¥ ow 5 kR

Control and  Decision

XIBZ)RiE R E 5| FRXEARES BIiFACEE

ERAHL, B Y, B!
(1 VLIRGPE RS TN TR S, 105 =ik 222005; 2. FSRHE % BURRE %5, LR F 5 266000)

7 OE: XNLARZ HErAb ) 85 B AR ek e A R A D — NS X RN M S8 0 )2 AP AT
TS bR AR A AT R AR 2 0] R A SR AR D, HL SR 2 SO 1] 58 A4 W] AT S A R 1) W 1) sk LA T B T
TP IX R 20 R 22 H bR A Ak 10 88, A SO s SCIX 1) 240 3R s B, 2 H 25 IXC ) 9 ml A7 ) 2 b 3 — X
) £ 53 s 5 51 S I X A1 41 R 2 H ARk S 2 5800 A T R i X TR 22 H bRt b S R ME SR B e R B T
FE ST 7 AR SRE AE A8 2R 2 ] PP BRI R A7 45, AR FH 389 50 43 A1 PR SRR SR T A P S U 5 o 1 A AR B B Tk
1147 DX 1 240 S e 58 B X (145 2 55, 1 36 I 528 T s d A0 FH U2 7078 S5 B A ORI 5 T T AT PR
) BE BT A8 43 A 2 AR SRV A R T LA ) W R A7 S8 X TR) 2 3R 22 B b v bR ORI 5 25 6 AR TR R G Ak 1
5 i AT AR, S 3A X 203 22 H bR A Bk T A, S i 45 SR 3R IR AR SC AR B AR P e

XHBEIR): AR HAniAuim s XA b XA RERE: f T8 TRRRE HENSH
FESHES: TP312 XHkFRERD: A

DOI: 10.13195/j.kzyjc.2023.1759

SR T A A A, X (R 20 S 51 I X RIZ R 2 B bR SRR D). 5 g k.

An interval constraint violation degree guided interval constrained multi-
objective evolutionary algorithm

WANG Fei-meng', SUN Jing?!, DAI Hong-wei'

(1. School of Computer Engineeringd, Jiangsu Ocean University, Lianyungang 222005, China; 2. School of Data
Science, Qingdao University of Science and Technology, Qingdao 266000, China)

Abstract: Interval constrained multi-objective optimization problems (ICMOPs) have at least one objective function or
constraint containing interval uncertainty parameters, which is popular in practical engineering applications. There are
very few algorithms for solving these problems, and practical constrained optimization problems usually have
discontinuous feasible domains. For ICMOPs with discontinuous feasible domains, a feasibility rule based on intervals
is presented by defining the interval-constraint violation d egree in this p aper. B ased on this, an interval constrained
violation degree guided interval constrained multi-objective optimization algorithm is proposed. This algorithm takes
the decomposition-based interval multi-objective evolutionary algorithm as the framework. Firstly, Latin hypercube
sampling is utilized to explore feasible domains in the search space, and multiple evenly distributed sampling points
constitute an initial population. Then, the reference vector is periodically adaptively adjusted based on the individual’s
interval constraint violation degree or interval crowding distance. Finally, the double difference mutation operator is
employed to generate new individuals, and the neighborhood individuals are updated based on the feasibility rule. The
proposed algorithm is tested on the constructed interval constrained multi-objective benchmark functions with
discontinuous feasible domains and an island integrated energy system optimization scheduling problem, and compared
with three interval constrained multi-objective evolutionary algorithms. The experimental results demonstrate that the
proposed algorithm has superior performance.

