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Decomposition-based constrained dominance principle NSGA-II for
constrained many-objective optimization problems

GU Qing-hua"*!, MO Ming-hui*>, LU Cai-wu', CHEN Lu?

(1. School of Resources Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China;
2. School of Management, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: The distribution and convergence of solutions are poor when constrained many-objective optimization
problems are solved with multi-objective evolutionary algorithm, which tend to fall into local optimal solutions. We
propose a decomposition-based constrained dominance principle NSGA-II(DBCDP-NSGA-II) based on the fusion of
Pareto dominance, decomposition and constraint dominance. In the study, based on retaining the fast non-dominant
ranking in NSGA-II, Pareto dominance is employed firstly to dominate population. Then according to the nature of the
solution, the DBCDP is adopted to punish the equivalent solutions. The feasible and infeasible solutions in sparse
regions are preserved to improve the distribution, diversity and convergence of the population. Finally, the critical values
are reordered by the vertical distance and the crowding distance from the individual to the weight vector until N optimal
individuals are selected for the next iteration. Using constrained DTLZ as an example, the algorithm is compared with
C-NSGA-II, C-MOEA/D, C-MOEA/DD and C-NSGA-III. The results show that it has more uniform distribution and
better global convergence performance than the other four algorithms.

Keywords: constrained many-objective optimization; Deb’s constraint handling strategy; MOEA/D; NSGA-II;
distribution; convergence
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min far (z) = (1 n h(XM)) sin (gan) [;(fi(x) —1/VM)? - rz]}
h(z) = i(:pl —0.5)%
1 L(in)/ M
min f;(z) = ——— z; gj(z) = fu(z) +4f(z) =120
[n/M] | 2 o s
DTLZ8 ) LG=1)n/M] ) 2R PE R A
j=12...,.M ji=12..., M -1
(M—1)
gu (@) =2fu(z)+ min [fi(z)+f;(x)]-1>0
LGn)/ M) ,
in f; = Bk i = fu H -120
R—— fi(=z) w—%g/w (i) gj(x) = fr(z) + £ () A B
j=1,2,...,M j=1,2,...,M—1

fEEER95 D TENL T TS “47 L “=7 , “=" %
NGETREIAR, “+7 RRBEMRT. “=7 TR
BELT. “=" R LER T DBCDP-NSGA-IIL. f
W1, 2222 M = 5, C-NSGA-II [1) IGD “F-#4)18 Flkx
#EZE “2.6182e-1—" FK/RDBCDP-NSGA-IIF &5 %
95 % (LR, B2 LT C-NSGA-IL

M2 B AL 7R R A — AL % A 1) C-DTLZI
C-DTLZ2 | i #% % ', DBCDP-NSGA-II 3K i IGD

(1) 45 AR/, B 3R AR A 2 3 AR T C-NSGA-IL,
C-NSGA-III. C-MOEA/D. C-MOEA/DD. i C-NSGA-
11 1 C-MOEA/D 7E C-DTLZ1. C-DTLZ2 iz 7] i
FIT 3R IGD B8 K, 3 B I 19 Fh S92 04 A HERf R 21 7T
TN B 32 B R R 2 Y B AR B e, — AN i
SCHC R — AR RE 1 B, T FL A 2t T i
FIAT R SCIC AR P AT A, A6 58005 5 B N Jm i B AR A A
C-DTLZI1 K% FH 24 M = 58, C-NSGA-III & 11

