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Abstract: Compared with traditional swarm intelligence optimization algorithms, the Whale Optimization
Algorithm(WOA) has better optimization capabilities and robustness, but there are still problems such as
limited global optimization capabilities and difficulty in jumping out of local extremes. Considering the above-
mentioned imbalance problem, a multi-group population division idea with vertical and horizontal bidirectional
learning is proposed. The subgroups are independent of each other, and the individuals in the subgroups are
affected by the optimal values from both the horizontal and vertical directions, thereby avoiding the local
optimal and getting the balance between exploration and development.For all individuals in the vertical
population, an individual replacement strategy with linearly decreasing probability is proposed to promote the
information flow of different subgroups and accelerate the algorithm convergence.The selection of strategy
operators is based on the historical evolution information of different individuals, which is different from the
existing strategy operator selection methods based on random numbers.The benchmark function is used for
cross-document comparison. The numerical results show that the algorithm in this thesis has good superiority
and stability. It obtains global extreme on most problems and has good problem applicability.
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8 e-229 0 e-226 0 0 e-004 —11793 2.984 e-016 0 e-032 e-032

& 3 ANEERMES Ko kY EER BRI ER EFR(D=30)

S Fy Fy Fy F F; Fy Fy Fy Fy Fiy Fyy Fiy Fi3
9 0 0 0 0 2.87 0 e-004 -11026 8.954 e-016 0 e-032 e-032
10 0 e-164 0 e-168 0 0 e-004 11977 1.989 e-016 0 e-032 e-032
11 e-264 e-133 e-260 e-134 0 0 e-004 -12569 0 e-016 0 e-032 e-032
12 e-214 e-108 e-212 e-101 0 0 e-004 -12569 0 e-016 0 e-032 e-032

® 4 SMERNRRBNE LM REERR L (D=30)

F Fy Fy Fy Fy F F; Fy Fy Fyy Fy Fiy Fi3
ACEIE e-157 e-81 e-153 e-81 0 0 e-04 -12569 0 e-16 0 e-32 e-32
HHO e-97 e-51 e-63 e-47 e-02 e-04 e-04 e+04 0 e-16 0 e-06 e-04

WOA e-30 e-21 e-07 e-02 27.86 3.11 e-03 -5080 0 7.40 e-04 0.339 1.889
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SCEVEAE A I e b AT T e A, X
Fy~F, 3R AR, B9 & THHO S VA
MWOARE. 514, AXgiit 7 ER kbR
ZEARAR,  RIUASSCELVRAE I A i ek B i b v 22
i/, HHOBREE X F i SHU0RS FE i H A
FasE, FXFse A S. WO AR LA E X
Fy~Fy. FMF BA—ERRIOUH, B0 HAl
I R BOR AR 2 AR s A VAR B 22
4.4 BIHABZESMBBUEWOAT BRI LR

SCHR[2,13-16) %0 R 7/ I s 3 (F ~ Fy) i
671> 2 U6 SR AL (Fg~ Fy ) B AT A2 MUK R i) LR 4T 1
30RGLiT LI 7L, Hodh FyR i ~-418.9829D
(DRYERE), HoAh e B mAMAE HOBHET0, H
Fy, Fy, FyMF)y, FaEs A A . Ik SE
KM LRSS HOE, M M=30, &K
BL=500, #4EBED=30, BHAT30MALEL, XfLL
IS5 RUFRS PR o

Mt SRS FERE, SCHR[13] 5 kL1 50k
PSO. %7 5iEDERL L WOARE KX LA 7t %
WY, T A AN AR ADL SR R fi 04 B0
(Whale Optimization Algorithm based on adap-
tive Weight and Simulated Annealing, W-SA-
WOA)TE T S0RE B2 NS SIGH 2 77 T #8A B) 2 52 7T
ASCEIEST LU SCHR[13]), BR T Fy, F3fF SR
FEARXS RHARAS, 78 HAth 0 X B 280 1) (B 4R 0 B ST
BR[13]) 2R B — B (F, A Fy) o SCHR [14] 5 SCHER[12] BE4T
TR EERTTE, AR A8 2R SR Y AL B
(Whale Optimization Algorithm based on Chao-
tic Search, CWOA)EWSIUE . WSO . Bk

