) (3.86E+2) (8.95E-2)

LSMOP6 200 7.9896E+2 1.0321E+4  2.0800E+1 7.8935E-1 1.9763E+4  4.0039E_1 8.9423E2
(3.05E+3) (6.68E+3) (1.70E+1) (1.94E+0) (1.52E+4) (2.76E-1) (5.89E-2)

500 2.2567E+3 1.5871E+4  2.2154E+3 14299E+0  2.4395E+4 1.8172E+2  1.0345E—1

(5.58E+3) (5.92E+3) (5.05E+3) (3.93E+0) (2.71E+4) (5.73E+2) (7.71E-2)

100 77776E+2  5.6661E+3  4.8262E+2 1.2784E 1 4791661 1.5453E-1 1.0295E-1

(3.47E+3) (2.27E+3) (1.41E+3) (9.38E-2) (1.70E-1) (9.49E-3) (6.89E-2)

LSMOP7 200 2.0203E+0 12230E+4  2.7286E+2 1.2872E-1 6.7264E+2 1.7603E-1 9.0734E2
(4.49E+0) (2.17E+3) (1.00E+3) (5.39E-2) (3.01E+3) (6.69E-3) (4.29E-2)

500 12017E+3  2.1939E+4  42692E+3  7.2338E+1 3.3328E-1 1.7473E-1 7.3398E—2

(3.89E+3) (5.34E+3) (5.26E+3) (3.23E+2) (4.18E-1) (1.00E-2) (1.23E-2)

100 2.2639E-3  9.7400E-1 1.5810E-1 1.0530E-2 7.1768E-1 13971E 2  42170E-3

(5.08E-4) (1.87E-1) (6.50E-1) (9.99E-4) (3.16E+0) (3.23E-3) (1.41E-3)

LSMOPS 200 3.3360E3 1.2346E+0  6.7149E 2 7.3594E 3 4.8419E 2 5.2763E-3 4.5630E-3
(4.66E—4) (2.07E-1) (1.06E-1) (2.19E-4) (1.14E-1) (7.03E-4) (3.50E-4)

500 4.0599E-3 1.6253E+0 1.5392E-2 5.8964E-3 89759E2  3.5690E-3 2.8820E-3

(8.79E-4) (3.02E-1) (2.60E-3) (4.14E-3) (1.37B-1) (2.38E-4) (1.42E-4)

100 31331E2  8.1903E+0  3.8066E-1 1.9325E1 3.2805E-1 4.4544E-1 7.5000E—4

(1.77E-2) (3.34E+0) (7.26E-2) (1.85E-2) (7.75E+0) (3.17E-1) (1.14E—4)

LSMOPO 200 9.7769E 3 77564E+0  2.5153E-1 8.9050E 2 1.6801E 2 2.8251E-1 7.7900E—4
(9.58E-3) (2.24E+0) (6.47E-2) (2.95E-3) (1.15E-2) (1.84E-1) (1.54E-4)

500 5.4415E-3 1.0202E+1 2.0762E-1 3.0390E-2 1.4334E2 1.8229E-1 3.6630E-3

(3.11E-3) (3.18E+0) (1.68E-1) (2.40E-3) (1.33E-2) (1.63E-1) (2.63E-3)
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%7 FE=H# LSMOP i SP 14

