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Multi-objective evolutionary algorithm with multiple operators based on
double credit assignment

GENG Huan-tong"*!, XU Ke', DAI Zhong-bin', XU Xiao-han"

(1. School of Computer and Software, Nanjing University of Information Science and Technology, Nanjing 210044,
China; 2. Nanjing Joint Center of Atmospheric Research, Meteorological Bureau of Jiangsu Province, Nanjing 210009,
China.)

Abstract: In order to make the operator selection more efficient in multi-objective evolutionary algorithms (MOEAs)
with multiple operators, this paper proposes a MOEA based on the decomposition with double credit assignment (DCA-
MOEA/D). Firstly, the operator pool in proposed algorithm consists of two existing operators and two variants of
differential evolution (DE) based on the direction-guided search strategy. Individuals use a roulette wheel-like process to
pick up an operator to generate offspring at each generation. Subsequently, the credit value of each operator is determined
by combining two credit assignment methods according to the performance of the offspring, and the selection probability
of each operator is updated by the credits. Meanwhile, an extra archive is defined and the dominated sorting and crowded
distance strategies are used to maintain it. Finally, the whole evolutionary process is divided into 5 steps to achieve the
balance between exploration and exploitation in operator selection. Empirical study validates the effectiveness of the
proposed algorithm through the contrast experiment with four MOEAs in terms of IGD and HV value on 23 benchmark
problems.
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7 BEAL 592 EAG-MOEA/D ¥ 3 T it 5 3 1 3
B 5% 28 1 7 b 3 6 SR IS AH 45 A LA TE SIE Iz Ak
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B EMRNEM = 2, 05648 D = 11; DTLZ
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T 2P EB R L S258IE 4T T PlaEMOPY, &
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A%k R AR EE B (IGD) 1R AR R (HV) 1E 9
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5 2 [ R R X IR AR, T SR S

HV = volume( U [y1,yi] X ... X [Ym,YUp])-
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Horb: SOATE H bR 2 M R BLE R BN A v = (v7,
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HV Fa bRk 2 B 535 (WS S A0 o A ks iy
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ARIESE 56 1~ 14, BT A 2 B FR gk A1
B T3 s B O A R S 4, BSR 2 0
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34 KRR
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F1 SHEIEE3LXNAE L IGD I FEMIREE

