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Abstract: In order to balance between convergence and distribution in Multi-Objective Evolutionary Algorithms
(MOEASs), a Many-Objective Evolutionary Algorithm based on Angle Penalized Distance (MaOEA-APD) is
proposed. Firstly, considering the importance of convergence and diversity in the different stages of the
evolutionary process, an angle penalized distance is constructed to dynamically balance between them. Then, the
environmental selection based on removing the worse individual is designed to maintain the distribution and
improve the convergence. Finally, the mating selection is designed based on the principle of the environmental
selection. Both are complement and coordinated to each other for improving the evolutionary efficiency of the
algorithm. Compared with three state-of-the-art many-objective evolutionary algorithms (MaOEAs), the
experimental results on WFG test suite show that MaOEA-APD has more advantage than other algorithms in
terms of the overall performance.
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(11) else
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(2) G=0

(3) while G <G,,, do

(4) P’ = Mating-selection (P)

(5) @ = Genetic-operator (P')

(6) U=ruQ

(7) P = Environmental-selection (U)
(8) end while
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) break
) else

) P’ =Normalization (P)
10) Compute d(P')
11) Compute 6(P’)
12) K=|P|-N, k=0
13 while k< K do

14) P=APD-based Elimination (P, d ,0 )
15) end while
16) end if
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i 75 M RVEA KnEA VaEA MaOEA-APD
3 1.7413¢-1 (3.86e-3) — 2.3341e-1 (5.42¢-2) - 1.6264e-1 (1.34e-2)~ 1.4933e-1 (1.18e-2)
5 3.7504e-1 (8.80e-3) =~ 4.1183¢-1 (6.02¢-3) — 4.3545¢-1 (1.95¢-2) - 3.8682c-1 (7.32¢-3)
WFG1 8 1.1549¢40 (7.29¢-2) - 9.8141e-1 (1.13¢-1) - 1.0018e+0 (1.16¢e-1) - 8.7372¢-1 (4.20e-2)
10 1.6231e+0 (8.49¢-2) - 1.1455e40 (3.12e-2) + 1.2763e+0 (5.91e-2) - 1.2388e+0 (4.73¢-2)
15 3.1637¢+0 (3.93¢-1) - 2.7300e+0 (1.07e-1) + 2.7445¢+0 (1.08e-1)~ 2.7759¢+0 (3.86¢-1)
3 2.1584e-1 (1.52¢-2) - 2.4677e-1 (2.04e-2) - 2.5969¢-1 (2.09¢-2) - 1.9388e-1 (9.32¢-3)
5 8.0769¢-1 (5‘59e—2) - 4.7590e-1 (2.80e-2) + 7.8065¢-1 (7.28¢-2)~ 7.7740e-1 (2.78¢-2)
WFG2 8 1.9366e+0 (1.91e-1) 1.1487e+0 (4.40e-2) + 2.1112¢+0 (1.98¢-1) - 1.9528e+0 (5.67¢-1)
10 6.0251e+0 (7.57e-1) 1.4486e+0 (1.44e-1) + 2.4523e+0 (1.37e-1) + 2.8051e+0 (7.96¢-1)
15 9.4410e+0 (2.01e+0) — 6.4208e+0 (1.19¢+0) + 2.1767e+0 (2.53e-1) + 8.6271e+0 (1.48¢+0)
3 2.3209¢-1 (1.26¢-2) ~ 1.1743e-1 (4.52e-3)~ 1.4120e-1 (1.46e-2) - 1.1345¢-1 (1.08e-2)
5 4.7176e-1 (3.44e-2) =~ 5.5148¢-1 (9.49¢-2) ~ 5.2604e1 (3.366-2) ~ 4.5798¢-1 (4.94e-2)
WFG3 8 2.5857e+0 (8.23e-1) - 1.6581e+0 (5.24e-1) - 1.3887e+0 (1.72e-1) - 1.0459e+0 (2.77e-1)
10 3.3495¢+0 (6.70e-1) — 2.3271e+0 (7.52¢-1) - 1.8758e+0 (2.70e-1)~ 1.6619e+0 (4.88e-1)
