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Dynamic multi-objective optimization algorithm based on multi-regional
center point prediction
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Abstract: Inreal life, there are many dynamic multi-objective optimization problems (DMOPs), which require algorithms
to quickly converge to the new Pareto front and maintain the diversity of the solution set. As the complexity of the Pareto
front increases, this problem is more prominent. For this problem, a dynamic multi-objective optimization algorithm
based on multi-regional center point prediction (MCPDMO) is proposed. Firstly, the population is divided into multiple
sub-regions according to the degree of environmental change, which makes the allocation of individuals more adaptable
to the dynamic environment. Then, the center point of each sub-region is calculated respectively. The time series are
established with the center point of different sub-regions at different times, and the difference model is used to predict
the optimal solution set of the new environment, which improve the algorithm’s ability to respond to changes in different
environments. To verify the effectiveness of the algorithm, the simulation experiments are conducted on 10 test functions
with 3 dynamic multi-objective optimization algorithms. The results show that the algorithm exhibits better convergence
and distribution in dynamic problems with complex Pareto front.

Keywords: dynamic multi-objective optimization; multi-objective optimization; evolutionary algorithm; prediction;
degree of environmental change; sub-region
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1.106 5 e-2 (3.011 1 e-2)
1.7441-2(1.537 6 ¢-2)
1.4258¢-2(2.4564 ¢-2)

1.1198e-2(5.3452¢-2)
1.704 6 e-2 (1.701 7 e-2)
1.4081e-2(1.0750e-2)

0.6

0.7

3.9336e-2(3.078 8e-2)
1.923 3 e-1(1.004 8 ¢-2)
3.2322e-2(2.703 5¢-2)

3.9411e-2(4.906 6e-2)
2.0144¢-1(1.7863 ¢-2)
3.2111e-2(2.1327e-2)

(T¢, ) instance 0.2
dMOP 1 3.9147e-2(3.2790e-2)
(5,10) FDA 1 17957 e-1(2.0149¢-2)
Fun7 3.1662¢e-2(2.1432e-2)
dMOP 1 1.1079e-2(3.2790¢-2)
(20,10) FDA 1 1.7322e-2(2.0149¢-2)
Fun7 1.4417e-2(2.1432¢-2)

(T¢,mt) instance 0.5
dMOP 1 3.9522e-2(3.1121e-2)
(5,10) FDA 1 2.0514e-1(1.0466¢-2)
Fun7 3.1155e-2(2.1344¢-2)
dMOP 1 1.1176e-2(3.1121e-2)
(20,10) FDA 1 1.932 1 e-1(1.046 6 ¢-2)
Fun7 14175e-2(2.134 4 ¢-2)

1.120 1 -2 (3.078 8 e-2)
1.8368e-1(1.004 8 e-2)
1.4233e-2(2.703 5¢-2)

1.1219e-2(4.906 6 ¢-2)
1.9417e-1(1.786 3 e-2)
1.4209e-2(2.1327e-2)

0.6,0.7. F 1 A NN, =10,7, =5Fn, =10, 7, =
20 i, MCPDMO 5H3:7E F, 5 B AN [F{E [ MIGD i 4t
it BRI, 2 F, = 0.4, FDA 1| fl Fun 7 $4 BL 3
TR, AMOP 1 fEM B A n, = 10,7, = 51,
F,=0.2 R 3R 8 Nn, = 10,7, = 20/}, F, =0.3
RIBLF. 276 EA R &, F, 550.4.
4) % L Sk B E . KF S Q A R X £ 40 B (1)
77:%%13%%%0.04 F10.01. PPS 5% AR (p) A 74
=23,k p 3. SGEA ik A XK p. = 1.0,
ﬁ%ﬁ‘ﬁh’;ﬁzm =20, ME p,, = 1/n, KA MIEEL
N =20.
3.3 FMIERR
K A TR AR R B
IGD)B% F(i] ¥ i & (spacing metric, SP)BU g FRIEN

(inverse generation distance,

Pt H BRI 2 S R, AR IGD H 58 X
> d(v,P")
tx t\ _ vEP*
IGD(P ,P)_i‘Pt*‘ ) (16)