Wk 7] 2
DCA-MOEA/D IMMOEA EAG-MOEA/D MOEA/D-FRRMAB MOEA/D-M2M

WFG 1 1.455 0e-1 (3.37e-2) 1.147 1e+0 (6.99¢-2)— 7.477 1e-1 (1.80e-1) —  1.047 3e+0 (6.29¢-2) — 8.912 le-1 (7.86e-2) —
WFG 2 1.279 Oe-2 (3.82¢-4) 2.0859e-2 (1.45¢-3) — 3.457 6e-2 (3.27¢-2) — 2.380 6e-2 (1.30e-3) — 2.444 1e-2 (2.51e-3) —
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WFEG7 1.655 6e-2 (9.78¢e-4) 2.776 2e-2 (1.30e-3) — 1.4854e-1 (3.22¢-2) — 1.508 6e-2 (5.64e-4) + 2.484 5e-2 (1.16e-3) —
WFG 8 1.0502e-1 (4.11e-3) 1.1720e-1 (2.27e-3) — 3.245 4e-1 (3.86e-2) — 1.039 Oe-1 (4.94e-3) ~ 1.194 1e-1 (4.10e-3) —
WFG9 4.5317e-2 (6.21e-2) 2.998 9e-2 (3.04e-3) + 7.2110e-2 (7.67e-2) — 1.5862e-1 (1.01e-1) — 2.873 3e-2 (5.14¢-3) +
UF1 4.967 2e-2 (3.33e-2) 7.808 6e-2 (9.32¢-3) — 1.871 1e-1 (6.06e-2) — 1.338 7e-1 (1.18e-1) — 7.6554e-2 (1.17e-2) —
UF2 4.020 2e-2 (2.30e-2) 4.1414e-2 (1.24e-2) = 9.424 5¢-2 (3.13e-2) — 4.2354e-2 (6.33e-3) — 3.796 0e-2 (3.51e-3) ~
UF3 1.327 4e-1 (7.07e-2) 1.4310e-1 (1.50e-2) — 2.207 3e-1 (4.44e-2) — 1.894 1e-1 (5.11e-2) — 1.688 8e-1 (2.76e-2) —
UF4 4.664 1e-2 (2.72e-3) 8.719 0e-2 (3.40e-3) — 1.622 5e-1 (9.54¢-3) — 8.5519e-2 (9.94¢-3) — 6.693 3e-2 (4.91e-3) —
UF5 5.166 1e-1 (1.50e-1) 1.133 8e+0 (2.09e-1) — 6.0405e-1 (1.41e-1) —  1.2444e+0 (2.74e-1) — 8.5729e-1 (1.67e-1) —
UF6 3.149 1e-1 (1.75e-1) 3.343 3e-1 (6.16e-2) =~ 3.173 0e-1 (1.67e-1) =~ 3.6515e-1 (9.08e-2) ~ 4.472 6e-1 (3.70e-2) —
UF7 4.100 0e-2 (9.69¢-2) 1.418 Oe-1 (1.06e-1) — 2.877 6e-1 (1.45¢e-1) — 3.102 8e-1 (2.57e-1) — 4.790 3e-2 (9.09e-3) —
DTLZ 1 1.4528e-2 (3.19¢-4)  2.8303e+0 (6.71e-1) —  7.4325e-2 (7.67e-3) — 1.704 4e-2 (4.08e-3) — 1.113 1e+0 (9.45¢e-1) —
DTLZ2 3.7537e-2 (7.80e-4) 4.837 8e-2 (1.67e-3) — 1.6659e-1 (1.49¢-2) — 3.8230e-2 (2.79¢-4) — 8.4694e-2 (4.25e-3) —
DTLZ3 3.7054e-2 (8.57e-4)  5.1616e+1 (7.17e+0) —  2.0359e-1 (1.35e-2) —  9.4318e-1(1.63e+0) —  3.4879e+1 (1.28e+1) —
DTLZ 4 3.740 0e-2 (7.55e-4) 4.247 5e-2 (1.12e-3) — 7.7253e-2 (1.17e-1) —  6.008 5¢-2 (5.35¢-2) — 4.893 5¢-2 (1.47e-3) —
DTLZ5 1.883 1e-3 (5.47e-5) 6.625 0e-3 (5.64¢-4) — 4.3356e-2 (1.21e-2) —  4.706 6¢-3 (7.24e-5) — 8.478 1e-3 (7.75e-4) —
DTLZ6 1.826 2¢-3 (7.71e-5)  4.128 5¢+0 (1.06e-1) — 5.3224e-2 (1.27e-2) — 4.798 0e-3 (1.22e-5) — 7.246 4e-3 (4.48e-4) —
DTLZ7 4.270 2e-2 (1.96e-3) 1.684 7e-1 (1.86e-2) — 1.134 Oe-1 (4.52¢-2) — 1.294 0e-1 (6.50e-2) — 2.6062e-1 (4.17e-2) —
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DCA-MOEA/D IMMOEA EAG-MOEA/D MOEA/D-FRRMAB MOEA/D-M2M
WFG 1 6.186 3e-1 (1.72¢-2) 1.706 8e-1 (1.79¢-2) — 3.3350e-1 (6.73e-2) — 2.1758e-1 (1.58e-2) — 2.806 6e-1 (2.65¢-2) —