% 2 C-DTLZ1.C-DTLZ2WiK iR B9 IGD FH{EFREE

C-NSGA-II C-NSGA-III C-MOEA/D C-MOEA/DD DBCDP-NSGA-II

Mikea sl vk EE Hirk

FHE ARfEZE CPE AlEE CPBE WlEE . PHE WlEE PHE WEE
C-DTLZ1 50 5 2.6182e-1— 6.12e-1 5.0589e-24 8.95e-1 5.6930e-2— 3.2le-1 5.1561le-24+ 7.58e-1 5.1737e-2 5.08e-1
C-DTLZI 80 8 2.7278e-1— 3.87e-1 1.9901e-1— 4.54e-1 2.8935e-1— 6.75e-1 1.5646e-1— 6.62e-1 1.1517e-1 6.92e-1
C-DTLZI 120 12 1.9925e-1— 3.3%-1 1.6007e-1— 7.08e-1 1.8022e-1— 4.0le-1 1.5374E-1— 5.33e-1 1.3589e-1 5.4le-1
C-DTLZ1 160 16 3.1532e-1— 5.33e-2 2.3754e-1— 4.46e-2 2.4913e-1— 3.74e-2 2.3248e-1— 8.48e-2 2.2321e-1 4.30e-2
C-DTLZ1 200 20  3.9577e-1— 7.70e-2 2.8180e-1— 7.09e-1 3.2530e-1— 4.32e-1 2.4383e-1— 7.7le-1 2.3935e-1 7.87e-1
C-DTLZ2 50 5 4.007 le-1— 1.33e-1 1.9126e-1— 8.05e-1 2.5690e-1— 2.1le-1 1.8997e-1— 5.24e-1 1.3266e-1 5.99e-2
C-DTLZ2 80 8 3.5925e-1— 3.3%-1 2.4007e-1— 7.08e-1 3.8022e-1— 2.0le-1 2.5374e-1— 7.33e-1 2.2867e-1 5.11e-2
C-DTLZ2 120 12 3.7278e-1— 3.87e-1 2.6935e-1— 6.75e-1 2.9901e-1— 4.54e-1 2.564 6e-1— 6.62e-1 2.4200e-1 3.74e-2
C-DTLZ2 160 16 3.6182e-1— 6.12e-1 2.9519e-1— 8.95e-1 3.6930e-1— 9.2le-1 2.136le-1— 6.58e-1 2.1089%e-1 6.21e-2
C-DTLZ2 200 20 5.4657e-1— 6.98e-2 3.8945e-1— 6.96e-2 5.0446e-1— 4.75e-2 3.6909e-1— 7.10e-2 3.3983e-1 6.62e-2
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%35 %

T DBCDP-NSGA-IL. X} T "% { C-DTLZ2, 4 M =
12,16 i}, C-MOEA/DD H{ 434X {X T- DBCDP-NSGA-1I
B M. 5 BRI C-NSGA-TI 5.3 T 3578
Fiigie X 35 5523 T 473801 4E T 47 /% . C-MOEA/DD B
SRTERRPRFLFEI BOOR B 1 ARt X S8 AR v AT i, (1
FESCICFT B 15 8 AT AT SCRC 3E iT 4T f#%. DBCDP-
NSGA-IFER bR FE 1 SCHC PR Bl ok i 1 OR B3
PR X IR AE v AT A DRI A REERAS BE 47 (1) 45 2R
T 3 H Al E X T 5 2 K M AR AR
DTLZ8.DTLZ9 i 7] i, DBCDP-NSGA-II >R 1 IGD
FR) 485 FAH LN, Pt SR e A A i 2 A0 T C-NSGA-I.
C-NSGA-III. C-MOEA/D. C-MOEA/DD. ifij C-NSGA-
II. C-MOEA/D /5% HUAF 5L if i S AL A, AE H — 2% L

LR A — RSP TH A R DTLZ8 1) 1, 24 M = 12
Ik}, C-MOEA/DD 45 # 1t i ¥ {H, C-NSGA-III 4

i Z 0T DBCDP-NSGA-II. 4 M = 5,16,20 i}, C-
MOEA/DD %5 4% X - DBCDP-NSGA-IL. %} T Pareto
BT 1 — 4% B 2R 4L 5 1 DTLZO Ik sk %, 24 M =
5,12 Itf, C-MOEA/DD f¥ {X -} DBCDP-NSGA-II ] 45
F.M M = 16, C-NSGA-III { % 1 T DBCDP-
NSGA-II ff) 45 5. C-NSGA-III. C-MOEA/DD #iifi i
22 iR H bR 35 51 B, IR iR S 55— —
X} R, DBCDP-NSGA-IT K H 1 3 5) 43 A AL E 1) i,
W fi oy B2 25 H Ol () XN, AN AFAE —— X R G
F, NI HE T R 5 70 A

