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(LERFRFEFE B TRSE, &k KF 1300005 2.8 8 AREFREHFIR SR RE S LEE(KRERF), &
K 130022)

HE AR R ARAKAL (grey wolf optimizer, GWO) ik £ B SR Ao b BT L AT HF P, 4t P2 AT %
Sk 2k A FORAAL L % (multi-strategy grey wolf optimization, MSGWO) . & s, &k F ik 71 N3k &KMok 4L B F #= Tent
SH B AR IZF T HERF I FWAF I AR £ GWO AL AR P B AR, B A R4 A AT R ek 3 A K
PR S HRIRAL B Ao B o By R A AR, BT AR R B BORK, R R Sk AR AT ATk, &R 27, MSGWO #
EMABIFH AR E RTT R TR A AR F ey sk B, kel b A MSGWO kb Fk AW %
(echo state networks, ESN) A8 K 34T = )2 Tl , 2 3a R W P39 L3t B iR £ 4 0.38%, &4 A %) 0.98, ToiE T
MSGWO X i ¢ h AL P 4t

KR RIRKACT % % Rk S A KA T = B REM L

HE 525 :TP301.6 SCERARARED : A

S| R R, AL 0T, 55, BT 2RSS & R AL T SR [ T IR R 223k (B4 ) ,2024,59(3) :51-60.

Grey wolf optimization algorithm based on multi-strategy combination and its
application

QIN Hongwu'?, WANG Lizheng'* , FU Yu', SUI Muxuan', HE Binggao'”

(1. College of Electronic Information Engineering, Changchun University, Changchun 130000, Jilin, China; 2. Jilin Provincial Key
Laboratory of Human Health Status Identification and Function Enhancement ( Changchun University ) , Changchun 130022, Jilin,
China)

Abstract: The standard grey wolf optimizer (GWO) algorithm has issues such as difficulty balancing local exploration and global
development. A multi-strategy grey wolf optimization algorithm (MSGWO) , based on the fusion of various strategies, is presented
to address such problems. First, the grey wolf algorithm introduces the Tent map and a nonlinear convergence factor. Then, to coor-
dinate attempts in the GWO optimization process, the paper applies three learning strategies: extensive learning, elite learning, and
coordinated learning. Finally, the paper uses roulette wheel for strategy selection to obtain more diverse wolf positions and globally
representative individuals and utilizes benchmark function testing to compare algorithm variations. The outcomes demonstrate that the
MSGWO algorithm has a faster convergence speed and a good balance between local development and global search. Based on this,
the echo state networks ( ESN) hyperparameter for regression prediction is optimized using the MSGWO method. The experiment
demonstrates that the MSGWO algorithm performs optimally with an average absolute percentage error of 0.38 percent and a fitting
degree of 0.98.

Key words: grey wolf optimizer; multiple strategies; roulette; convergence factor; echo state network
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RN iy W A = R 3 Il 35 € o 8 W 1 (A A3 W20 )5 1 W L M -3 7 e R 1 I 2 N
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o) A LA R e
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T W 25 A B, 3% B A T RE 8 1R 1A TR o A 1 i e T B2 R DR ) A SRR B RN R R Y B M) %, Xiong
AEIODS A My B 2R B S 22 M SR AR A | $ R T AT O i ST BE ) AU S EBE . Wang S5 R
L SR SR AR A N TG A s | AdE N T B B A A A ] [ B A AR R BB 1, Du 2512 SR FH 3l 2840 1k 1 SR s
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WF5E N DK 22 S ms SRR N FH BRI e UL AL 5 Rk IR m ke . 454 2R RS BRI e
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LIREAR & A SO 22 SR AR PR AL 25 A IR BR 58 20 A0 BE ML D 2 SR B rp 4t —
FhIE T 2 W25 A ORI AL E T

1 KBRMEMESE

POARAVER TR EE , AT E N ERXR, Him KROPAT ISR R AR SR A
SGARZE, MKFIWAFFE 24 Mirjalili %Y F 2014 4 ORI A SR A 1 R 45 31 5K 42 R IR AR 33

