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Abstract

This paper proposes a multi-strategy improved seahorse algorithm to address the problem that
the seahorse algorithm is not sufficiently accurate and easily falls into local optimum. In the initia-
lization phase, Singer chaos mapping is introduced to generate the initial seahorse individuals
traversing the search space, which enhances the diversity of the initial population and helps to
improve the search accuracy of the algorithm; in the seahorse predation phase, a loser banish-
ment strategy was introduced to banish the seahorse individuals that failed to feed into the search
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space, which is conducive to the algorithm jumping out of the local optimum; in the seahorse re-
production phase, a dynamic reproduction strategy was introduced to dynamically influence the
weights of the fathers and the mothers, which is conducive to preventing the algorithm from con-
verging to the local extreme prematurely. Ten benchmark test functions and ten CEC2013 test
functions were used to test the performance of the algorithm. The experimental results show that
the improved seahorse algorithm proposed in this paper has a large improvement in both the
search accuracy and convergence speed, and is an algorithm with strong optimization capability
and good robustness.
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1. 5|

VER—Fl 2 A WIBERAT N B R JT 7, BER RESVE S Rl B B8N, JE B E KEHERER
R AR e SR A A L DA TR AN [R) SR AR (1 ) i, 3 He o A B AR AL A 55925 (Gray Wolf Optimization, GWO)
[1]- 7 A JE4 46 5% (Dandelion Optimization, DO) [2]. i ES fJi . 5% (Seagull Optimization Algorithm, SOA)
[3]. €47 5h ¥4 & 535 (Reptile Search Algorithm, RSA) [4]. 4544k 5132 (Golden Jackal Optimization, GJO)
[5]. ZEMENLAL S (Honey Badger Optimization Algorithm, HBA) [6]%%.

I 5 575 (Sea-horse Optimizer, SHO) & — i 2022 £E & Hi RSB AT D47 NI BE R e 55 7]
LR —MRKAERE AT WA REKAEAEY), X E/E 2. WK, S R s 5k
FHWHEKFFS, EEREAT AT, BEEEIUSHEEEDEHMTAET .. D EEAE R I 8 T
MRS RE R AeoE Vs, AR AE TN B 2% n) A 25 2 BN il et ELWSCSAO FEAG . X SRR R SR
DL, — e B T ek g, SCRR[S] R AR AR SRS A OB AN, I SO R B OE R
PRI, A BER S FE N ARG RE . SCBRIOTH I FH ST 5038 S8 AR P Rl 43 g S a1 A AN e 1
HRAE 1 F BRI AL E R 72, AR m 1 EE SR I 1 6E 77 SCER[10] 43 Sl xR A
A BEEAREAT B RRAARTE TR, AR m 75k Fetkge.

Rlit, ASCEEXST SHO fRER )@, 2 7 —Fhedidhifs & 52 (Improved Sea-horse Optimizer, ISHO).
BRI A Singer VIR A AR DA, SRR AR, IRE AR R Hik, FER
WO THOZ SN, $& Rk R AR M Be s e, R A S HEuE 5w = A AR SR AR R,
TREARTARE TS B AEAE S, BN PRGN R B S RAE R PT RE . A SCi 10 ASJEE DI X ek £ 6 N80k 1 B
BRESEIATINR, X4 BT RIS, FIF 10 4~ CEC2013 b 0nf e sk i o SV, 45 5156
WE T SO IHEMA R, UEM T ISHO & —Fh SRR B . USSIGH R D R e S

2. tEESEGEL

FEHF SR AT TR, S A R B T SRS s o MR NIRRT . fEIEEhT N
WS MR RIRS B0 e 1S 2 A R A R A R AR AE AT RE SR I A B R BT AP A R oL, O T T X
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5y, BINFBIES M HIBENE L, 240 NIER, S AMAMUR e s e Ma s, AT,
X _newl(t+1)=x(t)+ Levy-(Elite(t)—x(t))-x-y-z +Elite(t) (1)
Horp t RaEREL Elite RAFIEMAMLE, Levy 234 VTR, REX0F,

