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Abstract: Relaxed dominance relation based evolutionary algorithms for many-objective optimization ( MaOEAs ) are
widely concerned because they effectively improve the ability to identify solutions, however, the most of these algorithms
show poor versatility in solving different objectives of optimization problems. To address this issue, this paper proposes an a-
daptive dominance criterion based evolutionary algorithm for many-objective optimization( ADCEA ). Firstly, the ADC de-
signs an adaptive niche method based on the angle information and the number of objectives between adjacent solutions in
the objective space,and combines the convergence indicator information to achieve non-dominated sorting of candidate solu-
tions. Then,in order to further enhance the diversity of the population, the reference vector population technique is introduced
in the environment selection. Finally, a reasonable fitness function is constructed, and the non-dominated solution set with
better convergence and diversity is selected according to the fitness value. The experimental results demonstrate that the pro-
posed method improves the versatility in solving different objectives of optimization problems, and achieves significant
effects in balancing convergence and diversity.
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10| 2.4452e-2(5.60e-2) — | 0.0000e +0(0.00e +0) — | 4.2419e-1(7. 44e-2) — 6. 18%4e-1(8. 19¢-2) — 9.7010e-1(8. 65e4)
15 | 0.0000e +0(0.00e +0) — | 0.0000e +0(0.00e +0) — | 2.7073e-1(4. 18¢-2) — 5.5609¢-1(1. 16¢-1) — 9.5428¢-1(1. 80e-1)
3| 4.9766e-1(1.50e-1) = 5.4545e-1(2. 62e-3) — 5.3252e-1(1.00e-1) — 3.3389e-1(1. 8de-1) — 5.5992¢-1 (4. 67e4)
5| 7.4998e-1(2.11e2) — 7.7737e-1(1. T7e2) = 7.7288¢-1(3.89¢-2) + 5.6751e-1(1.82e-1) - 8. 0894e-1(7. 87e4)
DTLZ4 | 8 | 9.0585e-1(2.25¢3) - 9.0215¢-1(5.83e3) - 9.2355¢-1(1. 13e2) + 8.5067¢-1(6. 14e2) — 9.2508¢-1(6. 71e-3)
10| 9.7122e-2(2.96e-1) — 9. 4487e-1(1.28e2) = 8.7677e-1(3.96e-2) — 9.2569¢-1(2. 74e2) — 9.7228¢-1(5. 24e4)
15| 9.8181e-2(3.00e-1) — 9.8062¢-1(3.21e-3) + 4.8347¢-1(6.10e-2) — 9.6333¢-1(3.96¢-3) + 9. 8625¢-1(1. 28¢-3)
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5 F1S HpRIELse v LR AL T e Sk, mE AR
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M) b, KnEA F1 ADCEA (1% {45 1 1 RE 9 A
FHER % WFG3 1 PF 2N HIB /LAY, RPEA 7E4
B PF B AR A DR 33 M i A S 5 R A% 6
IR BT AR (8] B AR TR PR LR DR SR AL 28
] AR BT A7 E AN [R) Y IRIME. AR WG4 ELA M1 R AN
LRSI PF,{HZ KnEA Hil ADCEA 75 2 B2 0 X 7] A
IO T Bk s R fEAL BN WFGS , B AR
A G | AR MR AE , fH KnEA R ADCEA 7£1Z:{
AL ) HV (B2 ol 5 L 300k s WG HA A R]
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Al E R B —E R 5E 4 7.

13 2 3 A i AR SCHR HE i) ADCEA FEA FAS TR H
pri) DTLZ1-DTLZA R i, 1 A8 2 2 HLAE AL PLAS
[ F AR DA I AU 2 3 P A v 5 MR AR 3 0T i, B AR
KnEA 1 ADCEA fEALER WFG1-WFG9 32 32 4] b & By
—E TS, PEREBAF , (BN B AP RESR & , ADCEA
AR RE SR O 2 . PR, 255 LA B2 HT, Ak i AD-
CEA 7E4bPE MaOPs [ PERE .3, 8t HV {H1M 5 , ADCEA
AL BEAT 0 - A A S IE A 4R i SIOvE A 2 R, HL
FEANTR] F AR 1S5 451 v 475 9% BE A8 R 15 03k A PR RE L 3

%3 GrEA . KnEA MOMBI-II.RPEA A% ADCEA £ WFG1-WFG9 L3518 HV S — & R ( WEMREE)

| M GrEA KnEA MOMBI-TI RPEA ADCEA
3 | 9.2550¢-1(4.09e3) + | 9.2926e-1(3.47e-3) + | 9.2325¢-1(1.09¢3) + | 8.5124e-1(1.55¢2) — 9.0192¢-1(1.46e-2)
5 | 9.7368e-1(3.85e-3) — | 9.9171e-1(1.40e3) - | 9.6292e-1(6.29e-2) = | 9.8448e-1(2.34e3) — 9. 9436e-1 (2. 48¢-3)

