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Constrained multi-objective optimization with hybrid differential

evolution and alpha constrained domination technique
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Abstract: To solve the constrained multi-objective optimization problems, we present a hybrid differential evolution
algorithm with alpha constrained domination technique. In this approach, the constraint level, which measures how well an
individual satisfies the constraints, is incorporated with the domination principle to solve multi-objective problems. At the
early stage, the constraint level is relaxed in order to utilize the useful information carried by some infeasible individuals,
so this relaxation increases the diversity of the population. At the later stage, the constraint level is tightened to make
the evolution process searching for the feasible area. At the same time, a new dynamic simplex crossover operator is
incorporated into differential evolution to improve the abilities of exploration and exploitation. The proposed algorithm
is tested on 6 typical benchmarks and compared with other algorithms. Comparison results indicate that the proposed
algorithm has advantages in converging to Pareto front and maintaining the evenly-distributed optima along the Pareto

front.
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1 5|5 (Introduction)
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2.1 KB Z5 R % H A7 1 B 10 alpha 1 5 77 ¥
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multi-objective problems)
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(), SIN—AIE T ED, BB — DL
A — A AR T[0, 112 1) FRURER 8, % I AR A e /s s
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2.2 RBAHZEN AL T (Hybrid differential evolu-
tion operation)
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Fig. 1 Illustration of simplex crossover operator with

three-parent in two-dimensional space
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2.3 Z B bRk AR 4 5T E (Selection op-

erator and archive updating method for MOPs)

BT aCDZ WS I G 28 A 45 BE PR 7 A2
RAER T RAME AT I Pk, B R a0 F
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2.4 A CH 7K S FE(The flowchart of proposed

algorithm)
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PRI )20 BT AR R R

Step 1 WIahifb. L Et = 0, ARk
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B SETHEED, SR VESERIE b AR AN 2 ROKT 2
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Step 3 VY. PP FIEFQ Q1M H b bR HUE
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Step 4 P 23 W HIEFETIEHEET
—ARPEEX L AR SR R AR 4R AC H,

Step5 At=t+1;

Step 6 41 ML AT RS, WSV E, I H
iy AT RSB P I A 5 28 [ Pareto e LR, 75 U
IR [F]Step 2.

3 A HESEK i (Experimental study)
3.1 P R B (Test functions)

g 56 UE 5L 1 PR e, ik e DL Ak i) RAE Ol
3k g #, BpTp1U2l) TNKI2 cTP1Bl) cTP2M3),
CTP4BIRICTP6!!3!, XFCTP R A A%, IO < o; < 1,
i=1,---,10, g(z) = 1 +9Zn5”_ - K ECTPLA

CTPOH LRI . T 3L B B i

B

3.2 TEBETE Y ¥8 FR(Performance assessment met-
ric)

Btk 2 HARCA ) 8, AR 7 (hy pervolume
indicator, Iy) K VP if A& 1T B SR A FE A U4 Y 4
HUEE $5 b7 (diversity metric, Ty ) SR PP i# S 1K) 24T
RV BRI R R UL I AR AR AE H Fs 2 [a) AH X
T % % fi(reference point)fiT 32 It it 2 [8] F) Lb 451 1141,
TR AR BOR, 12 A A B A B S A A, WAL St
U, 0 T2 p R HL, MR R B br ek B B —
H s & b0 KA T A e 5 E A 2 2% ki oy
FSRE i B vk D) 3 A IR 30 AL e DG At A 1) 20 A 15 0L, 1%
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3.3 i E 45 B (Experimental results)

h TR UE AR SCE A A, 5 NSGA-TT,
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G TP AN AT AT BT I (1) 24 A S5 A 1R~ S AR AR A
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Fig. 2 The obtained Pareto fronts of 6 test functions by 4 algorithms
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K37 T 101847 45 B 1 T $a b 5 20 B (14K
FHDE-aCD, 2/t F&NSGA-II, 31t & Woldesenbet,

18, A5 B8 4 W7 H0 8 1 O A5 1 L. v LU HY, HDE-
QCDXT K 22 Bk 1) 8, AN AT DL 2148 47
(1)~ S840, 15 21 16 fe /MEL AR B Y. 18 77 1645 320 1)
e AME B U, 45 51 2 X T CTP4 1) i, HDE-oCD3
B P B T 1 e /ML A A Sk T A B 1 2
4 1) B /ME. 55 46, HDE-oCDA5 31 (1) 85 1 % i
(1 S5 AEL AR L3R /D, 6 BV B b R e o, FRAR NS
TTPLIA) R, H T 350850 e o, AH A I 28 e {1
1 Ll LAl R 4 B, B — e R P LA R