PET7 T B BOCER[12)6 BRI T, A SCHRIERR T Fy,
FME R EREFELLCWOARS 22, HoAh $ia bR & AH
Xif B SCRR[14) 388 — 30 (Fy, Fy, Fof1Fy,). SCRR[15)]
T R FHAEZEPSO. e B HEIEL
(Golden-Sine optimization Algorithm, Golden-
SA). WOASEEE, KRIUKETE I n) 3 4 1F 5% 5 f
5.7 (Elite opposition-based Golden-Sine Whale
Optimization Algorithm, EGolden-SWOA)HE A
UF ) AR RIS E I, A E LR T Fy, Fy,
FRIFTH RS IR, HAR RSB R bR AR AT ST
BR[15]) e —BU(Fy, Fy, FiofF,). CHR[16) 5 k1
BHIEPSO. 9l T REIEGSA, BT HIE AL E
AR VG AR 53 ) it 8 A0 A6 505 (the Whale Opti-
mization algorithm based on Adaptive Weight
and Cauchy Mutation, WOAWC) DL J JEA
WOARERAT T W, R4EFE LR £, &
TR g BB B AR ) g £ A0 4K 592 (Whale Op-
timization Algorithm based on Improved spiral update po-
sition Model, IMWOA) @5 75 ik i i A
LR T Fy, Fy, FsMF TSRS FERAS, AR
T BRI TR B TS AF R BL SRR [16) 4 B — B (F,
FoflFy) o e S U0, F ik ok 25 i) SR Mk P2
ARLIZN0, FE304EEARRAH A NOMTEI T, &L
ERABENE, RA S EETON MR, Hix
WAEA#EIT0. FrEA, SCHR[16]4T % B It g A
P 2 o

M EARREVEAR IR R, A SERE X Fr i 3
PARAEZE E AR, 32 K A% bR B 45 R AP AE B
PR E, FEURMEZEIIOAAM —, SEAHE

*® 5 ANXEZES WA A REIEIRATEE (D=30)

W-SA-WOA™! CWOAM EGolden-SWOA[! IMWOAL! A

P E N FHE PR 22 FEE N T i T PR 22
P 0 0 0 0 0 0 0 0 2.7¢-157  1.4e-156
Fy  257e-21  6.68¢-121  4.56e-223 0 6.69¢-202 0 8.82¢-181 0 3.8¢-081  9.1e-81
Fy 0 0 - - 0 0 0 0 1.2¢-153  6.8e-153
Fy  3.56e-94  4.90e-94 3.6e-265 0 3.58e-191 0 4.27e-184 0 1.6e-081  3.0e-081
F;  27.3357 0.2956 0.274 5.17e-00 3.75e-09 7.45e-09 4.29e-05  1.33e-04 0 0
Fs  0.0271 0.0201 0 0 6.86e-10 1.29¢-09 0 0 0 0
F,  1.17e-04  1.0E-04 3.61e-05  3.73e-05 3.25e-05 2.55e-05 0 0 1.4e-04  1.25e-04
Fy 12447  873.3422 - - ~5.58e-101  1.67e + 102  -12455.6  172.0869 ~12569 1.8¢-12
Fy 0 0 0 0 0 0 0 0 0 0
Fip 30215 1.77e-15  8.88¢-016  4.01e-31 8.88¢-16 0 8.88¢-016  1.00e-031  8.88¢-016 0
Fy,  0.0015 0.0073 0 0 0 0 0 0 0 0
Fiy  0.0785  2.40e-08 3.09e-02  1.37e-02 8.53e-14 2. 61e-10 1.68¢-08  1.70e-08 1.5e-032  5.5e-48
Fi3  0.0421 0.0289 - - 2.63e-11 6.65¢-10 5.69¢-06  1.96e-05 1.3¢-032  5.5e-48
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EHIRRE Z AL Te-04 4 . W Ke-101E N R
B, MISCHER[13-16) 517, 2, 4, 4 REUNRR E
FAIXTEEZE, A SCEVRALER XS B 1 S b v 22 55 4%
BAR,  7E HoAh v pR B A bR v ZE AN, FEARHD
=TI SCHR[13-16] A DL, A SORHFRFE &5 44 ) 2
7 AR TR I SCHR 1) 5 7 oot SR B A R )
.

