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Abstract: In recent year, the Many-objective Optimization Problems (MaOPs) have become an increasingly hot
research area in evolutionary computation. However, it is still a difficult problem to achieve a good balance
between convergence and diversity on solving various kinds of MaOPs. To alleviate this issue mentioned above,
a Decomposition and dominance relation based many-objective Evolutionary Algorithm(DdrEA) is proposed in
this paper. Firstly, the population is decomposed into numbers of sub-populations by using a set of uniform
weight vectors, in which they are optimized in a cooperative manner. Then, the fitness value of solution in each
sub-population is calculated by angle dominance relation and angle. Finally, elite selection strategy is performed
according to its corresponding fitness value. That is, in each subspace, the solution with the smallest fitness
value is selected as the elite solution to enter the next generation. Comparing with several high-dimensional and
multi-objective evolutionary algorithms (NSGA-II/AD, RVEA, MOMBI-II), the experimental results show that
the performance of the proposed algorithm DdrEA is better than that of the comparison algorithm, and the

convergence and diversity of the population can be effectively balanced.
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1) V' = Uniform Reference Vector(N);
2) P = RandomInitialize(N)
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while £ 1E 5K 2 do
Pool = Bianry Tournament(P)
O = Variation(Pool);
P = Environmental Selection(P U O, V, N)

end while
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)
2 fi () = (EQ?NWGR
3) JXRORES i/
4) for i = 1 to|P| do
5) for 7 =1toN do
)
)
)
)

fi (p) - Ui .
Ifs (o)l

6 0;,; = arccos
7

8

end for
end for
9) for i = 1 to|P| do
10
11
12
13) /K ek s/
14) JESCHCHRE SRAG AR I AD A2
15) for ¢ = 1 toN do

r=argminb; ;,j € {1,2,,N};
Py =P U{l};

end for

17 fit;,; = FF + 05,5
18
19
20

end for
end for
or 2 = 1toN do
21 r = argmin fit; ;