TEFRUE GWO H  IRARFH A 75 L5845 AR Ja AT B RS ), S e MR BGh A8 . OR SRS W 7%
A S ACESEEY . R, B o R B IR 6 MRS SIREER B B AR R
D,=IC,-X,-XI,
D,=1C,-X,~X|, (1)
D,=1C,-X,-X|,
X D, Dy Dy 10K a R BIRSIRYE o RZIAHYFEE] ] i, o TR AR X AR A AR A7 1) 4t
C,.C, .C; fRRREHLIA &, X« IR BIR 6 IR X, X, X, AR a TR BAR & TR E ] 5,

TIAMEHE o TR BAR O TRAY YT B S w IRZ A ) i, 5 20 H 1 5 [l ) i, Bee A URoR R
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XZZXB_AZ‘(D5>’ (2)
X;=X,-A;-(D;),
XA A, A, HRBAE X, X, X, ol BIRSRE o JRZEHY TSI [0 &,
[RIMF, o AR B AR (& TR I AE Wy (o 1, T ABAR I BEATL SR A 400 o PR O 2 B, BT o0 RS o A 5K
FmH

X, +X,+X,
X(t+1)= 3 : (3)
P X(e+1) T —APARARALE ¢ Ry AR IR
A CoiERm N
A=2a-r,-a, (4)
C=2-r,, (5)

L a J&— M2 B E 0 ISR T, r, o, JRTEL 0, 1] Z RPN BEAL I 55 C J2—A4> 0~2 AYREALIT &,
RERS AT AR o A UPAR B Y BEAILYE , bk R A i AT , € (EBORAEE R, WS 13

a=2[1—;j, (6)

b TR RIEAUEL,
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AT Z2 5w AR PR TILZS 5, SR 3 SRS AL R B89 00 X PR B AT ST [ b e
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X,=rand- (X,-A,-(X,)),

X, =rand- (X,;-A4,-(X,)), (12)
X, =rand- (X;-A4,-(X,)),
Xa+Xh+Xz:
X(t+1)= 3 , (13)
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Fig.1 MSGWO algorithm flowchart
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Table 1 Unimodal standard reference function
Fikk YiJig HRIX [H] AE
i)=Y« 30 [-100,100] 0
i=1
JACIEDINEARS | BFA 30 [-10,10] 0
i=1 i=1
H(0=Y (X x)? 30 [-100,100] 0
=1 j-1
fi(x)=max,{Ix,|, 1<i<n| 30 [-100,100] 0
n-1
fi(x)= 3 [100(x,,—x7) +(x,~1)?] 30 [-30,30] 0
i=1
fo(0)=Y, ([x,+0.5])* 30 [-100,100] 0
i=1
f,(x)=Y ix!+random[ 0,1) 30 [-1.28,1.28] 0
i=1
T2 ZUEARUESLUME R
Table 2 Multimodal standard reference function
Fik Y Jig R [H] YU RIER
fu(x)=Y, —x, sin(/Tx,1) 30 [ -500,500] -2 094.9
i=1
fo(x)= z [x>=10cos(2mx,) +10] 30 [-5.12,5.12] 0
i=1
fio(x)=-20exp (—0.2 /l/anf —exp (1/n Zcos(ZTrx,.) ) )+20+e 30 [-32,32] 0
i=1 i=1
fu(x)=1/4000 Y x*= [] cos(x/ i) +1 30 [ -600,600] 0
i=1 i=1
n-1
fulx)=m/n{10sin(my, )+ Y, (y,=1)>[ 1+sin(my,, ) J+(y,~1)7]
= 30 [-50,50] 0

+ u(x,,10,100,4) , y, =1+ :
i=1

x;+1

BEAh , ARSCiE X MSGWO 5k AT 1 38 4 Jy ik, A RS BRI AT 0 DR HEOU A 31 LU e i o
AR AL 575 1 A8 1R 5 MSGWO B3 HE 47 % Ll 55 56, b R AR A 1 55 0% A8 14 f 4% MIGWO!') |
MAGWO'™ | S T3k IS F i, B PR S804 P, SR T 30 YAl Sz M, 9290 18 & 500 YRR AL, 30
ST )RR A, B30 IRSEIZE AP KA RE L S I i BEAIL I, B PR SC IR 45 R B S &, TR, B 30
RSB 25 TR bR 25 3R S AR 2 P, e L SC R A SR s BN . SEIR A RAT LN 3 4 PR,