% 3 DTLZ8. DTLZ9 M iR # A IGD ¥ EFFREE

C-NSGA-II C-NSGA-IIT C-MOEA/D C-MOEA/DD DBCDP-NSGA-II

Mk JoRAEEE Hindk
TIE bR CPIE S fedER CPEME R CPIE iR CPIE feiER
DTLZ8 50 5  4.6846e-1— 4.16e2 2.6132e-1— 6.52e2 3.6686e-1— 2.14e-2 2.5293e-1— 4.18e-2 2.2796e-1 4.20e-2
DTLZ8 80 8  5.5628e-1— 4.58¢-2 2.4686e-1— 7.79¢-2 4.8036e-1— 3.56e-2 2.8890c-1— 5.73e-2 2.4201e-1 5.95e-2
DTLZ8 120 12 57591e-1— 4.57e-2 2.1929-14+ 7.50e-2 5.2379%-1— 2.8%e-2 2.0454e-1+ 5.63e-2 2.6606e-1 6.40c-2
DTLZ8 160 16 6.5459%-1— 4.65e-2 3.7263e-1— 5.7le-2 5.5847e-1— 5.60e-2 3.6036e-1— 4.38e-2 3.5715e-1 6.05e-2
DTLZ3 200 20 7.7996e-1— 4.76e-2 47181e-1— 520e-1 7.0303e-1— 5.43e2 4.3241le-1— 4.71le-2 4.2876e-1 6.51e-2
DTLZ9 50 5 4.0968c-1— 1.04e-1 3.6296¢-1— 6.50e-1 3.9746¢-1— 2.73e-1 3.5690c-1— 6.62¢-1 3.0131e-1 6.90e-1
DTLZ9 80 8  5.545le-1— 20le-1 4.4987e-1— 3.20e-1 5.1438e-1— 2.04e-1 4.5945e-1— 5.83e-1 4.2120e-1 7.6de-1
DTLZ9 120 12 5.0525e-1— 2.77e-1 3.5308e-1— 5.13e-1 4.7616e-1— 7.79e-1 3.5200e-1— 6.35e-1 3.4407e-1 5.31e-1
DTLZ9 160 16 59329-1— 4.20c-1 4.8198e-1+ 6.21e-1 5.4714e-1— 7.99e-1 4.8813e-1— 7.5%-1 4.8645e-1 6.91e-1
DTLZ9 200 20 6.7921e-1— 643e-1 55584e-1— 7.84e-1 6.8689%-1— 4.55¢-1 5.6534e-1— 7.58¢-1 5.2651e-1 7.18e-1
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B4 Mas by cIX3MAERR T MM = 3% HIEZ BT
{50 /X C-NSGA-Il. C-NSGA-IIl. C-MOEAD. C- 4 &£ i
MOEA/DD. DBCDP-NSGA-II ] DTLZ8 il i\ b ¥ 4 S 2 2 P Pareto I 4 BRI 2 5 S BT 3 bl

. . LNgE]
R RELER s CNSCA-TURMO S AT 22T C- g gy gt 7ML AL RENSGAATL AL
NSGA-IIL,  C-MOEA/D. CMOEADD. DBCDE gy g aplepis it 17 7 Pareto KREHFFF. I MM
NSGA-T I 1 ELAAEE P I L2 A0 2. L [ (5 . AR HAR 22 () B B 7 AL
FIS Masb B3I T4 M = SRR pwoun i g s e 3 A7 TSR RIEAT T 18
50K C-NSGA-II. C-NSGA-III. C-MOEA/D- C-MOEA sy e e e W i 452 B i [ 9k 1 1 4 A R AE 47
/DD. DBCDP-NSGA-II ) DTLZ9 Ml i p& £ 5 1. iX AR T RO EERIIC ST AN A . 2 B M T %

BN}
LR B, C-NSGA-IIL. C-MOEA/DD. DBCDP- o iy 4 45 7 W10 % 3 5020 5K DTLZ b 345 52

NSGA-IL 4 #54)", 3+ L DBCDPNSGAINE MALNT i g g3 b e sty 0% 0 059041 8
RS2 T ) / AR 0. S O 9 LR S

M Wilcoxon AL B AL R AT DL E20 2 e o 41030 Paeto S SR AR LK R 4 5 AR
41 #2525 b, DBCDP-NSGA-II Eb C-NSGA-II 41 20 b

X, DBCDP-NSGA-II Lt C-NSGA-III 1} 17 #X, DBCDP- P
8 N = X (Ref
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