WFGI | 8 | 9.8135e-1(5.31e-3) = | 9.9572e-1(1.13e3) + | 9.9431e-1(2.64e2) + | 9.9534e-1(1.52e3) + 9.6228¢-1(3.93e-2)
10 | 9.9062e-1(2.53¢-3) — | 9.9733e-1(9.56e4) = | 9.0487e-1(1.57e-1) = | 9.9829¢-1(4.70e4) + 9.9610¢-1 (4. 20e-3)
15| 9.9101e-1(2.91e-3) + | 8.8693e-1(1.65e-1) — | 7.5910e-1(2.69e-1) — | 9.9686e-1(9.03e4) = 9.6611e-1(5.23e-2)
3| 9.279%4e-1(2.26e3) + | 9.2428¢-1(3.27e-3) — | 9.1910e-1(1.10e2) = | 8.8136e-1(1.49¢2) — 9.3006e-1(2. 42¢-3)
5 | 9.7264e-1(4.69¢3) — | 9.9374e-1(5.68e4) + | 9.9319e-1(1.19¢2) + | 9.5278e-1(9.19e3) — 9.8921e-1(2. 56¢-3)

WFG2 | 8 | 9.8344e-1(2.99e3) - | 9.8722-1(3.22e-3) — | 9.9096e-1(8.47e3) + | 9.7797e-1(7.36e-3) — 9.9331e-1(1. 11e-3)
10 | 9.8883¢-1(4.81e-3) = | 9.9498¢-1(8.28e<4) + | 9.2244e-1(1.17e-1) = | 9.8301e-1(7.48e3) — 9.8976e-1(2. 43¢-3)
15| 9.6846e-1(1.11e2) — | 9.9027e-1(1.13e-2) + | 6.5252e-1(3.20e-1) — | 9.8733e-1(5.04e3) = 9.8650¢-1(3. 44e-3)

3 | 3.9575e-1(1.71e-3) + 3.8441e-1(4.57e3) + 4.0411e-1(3.63e4) + 4.1265e-1(1. 09e-3) + 3.2101e-1(1.53e-2)

5 | 2.0557e-1(5.92¢-3) + 7.9370e-2(2. 74e-2) — 9.2232e-2(4.54e3) - 2.7969¢-1(1. 34e-3) +

1.0713e-1(3.34e-2)

WFG3 | 8 | 7.8079e-2(2.81e2) + [0.0000e +0(0.00e +0) =| 1.1026e-1(1.20e-2) + 1. 8904e-1(7. 62e-3) + 0. 0000e +0(0. 00e +0)

10 | 6.5588e2(1.79¢-2) + |0.0000e +0(0.00e +0) =| 7.4943e-2(1.95e2) + | 1.4926e —1(1.04e-2) + | 0.0000e +0(0.00e +0)

15 0. 0000e +0(0. 00e +0) = |0. 0000e +0(0. 00e +0) = |0.0000e +0(0.00e +0) = | 4.3814e-3(9.77¢-3) + 0. 0000e +0(0. 00e +0)

3 | 5.5982e-1(4.97e4) + | 5.4326e-1(2.98¢-3) — | 5.5937e-1(5.73e3) + | 5.3442e-1(8.86e3) — 5.5895¢-1(7. 61e4)
5 | 7.5520e-1(3.57e3) — | 7.8943¢-1(2.34e-3) — | 7.9084e-1(6.59¢3) — | 7.2653¢-1(7.23e3) — 7.9997¢-1(1. 52¢-3)
WFG4 | 8 | 8.6302e-1(4.55e3) — | 8.9838e-1(4.69e-3) — | 8.9332e-1(4.76e-2) — | 8.2418e-1(1.38e-2) — 9, 0864e-1 (3. 12¢-3)
10 | 6.6848¢-1(2.85¢-2) — | 9.6166¢-1(8.80e<d) + | 7.4657e-1(2.36e-1) = | 9.0787e-1(7.75e3) — 9.2219¢-1(7. 42¢-3)
15| 4.2976e-1(2.38¢-2) — | 9.8336e-1(1.45¢-3) + | 4.4029¢-1(1.57e-1) — | 8.8880e-1(1.42e2) = 8.9117e-1(2. 53e-2)
3 | 5.2455e-1(1.30e4) + | 5.0620e-1(2.54e3) — | 5.0494e-1(3.04e-3) — | 4.9786e-1(5.78e3) — 5.2008¢-1(4. 30e4)
5| 6.9769e-1(3.43e3) — | 7.4391e-1(3.67e-3) = | 7.1778e-1(1.21e2) - | 6.6673e-1(7.27e3) — 7.5711e-1(1. 19¢-3)
WFG5 | 8 | 8.2484e-1(3.52e-3) — | 8.3879¢-1(7.44e3) — | 7.6564e-1(1.89e2) — | 7.6127e-1(9.26e-3) - 8.5272¢-1(3.59¢-3)
10 | 6.3758¢-1(2.19¢2) — | 8.9779¢-1(6.61ed) + | 6.2241e-1(2.78e-1) — | 8.1850¢-1(8.97e3) — 8.8376e-1(4. 49¢-3)