F 3 G R B RN Lt

Table 3 Comparison of experimental data for unimodal functions

GWO MIGWO MAGWO PSO MSGWO

A 7.50E-28 2.78E-36 2.22E+03 3.85E-04 0.00E+00

h FrifE2 1.46E-27 4.03E-36 9.25E+02 1.40E-03 0.00E+00
_ YA 1.18E-16 8.47E-22 1.71E+01 3.93E-02 5.25E-219
/. FrifE % 1.23E-16 1.15E-21 4.42E+00 4.76E-02 0.00E+00
_ FIME 2.63E-05 1.56E-06 4.42E+04 8.44E+01 0.00E+00
/i R (iP= 9.73E-05 4.85E-06 9.28E+03 2.34E+01 0.00E+00
_ FIME 5.02E-07 2.32E-09 8.57E+01 1.10E+00 7.80E-291
Ji R(iP= 5.07E-07 3.34E-09 4.88E+00 2.05E-01 0.00E+00
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S

GWO MIGWO MAGWO PSO MSGWO

XA 2.71E+01 2.68E+01 2.47E+06 9.96E+01 2.79E+01

fs PrifE2: 6.72E-01 6.40E-01 1.58E+06 6.51E+01 7.37E-01
S 8.51E-01 6.86E-01 2.73E+03 1.48E-04 1.81E+00

Js brifE22 4.45E-01 3.55E-01 8.68E+02 1.38E-04 7.56E-01
I 2.00E-03 1.50E-03 1.33E+00 1.84E-01 5.30E-05

/i FRifE 2% 1.10E-03 6.94E-04 6.06E-01 6.87E-02 6.84E-05

K4 ZWERBCREEN

Table 4 Comparison of experimental data on multimodal functions

GWO MIGWO MAGWO PSO MSGWO
SEHAME -6.03E+03 -5.55E+03 -4.49E+03 -4.89E+03 -5.82E+03
fs FrifE2 9.65E+02 1.23E+03 2.87E+02 1.28E+03 1.47E+03
SHAME 2.74E+00 1.82E-01 2.44E+02 5.94E+01 0.00E+00
/s b2 3.49E+00 9.98E-01 3.42E+01 1.56E+01 0.00E+00
XA 9.62E-14 2.29E-14 2.00E+01 2.76E-01 4.20E-15
i PrifE2: 1.37E-14 4.70E-15 5.70E-03 5.55E-01 9.01E-16
SEAAAE 7.65E-04 8.53E-04 2.73E+01 7.60E-03 0.00E+00
Ji FrifE 2.90E-03 3.30E-03 1.42E+01 8.70E-03 0.00E+00
_ FHE 5.27E-02 3.59E-02 2.75E+06 1L.04E-02 1.46E-01
i brifE 2 2.97E-02 1.52E-02 2.58E+06 4.17E-02 7.06E-02

H13 3 4 ZE5 T Al MSGWO TE £, fy Sy SioJo o Jro Sy BREC UG TSR PLARROCR B R 3 Y
GRS LPRE O 4R . PSO FENITE ST AITE £, | f,, PR E UG T Jeft, MIGWO B3k 7E R AL f; b HUS
T, MAGWO B3k 7E R AL f, LIS T &k, 2T A sRE0h, brifk GWO ¥R BUS SRR . X e
MSGWORIETE f5 \ fo Sfs [ PREL LRI, PSO SIEFE PR L f, L BEAE T MSGWO F3 , e ik |- MSG-
WO BRI RN G HE 3 MEIEM 2D R EATERRET) . XA SIS L4553, MSGWO Hiik
A I AR S

S L R A U M R B e S 6 50 o LR M AT A T, X Ak A RS AR R e R A T SR
Al LARA % B MSGWO B L 7E T s EARE 22 /N, B MSGWO 8.3k g AR Az e v, R, Xt 3 #h
MG AT T A DL e WP & B LA AL M RE , 050 5 I Al O, S8 2 B MSGWO Fik it .

