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A constrained multi-objective evolutionary algorithm based on average
vector angle and dynamic reduction mechanism

LU Yu-ming'', CAO Long-hao', DONG Xian-juan®*, XIONG Li-juan'

(1. College of Aeronautical Manufacturing and Mechanical Engineering, Nanchang Hangkong University, Nanchang
330063, China; 2. College of Materials Science and Engineering, Nanchang Hangkong University, Nanchang
330063, China)

Abstract: Balancing population convergence and diversity remains a significant challenge in constrained multi-
objective evolutionary algorithms. To remedy this issue, this article proposes a constrained multi-objective evolutionary
algorithm based on average vector angle and dynamic reduction mechanism (CMOEA-BAD). This algorithm designs a
main population and an auxiliary population, which evolve independently. The main population is dedicated to solving
the original problem, while the auxiliary problem focuses on solving the ancillary questions. On the one hand, the
CMOEA-BAD takes into account the angle information of the ideal and lowest points of the main population, designs
an average vector angle, and selects individuals based on this vector angle through constraint dominance principles to
achieve the goal of balancing population diversity and convergence. On the other hand, this article proposes a
population size dynamic reduction mechanism for the auxiliary population, which dynamically adjusts the size of the
auxiliary population to reduce the computational resources it occupies during the evolution process, in order to
accelerate the convergence speed of the algorithm. In order to verify the performance of the algorithm, the proposed
algorithm is compared with PPS, BiCo, NSBiDiCo, MFOSPEA2, and CMOES algorithms in MW and DTLZ test
problems, and applied to practical engineering problems. Experimental results show that the proposed algorithm can not
only effectively balance the convergence and diversity of population, but also significantly improve the convergence
speed of the algorithm. The overall running time of the algorithm has been shortened by 28%, and the overall
performance is better.

Keywords: multi-objective optimization; constraints; vector angle; dynamic reduction mechanism; astringency;
diversity
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PPS 0 24 0 5.00(5) 1 23 0 5.04(5)
BiCo 3 12 9 3.08.(4) 3 12 9 3.08(4)
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NSBiDiCo 17.70 19.44 18.71 NSBiDiCo 17.70 19.44 18.71
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CMOES 499.03 291.79 378.14 CMOES 499.03 291.79 378.14
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CMOEA-BAD 2426 14.68 18.67
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DL b5 5 SO0 UE 1 NN SIS 4R 8L B8 5 2%

A 9 [ AT 6F ], 2 B3 AT k.
4 SZpRRH
25 1) 2 2 DR L T R R ) B M R 1L

U4 — RAME A, VRGN TR A3 2 1)
Z . ATl 4 A sh e AT oAb it
A YE CMOEA-BAD HA A Rk, 161 50 8 45 1)
vert b, BB NS LN A0 2 AN B R AR Ak
Hbr, FEAAE 4 ADPJSRAR & fZh &1 W FhE BAT
My, WiE Ha, FEBN SR, ZIRT 5 M2
W AR A B d /N B R 1) 3D 0 B oR K T
73~ Wi B UL BAR AR PR ). BARLAE AL R s
min fi(x) =4.9 x 107°(z] — 23)(x, — 1);
~9.82 x 10°(z; — x3)

falw) = z374(25 — 23)
st gy = (xy — ) — 20 > 0

9o =30 — 2.5(zs +1) = 0;

gs = 30 — 2.5(zy + 1) = 0;

_2.66 X 10 gy (2] — })
9= (3 — 23)

— 900 > 0.
(7)
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Ho kB 2 PUE L E Nz, € [55,80]. z, € [75,
110]. 25 € [1000,3000]. x, € [2,20]. &%} L& il
A, K TR H R S A RE AT X B SRS, T SE
B 1] R TG 9 3K B L 92 1Y) Pareto RIS, IGD+AS T 3d H,
AL AR HV BNV R R, & FIELE 1% A8 -
MALIEAT 30 Ik, B ECPP AN IR E A 100000, %
58 6 F E ik HV I & L {H (Best). ¥J{H (Mean)
EbrEZ (Std) MGt 45 8. 3k 5 arsn, prig i &
TR SEARRAE 223 B AR T A B

F=5 BEZESNEIZNLIHEIE _EA HY IEAREER

Rk Best Mean Std
PPS 0.9025 0.8860 0.0137
BiCo 0.9120 0.8896 0.0152
NSBiDiCo 0.8951 0.8795 0.0135
MFOSPEA2 09126 0.8919 0.0150
CMOES 0.9085 0.8895 0.0161
CMOEA-BAD 0.9182 0.8989 0.0126
5 & #

ARSCHH T — i TP 3 2% 5 A R B A 4 DAL
Hil 129K 2 H Ar it 4k 5% (CMOEA-BAD), 151
PRI S S 2 R R, B35 3 1 I SoH
LS VK BRAR A5 B s A PR S B A
A R 35 R A, B R TP 38 R A ) S D
P, o8 T SR AR R 2 RE V. AN, BTt A
VR T Bl AR B & G geobIL ], i B A
I8N il B e ) RIS SR B2 v BV (M W SO BE, 75
FVFAEARISAT I M 4658 T 28%. 78 248 gk br H 4
DTLZ F1 MW 47 1 07 LS5, Skl BRI A
bE T IR B PR BE AR BR 9 B35, CMOEA-BAD K3 H,
0, RE RS I 1 PR I S S 2 . RS
TR G R H B A etk i @ b, BT B RE IR R
UL, 33— 2B 583F T CMOEA-BAD 7Ef# 41K %
Hbr i) E B R 564 ).
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