15 | 3.8226e-1(2.57e2) - 9.1205e-1(8. 65¢4) + 1. 8316e-1(6.26e2) - 7.8507e-1(1.51e2) = 7. 8664e-1(2.40e-2)
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3 | 5.1078e-1(1.12e-2) = | 4.9005e-1(1.37e2) - | 5.0707e-1(1.31e2) = | 4.7699e-1(2.07e2) — 5.082le-1(1. 54e-2)
5 | 6.7656e-1(1.45¢2) — | 7.198le-1(1.32e2) = | 7.2374e-1(2.26e2) - | 6.4960e-1(1.89e2) — 7.4269¢-1(1. 43e2)
WFG6 | 8 | 8.0562e-1(1.56e-2) — | 7.9814e-1(2.04e2) — | 8.2845e-1(3.84e2) = | 7.8052e-1(2.79¢-2) - 8.3779¢-1(1.87e-2)
10 | 5.8683¢-1(4.07¢2) — | 8.7222e-1(1.57e-2) = | 7.2291e-1(1.84e-1) — | 8.5055¢-1(2.21e2) — 8.7331e-1(2. 15¢-2)
15| 4.1731e-1(3.47e2) — | 8.7232e-1(2.54e2) = | 4.2862e-1(1.6le-1) — | 8.0740e-1(3.22¢2) — 8. 8679¢-1 (2. 93e-2)
3 | 5.6012e-1(4.50e4) + | 5.4708¢-1(2.73e-3) — | 5.6238e-1(8.24e<d) + | 5.2584e-1(1.62e2) — 5.5770e-1(1.00e-3)
5 | 7.4784e-1(3.13e3) — | 7.9624e-1(2.03¢-3) — | 7.8882e-1(9.74e3) — | 7.1615e-1(1.30e2) — 8.0979¢-1(7. 27e4)
WFG7 | 8 | 8.8815e-1(3.14e3) — | 8.9197e-1(7.06e-3) — | 9.2061e-1(6.67e-3) + | 8.5928e-1(9.81e-3) — 9.1665¢-1(3. 19¢-3)
10 | 6.5970e-1(3.15e-2) = | 9.5630e-1(6.10e-3) = | 8.1454e-1(2.02e-1) = | 9.2383e-1(7.57e3) — 9. 5858¢-1(3. 60e-3 )
15| 4.3273e-1(1.88¢-2) — | 9.8494e-1(1.83e-3) = | 4.5584e-1(1.4le-1) — | 9.0407¢-1(1.57e2) — 9.8510¢-1(2. 24e-3)
3 | 4.8603e-1(1.56€-3) + | 4.5215e-1(4.19e3) — | 4.5686e-1(2.53e-3) — | 4.4532e-1(4.77e3) - 4.6034e-1(4. 29¢-3)
5 | 6.3961e-1(4.55¢3) — | 6.6247e-1(2.92e-3) — | 3.2005e-1(2.79¢-2) - | 5.7198e-1(1.56e2) — 6.9108¢-1(2. 08e-3)
WFG8 | 8 | 7.5066e-1(3.37e-2) — | 7.5589e-1(1.77e2) — | 5.9678¢-1(1.65¢2) — | 6.6728e-1(1.26e-2) — 7.9331e-1(1. 66e-2)
10 | 5.3904e-1(2.35e-2) — | 8.3138e-1(5.67e2) - | 5.3277e-1(1.5le-1) — | 7.4743e-1(3.78e2) — 8.8291e-1(2. 36e-2)
15 | 3.8728e —1(2.10e2) — | 7.9857e-1(1.08e-1) — | 3.1795e-1(6.80e2) — | 6.8912¢-1(3.29¢-2) — 9,1533¢-1(1. 08e-2)
3 | 5.4821e-1(1.73e3) + | 5.2376e-1(3.18e-2) — | 5.1483e-1(4.65e3) — | 5.0863e-1(3.55¢2) — 5.3172e-1(2. 26e-2)
5| 7.3431e-1(4.42e3) — | 7.6313e-1(3.71e-3) — | 5.0300e-1(7.10e2) - | 6.7083¢-1(1.12e2) — 7. 6818¢-1(3.53e-3)
WFGO | 8 | 8.0577e-1(2.73e2) = | 8.5382e-1(4.31e-2) + | 7.2928¢-1(2.92¢-2) — | 7.5731e-1(2.90e2) — 8. 0494¢-1(6. 63¢-2)
10 | 5.5703¢-1(4.25¢2) — | 8.6058¢-1(3.24¢2) — | 5.9162¢-1(2.77e-1) = | 8.1710e-1(2. 94e-2) — 9.1980e-1(2. 65¢-3 )
15| 3.5720e-1(3.85¢2) — | 8.9413e-1(7.00e-2) + | 1.6856e-1(8.69e2) — | 7.4398¢-1(5.03e2) — 8. 0462¢-1(9. T3e-2)
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