Ji 25t i MOEA/D CCGDE3 RVEA MMOPSO LMEA DGEA MSMOEA/D
100 3.1850E-2 3.5228E-1 5.9037E-2 3.5112E-2 3.2514E-1 2.7978E-2 42361E-2
(2.41E-3) (6.71E-2) (4.45E-2) (4.36E-3) (6.25E-1) (2.95E-3) (2.92E-3)
LSMOP! 200 3.2478E-2 4.6754E-1 3.6771E-2 3.7606E-2 3.0260E-1 3.7475E-2 4.3883E-2
(3.19E-3) (4.44E-2) (6.50E-3) (2.98E-3) (5.45E-1) (2.98E-3) (1.25E-3)
500 3.6010E-2 5.8764E-1 3.4145E-2 4.3068E-2 5.8488E-1 4.1213E-2 4.4720E-2
(4.90E-3) (3.35E-2) (6.31E-3) (4.33E-3) (8.55E-1) (2.62E-3) (9.43E-4)
100 3.5476E-2 3.4457E-2 1.1909E-2 3.2881E-2 3.0271E-2 9.0429E-3 3.8353E-2
(7.85E—4) (2.98E-3) (7.75E-4) (1.93E-3) (7.52E-3) (1.41E-3) (5.83E4)
LSMOP2 200 3.2995E-2 3.0513E-2 4.3013E-3 3.1271E-2 2.2563E-2 4.4231E-3 3.5830E-2
(1.06E-3) (2.21E-3) (3.68E—4) (1.54E-3) (2.30E-3) (6.58E—4) (3.00E—4)
500 3.1548E-2 2.9538E-2 1.2712E-3 2.8377E-2 2.0715E-2 2.0629E-3 3.3401E-2
(7.58E-4) (2.53E-3) (8.89E-5) (1.19E-3) (1.91E-3) (4.10E-4) (1.13E-4)
100 7.8893E-2 1.0957E+2 2.4409E+2 5.2754E-2 2.6078E-1 3.9897E+0 7.7444E-2
(2.80E-2) (1.13E+2) (6.56E+2) (4.75E-2) (1.73E-1) (3.36E+0) (3.87E-2)
LSMOP3 200 5.8215E-2 1.1590E+2 1.9465E+2 1.1944E2 8.0068E+2 2.8810E+0 7.8231E-2
(3.04E-2) (6.42E+1) (1.44E+2) (1.34E-2) (3.33E+3) (2.51E+0) (4.15E-2)
500 7.3075E-2 1.9079E+2 1.6812E+2 3.5161E-1 8.6661E+2 2.1737E+0 8.9564E-2
(2.93E-2) (6.29E+1) (4.77E+1) (5.45E-1) (2.81E+3) (1.83E+0) (2.87E-2)
100 3.0085E-2 6.6648E-2 3.6030E-2 3.4078E-2 5.5567E-2 2.6106E-2 3.9222E-2
(3.22E-3) (3.82E-3) (8.13E-3) (2.16E-3) (4.29E-2) (6.09E-3) (5.27E-4)
LSMOP4 500 3.7475E-2 4.8408E-2 1.4305E-2 3.7138E-2 3.8552E-2 1.5958E-2 4.0443E-2
(2.06E-3) (2.44E-3) (2.52E-3) (2.99E-3) (1.06E-2) (6.96E—4) (2.82E-3)
500 3.2464E-2 3.6231E-2 5.5609E-3 3.4359E-2 3.1215E-2 8.2798E-3 3.9264E-2
(9.21E-4) (2.21E-3) (3.42E—4) (1.43E-3) (6.69E-3) (2.40E—4) (8.89E—4)
100 5.3462E-2 1.7246E+0 8.6566E—2 8.2411E-2 2.9459E+0 5.8917E-2 4.5928E-2
(9.85E-2) (3.59E-1) (2.65E-2) (1.91E-1) (1.61E+0) (1.19E-2) (7.60E-3)
LSMOPS 200 5.8860E—2 1.7900E+0 6.3518E-2 8.7392E-2 2.5897E+0 7.3402E-2 4.5540E-2
(8.32E-2) (1.81E-1) (5.18E-2) (9.27E-2) (1.14E+0) (2.88E-2) (5.97E-3)
500 2.4304E-2 2.1275E+0 1.7393E2 2.0105E-2 2.2835E+0 6.4413E-2 3.6209E-2
(2.11E-2) (3.07E-1) (5.72E-2) (1.02E-2) (6.94E-1) (1.40E-2) (6.57E-3)
100 1.8685E+2 3.3054E+4 4.4403E+1 1.3465E+2 4.6636E+4 1.0662E+3 6.4095E-2
(7.84E+2) (4.49E+4) (7.43E+1) (5.36E+2) (6.30E+4) (3.36E+3) (3.56E-2)
LSMOP6 200 3.7172E+2 1.2633E+4 6.5659E+1 3.4522E+0 5.8400E+4 1.4644E+0 6.1937E-2
(1.11E+3) (2.19E+4) (7.94E+1) (7.68E+0) (4.69E+4) (1.16E+0) (4.19E-2)
500 1.6802E+3 9.8686E+3 9.8160E+3 1.0574E+0 3.7140E+4 9.8400E+1 9.1198E-2
(4.21E+3) (2.85E+3) (2.44E+4) (2.41E+0) (4.43E+4) (3.02E+2) (9.63E-2)
100 4.1053E+3 5.3302E+3 6.7193E+2 3.3926E~1 5.6323E-1 6.1298E~1 5.0322E-2
(1.83E+4) (1.68E+3) (2.02E+3) (1.16E+0) (2.62E-1) (1.54E-1) (3.92E-2)
LSMOP7 200 3.1311E-1 9.7391E+3 3.5298E+2 6.1041E-2 7.6976E+1 6.0630E~1 5.3814E-2
(7.56E~1) (2.10E+3) (1.29E+3) (4.58E-2) (3.42E+2) (8.71E-2) (2.16E-2)
500 4.5096E+2 1.5299E+4 4.7005E+3 1.2514E+3 5.4936E~1 2.5503E-1 3.3680E—2
(1.38E+3) (4.80E+3) (5.50E+3) (5.60E+3) (7.97E-1) (2.35E-1) (1.09E-2)
100 3.1874E-2 6.4405E-1 1.6917E-1 3.5934E-2 5.7642E-1 4.4998E-2 42017E-2
(6.17E-3) (1.59E-1) (7.04E-1) (3.80E-3) (2.22E+0) (2.68E-2) (1.84E-2)
LSMOPS 200 3.7792E-2 7.8048E-1 9.2451E-2 3.5667E-2 3.9082E-1 3.3444E-2 5.5830E-2
(6.11E-3) (1.15E-1) (4.89E-2) (2.90E-3) (8.79E-1) (9.03E-4) (1.22E-3)
500 3.9386E-2 9.7433E-1 7.0163E-2 5.4272E-2 1.3554E+0 3.3056E-2 5.2222E-2
(3.45E-3) (1.67E~1) (3.69E-2) (7.63E-2) (2.13E+0) (2.82E-4) (6.67E—4)
100 3.8950E—2 8.1178E~1 1.5857E~1 5.7085E-2 6.6989E~1 1.1297E+0 5.5791E-2
(1.82E-2) (5.40E~1) (4.02E-2) (8.46E-3) (1.77E+0) (1.43E+0) (1.13E-2)
3.3328E-2 4.9922E~1 1.3585E~1 4.8438E-2 5.8093E-2 6.8061E~1 5.7035E-2
LSMOP9 200
(1.38E-2) (2.39E-1) (4.31E-2) (5.24E-3) (3.80E-2) (7.11E-1) (1.10E-2)
500 2.7731E-2 6.2792E~1 1.4952E~1 3.7025E-2 5.5287E-2 4.8692E—1 3.8752E-2
(1.21E-2) (3.03E-1) (7.92E-2) (8.49E-3) (2.79E-2) (5.99E-1) (1.16E-2)
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