A% K Ray), '©BEE W] T MO B P e SRR
A1 AT SR AT 6N MK R B4 A HEAT 10K AR S IBAT 0 Ty F8ATH T 5 HT1E
Table 1 Statistical results of the Iy indicator based on 10 independent runs
by 4 algorithms in solving the 6 test problems
N M) [H
I R
HDE-aCD NSGA-II Woldesenbet Ray
TP1 0.8396+0.0010 0.83914+0.0012 0.83924+0.8316 0.8316£0.0039
TNK 0.5886+0.0015 0.578240.0313 0.55504-0.0884 0.5757+0.0038
CTP1 0.4436+0.0014 0.441340.0029 0.43884+0.0011 0.4377+£0.0029
CTP2 0.6725+0.0017 0.6706£0.0021 0.67024+0.0064 0.6654£0.0019
CTP4 0.5784+0.0122 0.514340.0422 0.533540.0185 0.5205+0.0148
CTP6 0.5408£0.0049 0.538440.0050 0.537430.0039 0.5339+0.0054
TP1 TNK CTP1
8.21(2) — 060 == — L 0.450[ -
= = E § 0.55 - . 1 0.445 l ! -
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- - L H ga = o4s0f Lo B Q_
~T 08321 . AT ] T
i i - i 0.435} T
08281 ) 035} ] 0.430 _
0.824 + 030 + ] 0.425 +
1 2 3 4 1 2 3 4 1 2 3 4
CTP2 CTP4 CTP6
0675F — T -+ - 060 T . T
S ¢ 0.58 | = _ 0.545F T ¢ .
0.670 = 5 - o == ' -
0,665 - 0.54] = ] 03407 =nml
' = = sl I il 1 ~F o0s3s) | E 1
0.660 |- . . | ,
050 B = ] | - <4 i
+ 0.530 +
0.655 |- 4 0.48 I 4 i
0.46 £ - i 0.525¢ ~ 4
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Rogy il TaM ks

3 RPN 6 IR R H0S3 A T 10U IE 47 45 SR ) g Fbs (R 620 P
Fig. 3 Box plots of the I1; indicator based on 10 independent runs by 4 algorithms in solving the 6 test problems
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K4 2 s Ipy FR A5 1) &0 B (148K HDE-aCD, 2
fRENSGA-II, 318 K Woldesenbet, 41, Ray). M
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Table 2 Statistical results of the Ip); indicator based on 10 independent runs
by 4 algorithms in solving the 6 test problems
. Ipm
MRE TR
HDE-aCD NSGA-II Woldesenbet Ray

TP1 0.5810£0.0269 0.6348+0.0290 0.622740.0265 1.0157£0.0812

TNK 0.72924+0.0275 0.7275+0.0243 0.7938£0.2062 0.9806%=0.0659

CTP1 0.3838+0.0259 0.4581%£0.0703 0.503240.0660 1.176130.1000

CTP2 1.06931+0.0192  0.9927£0.0353 1.0230£0.0499  0.983910.1092

CTP4 0.6654+0.2021 1.3693%0.1737 1.440540.1082 0.866610.1277

CTP6 0.3033£0.0193 0.35924+0.0305 0.3756£0.0307 0.6326£0.0681

TP1 TNK CTP1
i T 13+ ' 1 L3r T
1ol Q_ 12F 1 L1f ﬁ-
g 09+ 4] 1.1 - 7 - 0.9 : NE :
~ 2 10t 1 I 1
0.8 E ~ 0ol ﬁ | =~ 07k ]
i = = 1 08| T 05 s é 1
L & = _ Ol = S ]
061 &5 - = = & ]
1 2 3 4 1 2 3 4 T 2 3 4
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110 F T -4 ol = i 0.70 T
1.05 | %' : - Lar E e | i E ]
1.00 EI 4 12} - + i 0.60 . ]
s 095f ! . . Z 10F T T 2 050F 1]
~ 0.90 | - i i ~ 08— g_ ~ 040_ 4
0.85} . 0-6—Q + B == ]
0.80 1 04l L | 030} == o -+ i
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Fig. 4 Box plots of the Ipy indicator based on 10 independent runs by 4 algorithms in solving the 6 test problems

3.4 Alpha 2y 3} 32 it b 2 £ R 5 308 89 4 #r
(Effectiveness study of the proposed aCD)

H T 3 Mt aCDIAT R, LATPLA I BEAT 73 47
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) Fpe DI 320 S AN 73 B 1 P 2, v i) f) AN S 5
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ELE/IN I, S USRI R AT Y. Bt = 20L0 R L
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