BRSO B TR RE NI 2 Frw A T LT AR R AR AR IR B f, PARSE ROR SN, MSGWO TE
Ab PR ESEAE R BT B P A R I SGR . RS RO IS B B T 3 Mok, R
BT, SSCHEA BA8 R AL, W1 AR AR LA K5 | AJES ISR )5 , MSGWO B vk U Sl B RS B2 B 12
DA e ST 4 oy T Ry R4 2R A 45 T LA AR SR R B,

4 SRR R AT

41 MSGWO-ESN %%

] RS W 25 2 H.Jeager 1 H. Ass 7E 2004 4F48 i —Fho 5030 U 28 ] 4[] R 2850 D) 4% el FH ik
o MORAREAL G238 T P 2 28 [ I BR & J2 , XOFRMG & 114 (reservoir computing, RC) . HBEAL =4 KL
AR I 2 42 0 it A L, SOk J2 SRR B | 06 H0 )2 ROAELRE R A Tl 2, BEAS SEVAREUR: A A0 i 48 il LA
it B ) JB P AR RS DRAE AR LM Ty i U1 i 25 22 0 10 J2 O ASU(E R AT SRASA0 R PR RE . 1A 1 & B
AT EIN GRS EE D I U S E O B 0 2 OCH 2 A SCR H MSGWO F i 4 X HA #5-th4>
B R EW R P A, T, A LS BRI TR R 2 ST AN N, R B N (R T
FRAE BE B g BRI I 2 R BORCRR T, B G i LG s ARG |, 2% 2 2R R A i 461 179 i o B2 1) R S 48, B 2
) BRI FRERT, I, R T RS T AR AR B A IE W R IR E IS B T A S AR ) R i
Je , IE AR R —Fa] DR R I i 405 B ) R 2R 8 AT DGl ol U i A ) 40 (AR A AU g e | o
REAE AN [R5 150 0 B8
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Fig.2 Convergence diagram of function f,—f,, curve
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FE e v A R I TN | DA 0T R 0 e R 0 fr R BB A TR , MOZ B S AT A BRI B B e X 42 . BdE gk
U T IRBEIREE (AT) B E 7 (RH) AEXTERES (RH) CHES 25 (V) Bk 1 (PE) IBEA GEHH4R-E
4.3 HRWIESHH

T RS2 PREE A — o | SCEG KR SR A SCAR SR 500 YRIEAC 30 SRR EfT 4R &, ESN
TR X RO AT I G AT, 43 510K FH 9 568 ZH %4k , 156 B 80% 1 A Il 24 , 20% 15 hy T B4 . X kb
ESN LSTM .ELM ,GWO-ESN MAGWO-ESN 2§57 | 4 %iE MSGWO X} ESN (WA fLak SR, Fe &k B
K4 xHR 2 (MAE) H IR 22 (RMSEP) 346 5% H 43t 22 (MAPE ) UK bk s 250 (R™) 1E e 5L
P, BII7 1525 (MSE ) 2 TN 5 SEPRE 2 22 97 7 3 2B, MSE [R(ELER /)N, 15 B T 00 45 76 EL A5 47 () K
WORE  SEERZh Rk 5,

=5 SLIREEREHRXT L

Table 5 Comparison of experimental results and data

MAE MAPE RMSEP R’
LST™M 3.700 4 0.008 1 4.708 6 0.945 05
ELM 3.2627 0.007 2 4.1819 0.938 56
ESN 3.5327 0.007 8 4.4521 0.930 25
GWO-ESN 1.967 1 0.004 3 2.506 8 0.977 88
MAGWO-ESN 1.986 2 0.004 4 2.524 6 0.977 57
MSGWO-ESN 1.7251 0.003 8 2.1988 0.982 99

FER 5 AT, 6 FhAs X I35k 4 35 A7 B 4y i HE B 4, MAPE B AIKT 1%, [HEXT AR #E ESN 7Y
MSGWO-ESNE. %153 1) MAE #2£7F 51.1% ; MSGWO-ESN . #1531 f) RMSEP 27} 50.6% ; MSGWO-ESN
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Fig.3 Comparison of prediction results
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