22
23

Q=QuU{lL}

end for
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I ] M DdrEA NSGA-II/AD RVEA MOMBI-II
5 9.7500e-1 (3.88¢-3) 9.7759-1 (1.72¢-3) + 9.9722e-1 (5.54e-4) + 9.4668e-1 (5.46e-2) =
WFG1 10 9.9821e-1 (4.94e-4) 9.9849e-1 (1.57e-4) + 9.9768e-1 (5.30e-4) 9.9990e-1 (6.65e-5) +
15 9.9960e-1 (2.23e-4) 9.9977e-1 (5.94e-5) + 9.9546e-1 (1.65e-2) — 9.9900e-1 (9.15e-4) —
5 9.5980e-1 (4.39¢-3) 9.8390¢-1 (6.84c-4) + 9.9385¢-1 (1.19¢-3) + 9.9432¢-1 (2.64e-3) +
WFG2 10 9.9548e-1 (1.94e-3) 9.9819e-1 (3.42e-4) + 9.8944e-1 (2.64e-3) — 9.9459¢-1 (4.80e-3) =
15 9.9516e-1 (3.28e-3) 9.9854e-1 (4.21e-4) + 9.7143e-1 (6.37¢-3) 9.4784e-1 (4.42¢-2)
5 2.1343e-1 (1.95e- 2) 2.4953e-1 (4.42e-3) + 1.5392e-1 (2.34e-2) — 9.1612¢-2 (1.14e-3) —
WFG3 10 9.2805e-2 (1.72e-2) 7.7407e-2 (1.47¢-2) 0.0000e+0 (0.00e+0) 8.8033¢-2 (1.38¢-2) =
15 8.3502e-4 (3.18e-3) 5.6841e-4 (2.97e-3) = 0.0000e+0 (0.00e+0) 0.0000e+0 (0.00e+0)
5 7.9321e-1 (6.31e-4) 6.4860e-1 (1.20e-3) 7.9120e-1 (6.98¢-4) 7.9039%¢-1 (7.50e-3) =
WFG4 10 9.6871e-1 (4.54e-4) 8.3306e-1 (1.02e-3) — 9.5997e-1 (2.21e-3) — 9.2583e-1 (5.33e-2) —
15 9.8842¢-1 (4.27e-3) 9.0197e-1 (2.24e-3) 9.7572e-1 (3.32¢-3) 6.5742¢-1 (6.09¢-2)
5 7.4375e-1 (4.53¢-4) 5.9898e-1 (9.69e-4) — 7.4385e-1 (3.78e-4) = 7.1661e-1 (1.18e-2) —
WFG5 10 9.0472e-1 (2.50e-4) 7.6876e-1 (7.00e-4) 9.0333e-1 (3.03e-4) 8.2511e-1 (1.49e-2)
15 9.1756e-1 (2.50e-4) 8.2982¢-1 (1.15e-3) — 9.1591e-1 (2.52e-4) — 3.0980e-1 (1.03e-1) —
5 7.2159e-1 (1.32e-2) 5.8627e-1 (1.86e-2) 7.2535e-1 (1.44e-2) = 7.2502¢-1 (2.91e-2) =
WFG6 10 8.8790e-1 (1.79e-2) 7.4225e-1 (2.01e-2) — 8.7718e-1 (1.67e-2) — 8.6054e-1 (5.34e-2) —
15 8.9955e-1 (2.46e-2) 7.9363e-1 (2.38¢-2) 7.2363e-1 (8.04e-2) 6.2650e-1 (5.72¢-2)
5 7.9404e-1 (5.38e-4) 6.4353e-1 (1.20e-3) — 7.8991e-1 (5.70e-4) — 7.8952¢-1 (8.36e-3) —
WFG7 10 9.6965e-1 (2.60e-4) 8.2831e-1 (4.30e-3) 9.5835¢-1 (1.80e-3) 9.6818¢-1 (3.92¢-3) =
15 9.9072e-1 (9.04e-4) 8.9903e-1 (1.10e-3) — 9.8234e-1 (5.24e-3) — 7.5033e-1 (8.01e-2) —
5 6.8107e-1 (1.14e-3) 4.6230¢e-1 (5.93¢-3) 6.7438¢-1 (2.36e-3) 3.1772¢-1 (6.41e-3)
WFG8 10 8.7577e-1 (6.90e-3) 6.0416e-1 (6.06e-2) — 8.3098e-1 (8.86e-2) = 6.4422e-1 (1.85e-2) —
15 8.9925e-1 (1.56e-3) 7.6855e-1 (6.04e-2) 7.7368e-1 (1.23e-1) 5.1932e-1 (7.33¢-2)
5 7.4084e-1 (4.55e-2) 6.3546e-1 (3.05e-3) — 7.5200e-1 (5.64e-3) = 5.5025e-1 (5.88¢-2) —
WFG9 10 9.0376e-1 (4.59e-2) 8.1230e-1 (7.64e-3) 8.8746e-1 (3.28¢-2) 8.0514e-1 (1.40e-2)
15 9.1408e-1 (3.94e-2) 8.4483e-1 (3.67e-2) — 8.3486e-1 (5.14e-2) — 2.6009e-1 (3.09e-2) —
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FEtE . DArEAMEE 5 a7 fi3AN 8 2 Hpridt ik
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LA il .
3.3 XHLEAADTLZ FRYSLIG S

LI BT X ERAEDTLZIN AL F3RASHY
PG AR 2, I HF BB R 58 AN )
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fERE— Hbr L mir iR, Hf, 7

53 M ZR R HE SR IRTF I 45 AR T DArEA B 47
BZERAHML . MSZIRZE R AT LLE H, DArEATE
21N SE ) R AR T8N I A R, 2 I
SEBLEE38% . ML RAMES H, DArEAH
BT HE3MNEZ Hir L EATE R D TLZM A
LR BAEIFRITERE, JUHAEDTLZ2, DTLZAAM
DTLZ7 ., DArEAFTEILHIHERE I AR
DTLZ1EA &M RICaTH, 1EIXAN A
FRVEASRE TR iFmtfe. mDTLZ2-DTLZ4 A
B BT, DArEATEIX 3NN ) 5 3k
37 BhF I rERE, IXAUER] T DArEA B A B AF kb
AL A AT AT AL /1. DTLZ5-DTLZ6 2 A b
TFRIME 2AERTE, DArEAZE AL Fx 2R AL i i 2
FERTHI M RE E LLRVEA LS, MINSGA-II/ADYE
XA A R R R R, SRR T DArEA.