WFEG?2 6.326 0e-1 (2.43e-4) 6.267 le-1 (8.66e-4) — 6.253 0e-1 (1.22e-2) — 6.2765¢e-1 (8.07e-4) — 6.2534e-1 (2.62e-3) —
WFG 3 5.7950e-1 (3.87e-4)  5.7352e-1 (5.41e-4) — 5.0710e-1 (1.35e-2) — 5.768 le-1 (1.13e-3) — 5.7129e-1 (1.34¢-3) —
WFG4 3.454 6e-1 (3.20e-4) 3.332 1e-1 (1.34e-3) — 3.4551e-1 (1.04e-3) =~ 3.194 4e-1 (4.17¢-3) — 3.3307e-1 (2.38¢-3) —
WEFEGS5 3.1154e-1 (1.31e-3) 3.076 Oe-1 (1.40e-3) — 3.1255e-1 (4.11e-4) + 3.076 5e-1 (1.44e-3) — 3.091 6e-1 (4.59e-4) —
WFG6 3.179 8e-1 (4.22e-2)  3.334 8e-1 (2.62¢-3) =~ 2.267 9e-1 (1.93e-2) — 2.5164e-1 (4.76e-2) — 2.650 1e-1 (5.20e-2) —
WFG 7 3.459 3e-1 (2.08e-4) 3.363 3e-1 (9.86e-4) — 2.9389e-1 (1.13e-2) — 3.442 4e-1 (4.27¢-4) — 3.3934e-1 (6.70e-4) —
WFG 8 2.9119e-1 (2.13e-3) 2.8461e-1(9.21e-4) — 1.6822e-1 (1.69¢-2) — 2.908 6e-1 (2.58e-3) ~ 2.809 5e-1 (2.10e-3)—
WFG9 3.2629e-1 (3.43e-2) 3.3353e-1(1.99¢-3)+ 3.1053e-1 (4.04e-2) — 2.624 6e-1 (5.35e-2) — 3.349 Oe-1 (3.42¢-3)+
UF1 6.546 5e-1 (2.57e-2) 6.050 le-1 (1.89e-2) — 5.1227e-1 (6.17e-2) — 5.252 1e-1 (1.25e-1) — 6.074 8e-1 (1.71e-2) —
UF2 6.809 Se-1 (1.71e-2)  6.791 3e-1 (6.29¢-3) — 6.374 5e-1 (1.63e-2) — 6.6327e-1 (7.92e-3) — 6.7396e-1 (4.57e-3) —
UF3 5.418 6e-1 (9.15e-2)  5.1490e-1 (2.64e-2) — 4.425 1e-1 (4.12e-2) — 4.4899e-1 (7.05e-2) — 5.1129e-1 (3.30e-2) —
UF4 3.837 4e-1 (3.00e-3) 3.241 6e-1 (4.63e-3) — 2.483 0e-1(9.48e-3) — 3.279 3e-1 (1.32e-2) — 3.5213e-1 (5.93e-3) —
UFS5 6.569 de-2 (6.40e-2) 1.503 7e-3 (8.24e-3) — 4.4004e-2 (6.13e-2) = — 3.9819e-3 (1.08e-2)—
UF6 2.251 1e-1 (9.78¢-2) 1.913 0e-1 (3.70e-2) ~ 2.702 5e-1 (7.69e-2) ~ 1.659 4e-1 (7.23¢-2) — 9.363 0e-2 (3.50e-2)—
UF7 5.3727e-1 (6.88e-2) 4.2651e-1 (1.01le-1) — 3.3823e-1 (8.73e-2) — 3.177 6e-1 (1.75e-1) — 5.1294e-1 (1.25¢-2) —
DTLZ 1 8.484 de-1 (1.55¢-3) — 7.504 5e-1 (1.56e-2) — 8.337 7e-1 (9.94¢-3) — 5.0917e-2 (1.03e-1)—
DTLZ2 5.688 1e-1 (1.90e-3) 5.394 2e-1 (3.05e-3) — 4.519 6e-1 (1.47e-2) — 5.649 8e-1 (9.97e-4) — 4.7809e-1 (8.53e-3) —
DTLZ3 5.690 2e-1 (1.78e-3) — 4.046 2e-1 (1.65e-2) — 3.051 6e-1 (2.49¢-1) — —
DTLZ 4 5.6954e-1 (1.51e-3)  5.6010e-1 (1.43e-3) — 5.567 3e-1 (5.64e-2) — 5.620 3e-1 (1.94e-2) — 5.473 3e-1(2.72e-3)—
DTLZ5 2.0159e-1 (2.99¢-5) 1.9702e-1 (4.34e-4) — 1.6762e-1 (7.53e-3) — 1.997 7e-1 (4.55e-5) — 1.953 6e-1 (7.41e-4) —
DTLZ6 2.017 3e-1 (2.30e-5) — 1.6323e-1 (6.73e-3) — 2.001 Oe-1 (5.25e-6) — 1.9724e-1 (4.79e-4) —
DTLZ7 2.836 6e-1 (6.87e-4) 2.2324e-1 (7.09¢-3) — 2.5501e-1 (3.40e-3) — 2.574 5e-1 (5.05¢-3) — 1.816 3e-1 (2.59¢-2) —
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