Hordrt A2 aT I 2, P ONBRAR R B SZ PR B 1 418
SIRFFE L PYORSENEAE 3K 23 (8] 1 3R 43 1 Pareto fi#
&0 NP G d(v, PY) :Jlenpnt | F(v)—F(u) ||~
v 5 Pt ZEBE S | P O P (3. IGDE A — 4
RE FE bR I B 2 3 SE I Pareto R ¥ B 55 3R15 18
fBA Pareto | ¥ (1) BE 25, IGD {H Bk /)N, 3 B 50353845 11
1 fBA Pareto HiT VA 15 3 S HT v Bk 40T, S0 B WS SiotE AN
PR FR) 73 AT LR AT . MIGD NSRS AT v e ] By Y
S AR B IGDEE*J%’ME MIGD & X 41T

Il ZIGD (P™,PY.  (17)
teT

Hod: T y— ka8 47 10 B BN 8] A5, | T 8 T 1) 2
MIGD B8 /N3 BH B3 (R USCSSUI: AR 1) AT R TR
SPSFREE B A Pt Ak, 5

MIGD(P"™, P') =

Pt
1
SP = JIPtHZD D)2 (18)

Horp: D, N PR ¢ NIRRT A O RK IR R
5. D ND,; %A, D; € N

Di = min szw—fj(u))?. (19)

u,vE Pt e
MSP & SR
> sp(p!
MSp=*T (20)

55 SP—#, MSP /N, R W SR RAT (1 g8 0 Ak )

PR AP SO

3.4 EWHERKSH
1) IGD PEBEPFAT: 4 Fh B2 AE 10 /NI R £ |4y

W ST B AT 20 YR HEAT X B S BT AT ek RE VAN T
P IGD HI Gt v 5B AN 7 22 402 2 B, Ferbo ik &8 4y
FNIGD PEREFRFR P I E D, R R R B R
U RSSO A 22 B . B 3R 2 W DL, A X FA 455 AR A AT
oy LS F A O, BTt SRR AR D0 20 DA o 1
IGD AL F Hofth 3 Fh &35, iX A3 26 T 2 X bty 56
W %o USSR P B 2 FE A (1) P 1. SGEA BIETE 5 AR
SRR PF AN B I ek B B R I, 45 2 T 1%
SRUVEAE LG P 58 AR A B 6 2 H A 858 43 A P R G i 4
(1) R .

BT IR AR AR 7 B 20 [ 1F L, BT
E R 4 I R e H 3R A5 8078 (1) 1GD {8, MOEAD-
KF %95 7E dMOP 1. FDA 1. Fun 7. Fun 8 Jlli % %% _E
. B2 4 P EELE DA 26 2 DF 2. FDA 2, Fun 7.
Fun 8. Fun9. HE 2 [ 1GD fh £k I, iy K 2 7] I, Frdi
VR TE R0 2 I pR 4 1 IGD 1 /s Ho il 28~ %3,
7 ] MCPDMO HLIE 3R A5 fiff 4 B8 4210 H. 52 1) Pareto
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instance (T¢,mt) KF PPS SGEA MCPDMO
DF2 (5,10) 2.1818e-1(1.3259¢-1) 5.9952¢e-1(4.0373e-1) 1.2223 e-1(5.140 0 e-2) 14653 e-1(9.640 5 -2)
(20,10) 2.9080e-2(2.2997¢-2) 1.2312e-1(1.2923¢-1) 1.0247e-1(5.1206¢-2) 2.6331e-2(2.2646¢-2)
IMOP 1 (5,10) 4.8752¢-2(1.3808e-1) 1.6723 e-1(4.507 0 e-1) 1.044 0 e-2 (2.767 5 e-2) 4224 6e-2(1.2958e-1)
(20,10) 6.1734e-3(1.8874e-2) 2.9608e-2(1.8710e-1) 1.0254e-2(2.7227e-2) 1.1198e-2(1.691 5e-2)
DA (5,10) 2.8240e-1(2.4380¢-1) 1.750 1 e+0 (1.568 9 ¢+0) 4.800 0 e-2 (3.464 8 e-2) 1.768 1 e-1(1.2138e-1)
(20,10) 1.1341 -2 (4.896 6 e-3) 8.4774e-2(3.8495¢-1) 2.1999e-2(1.3883¢-2) 1.704 6 -2 (4.898 7 e-3)
FDA2 (5,10) 1.8982e-1(1.7369e-1) 42053 e-1(3.7052¢-1) 2.6520e-2(1.2064¢-2) 1.1133 -2 (1.029 7 e-2)
(20,10) 1.8359e-1(1.5525¢-1) 1.8897e-1(1.6200¢-1) 1.6478e-2(1.2840¢-2) 5.6326¢e-3(1.1482¢-3)
FDA3 (5,10) 4.5662e-1(1.7773e-1) 1.642 1 ¢+0 (1.482 6 e+0) 8.5423 e-2 (6.508 6 e-2) 1.1259¢-1(8.128 1 e-2)
(20,10) 2.9258e-1(1.5246¢-1) 3.8074e-1(2.2220e-1) 53304 e-2(5.6579 e-2) 6.9861e-2(6.6198¢-2)
FDA 4 (5,10) 1.509 5e-1(8.0753 e-2) 4.0279¢e-1(2.7195e-1) 8.443 0 e-2(4.3996¢-2) 2.8102e+0(3.191 7 e+0)
(20,10) 5.4383e-2(5.2209¢-3) 8.9170e-2(4.6017e-2) 5.1876¢e-2(1.9723 e-2) 2.4545e+0(3.1049 e+0)
Fun? (5,10) 3.2149e-2(3.534 1e-2) 1.0897e-1(9.7122¢-2) 23024 e-1(2.7890e-1) 3.089 6e-2(3.4911 e-2)