10 15 5 10
E b4 HbrA~ %
(a) DArEA (b) NSGA-II-AD

H b8 H s~

(c) RVEA

& 2 5L HARWEFGLIR B3R K 45

2 4 6 8 10 2 4 6 8 10 2 4 6 8 10
Hbr A4 Hbr A4 H bR Hbr A4
(a) DArEA (b) NSGA-II-AD (¢) RVEA (d) MOMBI-II
3 BEETE10 HARWF GO B L3453 )45 5
% 4 SEAEEDTLZARE EMIIEITSORMHVIENIREE
T 1] M DdrEA NSGA-II/AD RVEA MOMBI-IT
5 8.4928¢-1 (4.56e-2) 9.0703¢-1 (4.42¢-3) + 9.7490e-1 (1.72¢-4) + 9.7461e-1 (2.59-4) +
DTLZ1 10 9.8958e-1 (5.26¢-3) 9.8084e-1 (1.48¢-3) 9.9968e-1 (1.73e-5) + 9.6198e-1 (3.15-2) —
15 9.1625¢-1 (6.21e-2) 9.9583¢-1 (3.87c-4) + 9.9990e-1 (4.62¢-5) + 9.0337¢-1 (3.90¢-2) —
5 7.9489¢-1 (2.85e-4) 7.1691e-1 (5.66e-3) 7.9479¢-1 (3.56e-4) = 7.9449¢-1 (5.39e-4) —
DTLZ2 10 9.7092e-1 (2.45¢-4) 9.0347e-1 (4.42¢-3) — 9.6974e-1 (1.49e-4) — 9.7085¢-1 (2.13e-4) =
15 9.9160e-1 (1.05¢-4) 9.5411e-1 (3.00e-3) 9.9109e-1 (2.99e-4) — 8.8008e-1 (6.31e-2) —
5 6.2295¢-1 (4.78¢-2) 7.1455¢-1 (7.51e-3) = 7.9246¢-1 (2.06e-3) + 7.9042¢-1 (2.58¢-3) +
DTLZ3 10 8.8458e-1 (2.77¢-2) 8.9986e-1 (5.59¢-3) = 9.6952e-1 (3.56e-4) + 8.2910e-1 (9.36¢-2) —
15 7.0985e-1 (5.92¢-2) 9.4928¢-1 (5.01e-3) + 9.9072e-1 (2.96e-4) + 5.5538e-1 (5.08¢-2) —




1980 BoF 5 B B % W § A2 %
k4
PR ] 5 M DdrEA NSGA-II/AD RVEA MOMBLII
5 7.9479-1 (4.40¢-4) 7.2830e-1 (5.61e-3) — 7.8505e-1 (2.91e-2) = 7.84260-1 (2.85¢-2) -
DTLZ4 10 9.7157e-1 (2.23¢-4) 9.1475¢-1 (4.07¢-3) — 9.6980¢-1 (1.53¢-4) 9.7226e-1 (2.24e-3 ) +
15 9.9206¢-1 (1.1de-4) 9.6070¢-1 (2.35¢-3) 9.9076¢-1 (1.18¢-3) 9.9044e-1 (1.51e-
5 1.0799-1 (3.39¢-3) 1.2935¢-1 (3.74e-4) + 1.0483¢-1 (2.04e-3) 9.0959¢-2 (2.73¢-4)
DTLZ5 10 9.1644e-2 (1.16¢-3) 1.0062e-1 (2.77e-4) + 9.0893¢-2 (1.10e-4) 9.1359¢-2 (7.19e-4) =
15 9.1168¢-2 (3.89¢-4) 9.4858¢-2 (3.18e-4) + 9.0648¢-2 (3.24¢-3) = 9.1206¢-2 (3.78¢-4) =
5 1.0371e-1 (5.39¢-3) 1.2924e-1 (2.68¢-4) + 1.0340e-1 (1.29¢-2) = 9.0959-2 (2.53e-4) —
DTLZ6 10 9.1619¢-2 (8.82¢-4) 1.0053¢-1 (2.70e-4) + 9.1873¢-2 (8.07e-4) = 9.2808¢-2 (1.11e-3) +
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