Keywords: constrained multi-objective optimization problem; interval; evolutionary algorithm; interval constraint
violation degree; Latin hypercube sampling; adaptive reference vector
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DICF4 2.4921(0.6388)+  3.2887(0.6525)  0.1634(0.0981)+  0.0389 (0.0988)
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DICF1 2.3584(0.0317)+  2.5498(0.0120)  0.0396(0.0005)-  0.0441 (0.0071)
DICF2 2.8238(0.0172)=  2.8287(0.6500)  0.0460(0.0066)-  0.0505(0.1449)
DICF3 2.9710(0.0234)=  2.9694(0.6331)  0.0602(0.0079)+  0.0465(0.1400)
DICF4 3.3043(0.0192)+  3.2887(0.6525)  0.0683(0.0115)+  0.0389 (0.0988)
DICF5 2.5715(0.0106)=  2.5439 (0.0337)  0.0437(0.0001)-  0.0586 (0.0235)
DICF6 2.9325(0.0155)=  2.9298 (0.0188)  0.0566(0.0083)+  0.0246(0.0082)
DICF7 2.8968(0.0399)+  2.9092 (0.0190)  0.2578(0.0421)+  0.0285 (0.0073)
DICF8 3.3484(0.0161)=  3.3931(0.0262)  0.0481(0.0007)+  0.0338(0.0002)
DICTPI_1 ~ 0.2305 (0.0004)=  0.2363(0.0051)  0.0044(0.0004)+  0.0034(0.0018)
DICTPI2  0.2618(0.0007)+  0.2738(0.0089)  0.0075(0.0008)=  0.0072(0.0047)
DICTP1.3  0.2924(0.0008)+  0.3079(0.0118)  0.0110(0.0008)=  0.0118(0.0080)
DICTPI. 4  0.3241(0.0013)+  0.3471(0.0139)  0.0197(0.0001)=  0.0186(0.0103)
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FRFN X [a] Je tH AR PR B 3% 1 P s, 4 0 SE 00 45
LB 5% B R 3 S3 A1 S4 Fit i, 1 A Wilcoxon £k ATl
TIERL I HE 1 22 5, “+/-=7 43 7 R R DIC-
MOEA/D-1 & % %5 T/8 FH M T/ % Z 75 T
P& B AR AE I 2 s

HE& 1 7 ULFE HAE 2 8 @ EDIC-
MOEA/D-1 #i% ) 8 A B3 F X [A] Je A R B9 45
b 2 BT I 38 BOEAAE D B 4y 1) 8 E DIC-
MOEA/D-1 83 76 & % % 5 T P 42 5 251X
BLHS fe % A8 B35 5 43 A1 1) ) 46 Bl A R T
HAF MR R AT XN G gl fe it 5 £ (3
ST 3R A5 B A7 %00 Wi S0 A4y A % 1) Pareto
U9y, B8 00 2 4 5 5K Pareto 71 5.
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3143 HAEMEE A& T A A #2  DIC-
MOEA/D % ¥ 5 IMOEA/D-C. CIMOEA Al
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4t B Wilcoxon Fk Al 77 v F SR G 06 B v 1) 22 = 1,
“4/-1=" 37~ DIC-MOEA/D #1555 % b 80 4 g
ez HEZEL TR ENTILEZEEZER THR

F=3 EEEE HV HEMREE

PR CIMOEA IMOEA/D-C CIMOEA/D DIC-MOEA/D
ICMOP1 0.5398(0.0755)-  0.2807(0.0327)+  0.3075(0.0027)+  0.3146(0.0039)
ICMOP2  0.6148(0.1256)+  0.6036(0.0100)+  0.6349(0.0082)=  0.6333(0.0081)

ICF1 0.7355(0.0638)-  0.5146(0.0129)+  0.4984(0.0168)+  0.6215(0.0086)

DICF1 2.1470(0.0699)+  2.4608(0.0212)+  2.1357(0.0410)+  2.5498(0.0120)
DICF2 2.4517(0.1127)+  2.7392(0.0145)+  2.5831(0.0394)+  2.8287(0.6500)
DICF3 2.6614(0.1134)+  2.8764(0.0184)+  2.7951(0.0320)+  2.9694(0.6331)
DICF4 2.8278(0.0384)+  3.1959(0.0158)+  2.9534(0.0226)+  3.2887(0.6525)
DICF5 2.2004(0.0408)+  2.4692(0.0106)+  2.1415(0.0499)+  2.5439 (0.0337)
DICF6 2.7219(0.1261)+  2.8393(0.0138)+  2.6315(0.0575)+  2.9298 (0.0188)
DICF7 2.7636(0.0957)+  2.8017(0.0186)+  2.6202(0.0507)+  2.9092 (0.0190)
DICF8 2.9363(0.0579)+  3.2540(0.0212)+  2.9231(0.0448)+  3.3931(0.0262)
DICTP1_1  0.2160(0.0082)+  0.2307(0.0004)=  0.2305(0.0005)=  0.2363(0.0051)
DICTP1.2  0.2341(0.0161)+  0.2622(0.0006)+  0.2613(0.0007)+  0.2738(0.0089)
DICTP1.3  0.2506(0.0243)+  0.2926(0.0010)+  0.2927(0.0007)+  0.3079(0.0118)
DICTP14  0.2731(0.0178)+  0.3251(0.0009)+  0.3249(0.0013)+  0.3471(0.0139)