un
(20,10) 8.5396e-3(5.2272e-2) 1.8874¢e-2(4.7140¢-2) 3.3462¢e-2(2.3342¢-2) 1.408 1 e-2(1.4005e-2)
Fung (5,10) 1.9764e-2(1.5353 ¢-2) 17143 e-1 (5.946 4 -2) 3.9370e-2(2.409 7 e-2) 1.656 1e-2 (9.747 5 e-3)
(20,10) 5.6824 e-3(2.3522¢-3) 1.7304e-2(1.763 7 -2) 3.3510e-2(1.9399¢-2) 7.6605e-3(2.1644¢-3)
Fun9 (5,10) 7.9711e-2(1.1067e-1) 4.3437e-1(1.7162¢-1) 9.2993e-2(1.2125e-1) 7.549 0 e-2 (1.066 8 e-1)
u
(20,10) 4.4918¢-2(1.003 6 e-1) 5.6881e-2(1.1683e-1) 7.8380e-2(1.134 1 e-1) 4.4278e-2(1.0035¢e-1)
HE2 (5,10) 8.0153e-1(4.4563 e-1) 7.8315e-1(5.0519e-1) 2.4255e-1(8.125 1 e-2) 2.3426e-1(2.5197 e-1)
(20,10) 5.4032e-1(4.4353¢-1) 1.644 6 e+0(2.986 2 e-1) 2.2750e-1(7.8175¢-2) 1.542 4 ¢-1(8.559 0 e-2)
2.0 2.5 1.5
1.5F 2.0 : 105

: A 1.5/ : :

210 : P

' 0.5 : '\ N

0 S

(b) HE2

40 60 80

(e) Fun8

100

— — — KF

2 RESFAESMK R IGD Xtk BB R n, =10, 7. =5

ATy, B AR €. X #4521 T MCPDMO 5
R 22 A0 m T SRS, AT DL 78 2 3R A [F) S 7Y
HIHT AR AR HO AR 1L.

2) SPYERE VAT : 4 T SELVEAE 104> I 1k ok #e - 7)
BT IS AT 20 AT 6 L SR B T, M BEAE A 4R
b3 SPHIGETH BB AN T Z2 38 3 s, AU R AE &
ANIREE NI A V. B33 ) I, B0 FR AR A A A
7 S [ B, T SR AE 1000 ek b 7 />0
B B SPAEAL T HA 3 M B, R B E R T A
[7) 7~ DX AR ARSI ORAIE T e £ 20 A 28, {ELAE

TR PR EUFDA 1 f1FDA 4 0% % T SGEA H.yk. &%}
INESAR AL AT 7, B 20 1A L, BT HE RV LE 104N
TR BRI F 5 AR BR L 1) SPAELAL T HoAth 3 R VL,
1M SGEA 575 1E FDA 4 I i, MOEA / D-KF 5% 7E
dMOP 1.FDA 1.FDA 3. Fun7 b#Al. JGH 435547
A% 7, B 5 I5F, MCPDMO .35 B A B B it 34, %
WA BT 42 H AR00 BB 6 B 47 M CR AR P 11 22 o M N 20 A
P, H 5 REIE BRI Z1 AR 4k 14 38 35, MCPDMO 1t 4 fif
(1 At bl o A ] ) DX 3k, PRAIE T SRV IR o A Pk
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KF

