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A reference point constrained dominance-based NSGA-III algorithm
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(College of Information and Communication Engineering, Harbin Engineering University, Harbin 150001, China)

Abstract: For constrained many-objective optimization problems, a reference point-based constrained dominance
principle (RPCDP) is designed, regareding the feasible solutions and infeasible solutions as a whole and considering the
convergence, the diversity and the feasibility simultaneously. Then on this basis, an improved NSGA-III algorithm is
proposed. The experimental results on CDTLZ test suite show that compared with three state-of-the-art constrained
many-objective evolutionary algorithms, the proposed algorithm has better performance on convergence and
distribution.
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1.426 7e+1 (5.12¢-2) -
1.463 0c+1 (2.26¢-1) -

8.023 le+0 (1.44e-2) -
1.158 8e+1 (1.14e-2) -
1.1652e+1 (1.67e-2) -
1.421 4e+1 (1.37e-2) -
1.4213e+1 (6.58¢-3) -

6.4157¢-2 (3.55¢-2)
1.153 9e-1 (2.29¢-3)
1.171 1e-1 (1.31e-2)
1.427 de-1 (4.23¢-3)
1.445 3¢-1 (3.09¢-2)

F2 AMEEATEBEFRGERAY C2-DTLZ2 F1 C2-DTLZ2-Convex ;MR 5 F L 3k SHYIGD i iR EE

C-NSGA-III

C-RVEA

NSGA-III-RPCDP

4.819 5¢-2 (1.86¢-4)-
1.386 8¢-1 (3.28¢-4) -
4.0162¢-1 (2.57¢-1)-
2.766 5e-1 (6.10e-2) -
3.809 5e-1 (8.77¢-2) -

4.962 5e-2 (1.22e-5)-
1.3954e-1 (5.77e-5) -
2.929 Se-1 (6.48e-4) -
2.644 7e-1 (1.05e-2) -
2.507 9e-1 (1.68e-2) +

4.4165e-2 (4.27e-4)
1.349 Se-1 (6.59¢-4)
2.5213e-1 (1.29¢-3)
2.278 3¢-1 (1.86¢-2)
3.6123e-1 (4.97¢-2)

R M Gmax C-MOEA/DD
3 250 4.9725¢-2 (5.80e-4) -
5 350 1.408 Oe-1 (3.86e-4) -

C2-DTLZ2 8 500 2.922 5e-1 (1.33e-3) -
10 750 2704 7e-1 (2.43¢-4) -
15 1000 3.8126e-1 (1.13e-1) -
3 250 4.3562e-2 (2.19¢-4) -
5 750 8.7447e-2 (1.35¢-3) -

C2-DTLZ2-convex 8 1500  1.3209-1 (1.13e-3) -
10 2500  1.4979e-1 (4.35¢-4) -
15 3500  1.8508e-1(1.70e-2) -

3.463 6e-2 (5.26e-4) +
6.5637¢-2 (7.01e-4) +
1.300 6¢-1 (1.06¢-3) +
1.1358e-1 (2.24e-3) -
2433 6e-1 (3.69¢-2) -

4.1412e-2 (8.21e-4) -
6.659 5¢-2 (1.74e-3) +
1.183 3e-1 (5.78¢-3) +
1.2604e-1 (5.23¢-3) -
1.6854e-1 (2.81e-3) -

4.0590e-2 (2.21¢-3)
6.870 8e-2 (4.52¢-3)
1.3256¢-1 (3.32¢-3)
1.082 8e-1 (4.22¢-2)
1.503 8e-1 (2.01e-2)

+R 3 AMEEETR BFRERE C3-DTLZ1 1 C3-DTLZ4 MR 5 F L3R B IGD EHME S E

C-NSGA-III

C-RVEA

NSGA-III-RPCDP

5.003 1e-2 (1.27e-2) +
1.0723e-1 (3.11e-4) +
2.4019e-1 (1.12¢-3) -
2.6326e-1 (5.73¢-4) -
4.0143e-1 (1.82e-3) +

6.022 6e-2 (1.29¢-2) -
1.075 6e-1 (1.32e-3) +
2.4304e-1 (4.80¢-3) -
2789 1e-1 (2.57¢-2) -
3.997 3e-1 (7.86¢-3) +

5.076 1e-2 (1.21e-3)
1.135 5¢-1 (1.80e-3)
2.1853e-1 (3.11¢-3)
2.5216e-1 (2.77e-3)
4.6817e-1 (1.23¢-2)