& 3 0 LLFE A KM IR BB T
7 ICMOP1 #1 ICF1 I, CIMOEA % % & & ft T
DIC-MOEA/D #.7%:, /£ ICMOP2 |, CIMOEA/D & %
T & % 7% % T DIC-MOEA/D % % #£ DICTPI_1
-, IMOEA/D-C % 7% & . % % 5 + DIC-MOEA/D
HOEAE Bt A E il K % F.DIC-MOEA/D . %
i % 1t T CIMOEA 5 i%. IMOEA/D-C % ik fll
CIMOEA/D H #£.3X Ut B, 5 H Ath & 3% A6 L, DIC-
MOEA/D %3 % T+ 4 K 38 43 (1 Jik i ok 20T e

15 H G 58U o3 A PRSI 1) Pareto BV

x4 EEFS IGD HIEMIREE

B CIMOEA IMOEA/D-C CIMOEA/D DIC-MOEA/D
ICMOP1 0.8570(0.4409)+  0.1511(0.0363)+  0.0060(0.0017)=  0.0061(0.0022)
ICMOP2  0.9027(0.4980)+  0.0660(0.0173)+  0.0231(0.0120)-  0.0313(0.0146)
ICF1 0.4408(0.0568)+  0.3397(0.0144)+  0.3546(0.0178)+  0.3214(0.0077)
DICF1 0.2704(0.0419)+  1.6864(0.0022)+  0.2423(0.0298)+  0.0441(0.0071)
DICF2 0.1280(0.0235)+  0.0288(0.0054)-  0.1336(0.0266)+  0.0505 (0.1449)
DICF3 0.0997(0.0172)+  0.0301(0.0056)-  0.0945(0.0152)+  0.0465(0.1400)
DICF4 0.2189(0.0250)+  0.0758(0.0002)+  0.2151(0.0151)+  0.0389 (0.0988)
DICF5 0.2548(0.0323)+  0.3597(0.0002)+  0.2620(0.0382)+  0.0586 (0.0235)
DICF6 0.1491(0.0289)+  0.0252(0.0016)=  0.1336(0.0231)+  0.0246(0.0082)
DICF7 0.1331(0.0222)+  0.0289(0.0002)=  0.1270(0.0259)+  0.0285 (0.0073)
DICF8 0.2612(0.0348)+  0.1040(0.0002)+  0.2383(0.0240)+  0.0338(0.0002)
DICTPI_1  0.0544(0.0125)+  0.0024(0.0001)=  0.0025(0.0001)-  0.0034(0.0018)
DICTP12  0.0634(0.0226)+  0.0044(0.0001)=  0.0045(0.0001)-  0.0072(0.0047)
DICTP1.3  0.0774(0.0323)+  0.0066(0.0001)-  0.0065(0.0001)-  0.0118(0.0080)
DICTP1.4  0.0816(0.0303)+  0.0107(0.0001)=  0.0103(0.0001)=  0.0186(0.0103)
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4 DIC-MOEA/D X RERESERAGIAE 0@
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®5 FEEAREESEAERAGREDE
R AR frs)  AHERE

DIC-MOEA/D  0.8258 1628.3 21.0189
CIMOEA 0.4012 1786.8 30.1120
IMOEA/D-C 0.3404 2091.9 4.6926
CIMOEA/D 0.4840 1621.1 67.644
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