PPS

SGEA

MCPDMO

2.3318e-1(1.5230e-1)
2.9080e-2(2.2997e-2)

2.9718¢-1(1.7610e-1)
1.103 1e-1(9.8783 e-2)

2.3310e-1(1.6182¢-1)
2.808 1e-1(1.4410e-1)

4.9607 e-2 (3.086 S e-2)
1.1875e-2(1.039 0 e-2)

2.5060e-2(7.0224e-1)
3.4319e-3(1.2284 ¢-2)

3.789 5 -2 (8.699 6 e-2)
8.4297 -3 (4.0507 e-2)

2.7720e-2(3.459 1 e-2)
2.1883e-2(3.2270e-2)

1.7001 e-2 (3.909 9 e-2)
6.1584¢e-3(1.1386¢-2)

2.1476¢e-1(1.7679e-1)
1.462 0 e-2 (5.787 7 e-3)

4.2285¢-1(1.9702¢-1)
3.9795e-2(8.1678¢-2)

6.0437 e-2 (4.616 6 e-2)
432662 (4.1184¢-2)

1.2442¢-1(7.990 0 -2)
1.997 4 e-2(9.666 5 e-3)

8.8785¢e-2(8.5077e-2)
9.428 4 e-2(8.908 2 e-2)

8.1040e-2(5.7050e-2)
1.8897¢e-2(8.828 6¢-2)

6.1682¢-2(4.8975¢-2)
4.9662¢-2(6.203 4 ¢-2)

2.0302e-2(1.880 8 e-2)
9.264 0 e-3(2.4622e-3)

1.2324e-1(9.0563 e-2)
7.4767 e-2 (4.559 8 e-2)

2.3262e-1(1.6959e-1)
9.1410e-2(5.2344¢-2)

1.6047e-1(1.6009 1)
1.4399¢-1(1.5429¢-1)

1.0017 e-1(4.717 8 e-2)
9.0182e-2(5.2811e-2)

1.2690e-1(6.247 4 ¢-2)
5.1890e-2(4.083 7 e-3)

1.891 1e-1(8.2259¢-2)
6.1169¢-2(3.100 1 e-2)

7.0745e-2(3.773 0 e-2)
4.562 4 e-2 (1.009 6 e-2)

3.8630e-1(1.2644¢-1)
3.8392e-1(1.0232e-1)

8.8356€e-2(1.1208e-2)
2.6440e-2(1.5739e-2)

2.8148¢-1(2.5041e-1)
4.6017e-2(1.2116e-2)

3.9195¢e-1(5.0449e-1)
9.7887¢-2(7.3113 ¢-2)

8.3429e-2(1.0428e-1)
5.0989¢e-2(4.8313¢-2)

5.5930e-1(6.2599¢-2)
1.1156e-2(9.7102e-3)

4.8955e-1(1.7930e-1)
4.7882¢-2(6.9483¢-2)

8.2375e-2(6.9657 -2)
7.9614 -2 (6.6269¢-2)

1.1813e-2(1.424 4 ¢-2)
3.9707 -3 (2.0811 e-3)

2.0326e-1(2.7891e-1)
1.1559e-1(2.401 8e-1)

9.9159¢-1(3.136 1 e-1)
1.5023 e-1(2.8387e-1)

2.0052e-1(2.6565¢-1)
1.9489 -1 (2.6962e-1)

1.9367 e-1 (2.695 6 e-1)
1.128 6 -1 (2.380 5 e-1)

2484
instance (7¢,mt)
DF2 i)
dMOP 1 ((25(;,1 100))
FDA | ((25(;}10()))
FDA?2 ((25(;’1 100))
FDA3 ((25(;,1 100))
FDA 4 ((25(;}10()))
Fun? ((25(;’11"0))
Fung ((256,1103)
Fun9 ((25(;j1°()))
HEZ o)

1.3539e+0(3.228 2 e-1)
1.1204 e¢+0(4.080 1 e-1)

1.1376e+0(3.421 8e-1)
1.494 5 e+0 (1.049 6 e-1)

6.2289¢-1(3.1332e¢-1)
74272e-1(1.4192¢-1)