15 9.3127¢+0 (3.18¢+0) - 5.5335¢+0 (7.38¢-1) — 3.5660e+0 (4.47¢-1) — 2.9039e+0 (3.77e-1)
3 2.4269¢-1 (3.49¢-3) - 2.7662e-1 (1.64¢-2) ~ 2.3220¢e-1 (4.37¢-3) - 2.2226e-1 (2.84e-4)
5 9.6161e-1 (1.51e-3) + 1.0174e+0 (5.18¢-3) ~ 9.4592e-1 (7.54e-3) + 9.6682¢1 (1.33¢-3)
WFG4 8 3.0292¢+0 (2.58¢-2)~ 3.3551e+0 (5.14e-3) - 3.0051e+0 (1.10e-2)~ 3.0524e+0 (1.92¢-1)
10 4.0758e+0 (3.35e-2) + 4.0818¢+0 (2.20e-2) + 3.8593e+0 (2.94e-2) + 4.2877e+0 (8.99¢-3)
15 8.5907e+0 (1.72¢-1) — 8.1316e+0 (1.99¢-1) + 8.0945¢+0 (1.42e-1) + 8.3041e+0 (6.09¢-2)
3 2.3726¢-1 (2.22¢-3) ~ 2.9382¢-1 (1.13¢-2) ~ 2.4070e-1 (3.64¢-3) ~ 2.3133e-1 (5.81e-4)
5 9.5435¢-1 (1.61e-3)~ 1.0157e+0 (1.55¢-2) - 9.4666e-1 (6.47e-3) + 9.5602¢-1 (1.60e-3)
WFG5 8 3.0248e+0 (5.35e-2) - 3.3605e+0 (2.87e-2) - 3.0376e+0 (2.26e-2) 2.9404e+0 (5.11e-3)
10 4.0635¢+0 (2.20e-2) + 4.1362¢+0 (3.42e-2) + 3.8567e+0 (1.66e-2) + 4.2481e+0 (1.01e-2)
15 8.7691e+0 (2.07e-1) — 8.0423¢+0 (1.10e-1) + 7.8060e+0 (1.13e-1) + 8.3273e+0 (1.24¢-2)
3 2.7317e-1 (1.98¢-2) ~ 3.0972¢-1 (7.30e-3) ~ 2.6617e-1 (1.25¢-2) ~ 2.4072¢-1 (6.17¢-3)
5 9.6269¢-1 (3.21e-3) + 1.0506e+0 (1.48¢-2) — 9.7410e-1 (3.33e-3)~ 9.6898c-1 (4.07¢-3)
WFG6 8 3.1499e+0 (5.16e-2) - 3.4803e-+0 (7.99e-2) - 3.1280e+0 (2.83¢-2) - 2.9632e+0 (9.30e-3)
10 3.9849¢+0 (3.12¢-2) + 4.2298¢+0 (5.48¢-2) + 3.8847e+0 (2.79¢-2) + 4.3388¢+0 (1.02e-2)
15 9.8829e+0 (4.87e-1) - 8.7322¢+0 (5.7le-1) 7.4775e+0 (1.02e-1) + 8.8449¢+0 (9.05¢-1)
3 2.4099¢-1 (2.95¢-3) - 2.6213¢-1 (8.48¢-3) - 2.3561e-1 (3.44e-3) - 2.2386e-1 (1.47¢-3)
5 9.6508¢-1 (1.40e-3)~ 1.0186e+0 (1.50e-2) - 9.6156e-1 (8.98e-3)~ 9.6540¢-1 (1.28¢-3)
WFG7 8 3.1009¢+0 (2.16e-2) — 3.3528¢+0 (3.48¢-2) — 3.0921e40 (4.30e-2) - 2.9746e+0 (1.23e-2)
10 4.0605¢+0 (4.42¢-2) + 3.8552¢4+0 (4.41e-2) + 3.8253e+0 (2.53e-2) + 4.2975¢+0 (1.55¢-2)
15 8.5276e+0 (1.32¢-1)~ 7.9086e+0 (1.09e-1) + 7.8581e+0 (7.50e-2) + 8.3503¢+0 (1.39¢-1)
3 3.2091e-1 (9.61e-3) ~ 3.5319¢-1 (1.28¢-2) ~ 3.0894e-1 (4.56e-3)~ 3.0052¢-1 (8.23¢-3)
5 9.9632e-1 (2.29¢-3) + 1.0869e+0 (1.21e-2) - 1.0744e+0 (9.05e-3) — 9.9753e~1 (5.85e-3)
WFG8 8 3.1886e+0 (5.35¢-2) + 3.5027e+0 (7.77e-2)~ 3.2652¢+0 (1.69¢-2) + 3.3593e+0 (2.58¢1)
10 4.0513e+0 (7.75e-2) + 4.3782¢+0 (5.96e-2)+ 4.3337¢+0(6.33¢-2) + 4.4427e+0 (5.12¢-1)
15 9.7281e+0 (5.17e-1) - 9.3248¢+0(5.52e-1) — 8.6147e+0(1.0le-1)~ 8.4254e+0 (6.59¢-1)
3 2.3529¢-1 (6.28¢-3) - 2.4558¢~1(5.75¢-3) ~ 2.3097¢~1(4.37e-3) — 2.2630e-1 (1.57¢-3)
5 9.4235¢-1 (1.29¢-3) - 9.5637¢~1(6.17e-3) - 9.3657c~1(2.09¢-3)~ 9.3345¢-1 (3.36e-3)
WFG9 8 3.0037e+0 (2.08e-2) - 3.2356e+0(1.87e~2) — 3.0158e+0 (2.80e~2) - 2.9412e+0 (1.68e-2)
10 4.1088¢+0 (1.03e-1) + 3.9813e+0(6.47e-2) + 4.0665¢+0 (4.52¢-2) + 4.2209e+0 (5.28¢-2)
15 8.8422¢+0 (3.44e-1) - 8.1630e+0(1.29¢-1) + 8.1723¢+0 (1.19¢-1) + 8.6882¢+0 (4.31e-1)
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