R M Gmax C-MOEA/DD
3 750 5.620 6¢-2 (1.00e-2) -
5 1250 1.069 3e-1 (2.57¢-4) +

C3-DTLZI 8 2000 2.422 6e-1 (3.48¢-4) -
10 3000 2.656 8e-1 (2.60e-5) -
15 4000 4.0194e-1 (1.17e-3) +
3 750 2.703 3e-1 (3.23e-1) -
5 1250 2.436 8e-1 (1.42e-4) +

C3-DTLZ4 8 2000 4.965 de-1 (2.27e-5) +
10 3000 5.6741e-1 (2.91e-5) +
15 4000 7.9192¢-1 (1.19¢-2) +

2.4315e-1 (3.35¢e-1) +
3.214 le-1 (1.62e-1) -
5.904 4e-1 (1.33e-1)~
5.690 le-1 (6.20e-4) +
1.1437e+0 (1.15e-1) -

9.343 3¢-2 (7.48¢-4) +
2.455 le-1 (8.09e-4) +
4.9726e-1 (5.19¢-4) +
5.669 7e-1 (7.31e-4) +
7.7627e-1 (1.19-2) +

2.5126e-1 (3.30e-1)
2.6617e-1 (2.40e-3)
5.8925e-1 (6.57¢-2)
5.9322¢-1 (8.39%-2)
8.5903¢-1 (3.49-2)

BlF FHUAS T i 4F IGD 45 . C-MOEA/DD.C-NSGA

K5 2 SRIR, ™ E RS R R RE 20 A 5 NSGA-II-RPCDP

-III F1 C-RVEA #4275 H A5 2 8] H 15 150 B 32 50 73 A
125 5 SR 1L, W 5 Pareto BT Y2 1% 221,
) 2598 — A5 25 500 B — AN, LR FE AR A 16 2 A
PE. X565 2 LTI R, el T 2 RSk AR AE, 45
1] /8 [¥] Pareto HT VA2 A AN IESE, X HE 2 R HUX 3 M
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BEARMRH T 85 040052 i (52 MR T
B HT HAAAES B S E A —— XS R
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H1 2 3 7] LA H: 0T 28 3 2840 3 i) /8, NSGA-
III-RPCDP7E H #7 8 # H ¥ 10 1 C3-DTLZ1 343 T &
UF 145 5, C-MOEA/DD 7t H #5 5 1) C3-DTLZ1 bA &
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RVEA 7& H¥5 15 ) C3-DTLZ1 LA} H 453+ HAx 1041
H#A5x 15/ C3-DTLZ4 345 T B lif 45 5. BAREE 3K
2430 1] R (1) Pareto BT ¥ FH 24 5300 540, 1L SR 4k P4
B BE N, B IR R ISR AR R AR rTAT N i
AT, DR AN 75 BE R AT B 58 X 380N W] AT i (1) fR 9
PE. T3 2 5] 5 () Pareto BT VA J2 58 B 4 1), 2 T
Y5143 45 2 2% 15 5532 C-RVEA il C-MOEA/DD #
B AR 3. R 0 itk NSGA-TII-RPCDP 2% o 0] 47 iRt
) EC IR F T8 A B AR T, R DA R AW Sl
71, fE R R S BE /11K C3-DTLZ1 o) B B A5 — 24k
.

1% J5 M\ Wilcoxon £k FlAS 56 1 G 11 45 S wp w] DA
F H: 7 BT A 30 6] CDTLZ il 3 i 8 1, NSGA-III-
RPCDP . Z 11 T C-MOEA/DD 207X . It T C-NSGA-
III 18 YK #t T C-RVEA 18 Ik, Hi b5 B 7E CDTLZ il
R b, A SCREART T HoAh 575 7E IGD $ b
BABKMR S, BA B 256 TERE.
34 BITETEELER

N T B4 R R SR A B TRD, DL AR 15 R4,
X AN AR B — 2R 1) LS AT 30 011 B[R] HSF- 12,
i & 5 fros, Hod C2-DTLZ2* Jy C2-DTLZ2-Convex
45,
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584.54s 578.34
pesees 875328 557.86 567.345s
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Ja , FEULRCIE R B, Wi 2 T RVCDP &I 73 1 45 4% A1
AN 2 ERE B IR bR SRk B AL, A 2 5 M Bk
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