5.1640e-1(2.5575e-1)
5.4410e-1(1.7378e-1)

O 1 1 1 1
0 02 04 06 08 1.0

e

/i

0 1 1 1 1
0 02 04 06 08 1.0

S

Ve

+ *+ o p
~~~~
LT T
BL—Wn
[e>Yelen)

Ve

/i

0 1 1 1 1
0 02 04 06 0.8 1.0

=3 2.0 =20 10 %A . =10
~10 . =25 ci=17
=30 1.5 = =30 + 1=40
=40 + =50
2 1.0 S 0.5

0.5

O 1 1 1 1 1 1 1 1

0 02 04 06 08 1.0 0 02 04 0.6 08 1.0

/i v
(a) MOEA/D-KF

=3 4 =20 1.0 =10
=10 5t - 1=25 e =17
=30 . *1=30 v 1=40
ool L[ Hese|
w—a| < 2L 8 0.5

1

0 1 1 1 0 1 1 1 1

0 02 0.4 06 08 1.0 0 02 0.4 06 08 1.0
/i /i
(b) PP

O I I I I
0 02 04 06 08
Vi

(d) MCPDMO
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1.0 1

0.5

0 . .
0 02 04
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HH IGD 01 SP 1t B& 48 475 73 B 2 W, P4 Hh 50048
HAh S B A R, 7 WA [R5 %) 4 Fp 3%
73 380 R A2 1 0 A 17 O, 38 OO K BR B Fun 7 7E ¢ 5
10. 30, 40 If 4 FhEEAT BN, 45 R an & 3 . B
3 0] UL, 4 Fh B3V B 2 I T fr BB, R AR 4T
{H,& MOEA / D-KF F1 PPS [f] 73 A K S8 55 2. SGEA
SRE AR SR AT 1 A L 38 50, (H R Sl B 22 T
X MCPDMO i &, £ 7 HH it L2 B T BT 12
. U R 2 Fun 8 7E ¢ 4 20, 25, 30, 50 B ZI fif
(504, 25 T 3 frzs. B B3 A 0, oAt 3 b 934
AN BEAR 17 M WS S 3L SE T U, 1T MCPDMO T fR UE
SR 14D ] B A A 1 23 AT AR 35 50 R, 38 B K R
$Fun 97E ¢ 410 17 40 B ZIA 1) 53 A, 45 SR i1 3 B
. P 2 A [ I 20 B SR T, RO AN R 205K
B fRE. B3 AL, MCPDMO 5032 5 J2T B S i
HAr s 5],

gf ] L B R s Sk gy i 1 T R A 4
it 28 AN [) - DX 35, 3 3o R — 7 DX sl H 0 i 3 ST N ]
¥4, M 8h7s % H AR AL 1] 75 (0 3 55 A8 AL, AN TR
DX 355 1) Bsf ) 51 [ B 6 32 38 358 1 1) e A At a4 i
DU TR] B 4 6 I SR e AR P IX 3t HH T A A it 43
i PR 7 9 AT LAASE Ao B 23 A1 52 0 34 50, (] e 22 A4
DX 355 PR H o RS FOOIN A 55 B v, 45649 T 8 th SRR AE
IR S B 1) [ B LR 3 2 REVE AN 2 A . 8 S
MOEAD /KF.PPS. SGEA H% [ 546 45 I Lb 5 T 15,
MCPDMO 53 RE B 4 i 3d B B A PR A2 4k
4 4 »

T EhA& % Hbsid LR S, WA R A1k
I, fnA] K 38 B2 AR AL 1) PF B8R PS FF 4R 55 B 17 (2 A
Ve HAZ O WL AR SRR T — Rk T 2 XK
RIS L B AL S, 12 S AR A 5 AR L ™
T2 FEHE AR 3 B A 6] 7 DX, H55 AN [F] - X 3 o
O R ST ] 7 51, R FH — i 22 2 A5 2R 6T 1) ) 71 3
AT TR, 2L AT v ) PTG R A A

FIH 2025 2 B bR br DA 1m) 505 3 R vk
TEAN RIS T HEAT M BRIk, 45 R W B de th ke
% OB B ARG PR H AR PR 0. (0, X T3 H
P T e 8, WSRO PR R — 2P . e Ah, SRR AR
i PR 1] RS A R B2 2 ELRARE P A i, 5 T T
I EAG IR KPR, & A SRAIF T 11 2 55
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