FAN, SCRR[11,12,14,16,25] 8 X6F A HRAH 1] &5

B MU RIEARIRECN500, FREEZCN30, 030K
MR A5 Refe bR, TLER6.

FHRO6T A, ASCHEIETE LR g 2 g5 &
Y B2 (D=1000) M £ b, WSO BRI A T 3 Ath
FE, IR SRASN100%, FI R UF K TR
e, SRR T SCk[11,12,14,16,25)4H 3
1 et it A SV . Ak, B SR [16])% FH I
B KIERIRECN5 %105, & F AR ER XS,

WA SCREAE BN PSRN NS 1By it
Bk

N T BE— 25X BRI i JL_E (SRR g, AR
SCEICHR[12,23] BT X EEAT AT, M e Bk B Bk
SCHR A 15N SEAE R 2, PR ECRIB U L3R SRR
ASCH 15000 0 FRE THSEAA BEAT SRRt
SR AR E, RS R INER TR .

TR, 42 B SCRRAT SR I e 11
EWE, ACEENBIIHRSRAHN100%, HA

(D=1000) A, FEH T A FE R R, Hp
Rosenbrock(Fy) MPenalized1(Fyy) B H A IR B
RSB ZE oAt B BRI NS BESRAT BLUF B 42 SR AR B
AR A SO R 9 A bR B30 AT DR RIS I FE P 5 SR
XFEEWTIE . S RIASCHR B E, BT BIE N 1e-05,
N R EEWSE BTE ], WA E 3RS T 2 R
e, BIhZ (Success Rate, SR)A RISk 2] 8]
EEE NN AT AR, Bra RN
B ORIE N E T S #E (MaxFEs=15000), [t

T 6 KFHE(D=1000)i sk B E L M BEFEFRATEE

Rosenbrock Penalized1
¥IE i R % B Nl BRI
AL 0 0 100 4.7116e-034 68.6991e-050 100
SCHR[11] 1.38e-17 4.2e-17 100 4.13e-28 0 100
SCHR[12] 9.92¢+02 8.29¢-01 0 1.59¢-01 6.19¢-02 0
SCHR[14] 9.90e+02 4.51e-01 0 3.46e-02 1.76e-02 3.33
SCHR[16] 2.66e-08 4.96e-08 100 3.14e-09 4.24e-09 100
SCHR[24] 0.3318 0.3973 10 2.20e-06 3.56e-06 100
7 KXEEXSCHI[12,23] B0 BEXTEE (D=1000)
5 IWOA! GWOA AL
A B i R B PRk R B PRk R Z
h 1.86e-111 9.0e-112 100 1.60e-114 5.0le-114 100 8.7516e-157 2.707e-156 100
f 3.00e-065 3.37e-065 100 1.56e-073 2.09e-073 100 7.2131e-080 1.7043e-079 100
5 3.15e-112 6.20e-112 100 9.59-114 2.03e-113 100 4.0063e-153 2.1768e-152 100
i 3.00e-182 0 100 4.29¢-168 0 100 1.4807e-161 8.1032e-161 100
% 9.92e-+02 8.29¢-01 0 9.88e+ 02 6.18¢-004 0 0 0 100
Ts 3.06e-003 2.52¢-003 20 2.07e-002 3.53e-002 30 2.2722¢-04 1.7054e-04 100
£ 1.10e-001 2.25e-002 40 1.05e-007 3.14e-007 100 4.7116e-034 8.6991e-050 100
s 0 0 100 0 0 100 0 0 100
o 5.15e-015 2.89¢-015 100 8.88¢-016 0 100 8.8818e-016 0 100
fio 0 0 100 0 0 100 0 0 100
fiu 1.02e-066 1.63e-066 100 0 0 100 1.0549¢-076 5.7776e-076 100
fi2 6.58¢-112 1.30e-111 100 6.32e-122 1.58¢-122 100 1.3948¢-122 6.6809¢-122 100
fis 0 0 100 0 0 100 0 0 100
fua 1.66e-115 3.30e-115 100 3.64e-130 4.58¢-130 100 1.3498e-130 5.5674e-130 100
fis 5.52¢-103 1.20e-102 100 3.33e-105 1.05e-104 100 2.2266e-153 9.0116e-153 100
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