WX o

Levy =S x (2)
K
Horrs 2 2 %40 0.01, w Rk AEUEN[0,1] MBENLEL A BUETEER[0,2], o MkiEnT,
(7B )
F(1+ﬂ)+sm()
o= o @
(1+ﬂj fx2 2
Xy Fz R RABNEIE ) FALKRIN = 4E i, RikF,
x=pxcos(8) 4)
y:pxsin(ﬁ) (5)
Z=px0 (6)
Hetp=uxe™, O NHUELE[O, 27| MIBEHLEL, X Hhgie s % u Al v ¥4 0.05.
2 RS, g T AN A AR AT A BHIZ 2
X_newl(t+1)=x(t)+rand-1- 4 -(x(t) - 4 - Elite(t)) @
rand /& 0 B 1 Z [AIIBEHLE, 2501 5 0.05, AiBE BN E 2% B Kz T,
1 X2
p= EEXP[ 5 J 8

FEHE S R AT T, ARG BEsoe A WA B, 15l 8 IR E  90%, 1%IREE
HLER 1, SR X385 Bl £ A D B RIS L o i BT AT R a0 R, 24 o, BUER T 0.1 1, g S ai e Al
R ¥ S AR R B R A O A9,

x_new2(t+1)=A-(Elite(t)—rand - x_newi(t))+(1-A)-Elite(t) (9)
M, /NFET 0.1, WL RN E, e REE,
x_new2(t+1)=(1-A)-(x_newl(t)—rand-Elite(t))+A-x_newd(t) (10)
o R R0 K R E A bR, DL 11 5.
[ t Jmaj_titer
aef1ot (11)
max_ iter

Forb max_iter i KIEARIREL .

FEWG S EHEAT N, B T R R I — AT, RDEREREEAE S T X, T A Ak AR T —
IR, RAEE S B4R, M HER AT — MR v e N, FRZ R R I — B MR e
N, BENLAZ RS A A TR S AMA R R IA T,

x_offspring =r, - father + (1—r, ) - mother (12)
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ﬁﬂPx _offspring 2/~ K RIALE, father NS S5 ETAMMEMERIAIE, mother JMEMEAIE, r, NEUE
H[02) Z I I BEALE . FEHEAT A=A S AR TR BEA T LA, e IR Sl s P US4 44
T A S AN BT R 2 5 N — s

3. s DEE
3.1. Singer JBiH#IHA{L

B I S LA 1 2R 25 [A) v A I 4 RO S AN, BEATL HE BULAE 48 2R 2 (R A0 S M7 B AT RE SR
EAE—LE, SEMEZHEMEAR, BHEEEBN RIS, WalaeEEAtg, SECE R EESS a%
By EGD, HEEEIMEEARL. Rl IG6 A2 X — in] R 75, (B2 AR TR it
S5 SR ) R R A AN ] o ASSCHDL SR Singer YR B Sk A ) UA R HE S AR EE,  Singer VR R
AT

X(t+1) = u-(7.86x(t) - 23.31x" (1) + 28.75x° (1) ~13.302875x" (1)) (13)
e, pe(0.9,1.08), 7E 30 4 FHL 1500 M, KA p BUE R HOBOS BEIEE ) 1 s
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Figure 1. The scatter plot of the population initialized by different methods
E 1. TERGEMB MR <E

MIE L HRTeAEH, BEESE u N, Singer JRIHBLG A B HUS B M E R R 2w, =AW
TR BRI, AR BCHOS BOR I 2 0 AR SCEI 1 24 1,07 #4 Singer JRITA: 551 5 41 i S 2148
AR RIEAWT,

x =Singer (N,dim)-(ub—Ib)+Ib (14)
For NCAFEERISL, dim N4ERE, ub A b 43 B4 R A E 1 B A
3.2. KA MR R

FEA IR A B AT NI, Ak SHO AR BENLEL r, RIX - i fr A PIAh &5 R, 4 & sRID i, 5
MAESEIRS A, MR RRM, WE b2 RER, REX AKX 9 M 10, S MEETH &K
g, KR O TR MMAIGLE, fERZETBR R 6, R R, iR oA
REEM 77, AU INE SR R RIS DL, 38 2 AR 2 I (8 420 A B R B AT 8 L
PR T S EA OO L . MR BRI R LA 71, SINKRIGCE oz s, Rk r,

X_new2=x_newl+Stepx X _newl (15)
Forpr Step Jy3R4E ATHIAA, HIFEIRN BA — MR DO KT (272
3.3. BhASHIE R

HY T S AR E T R, RURAEARAE SHO rhife 6 A b v ol I B2 {8 S 47 (10— - MAE it 55,
BRI P MEAEAMEEN A, AR 12 RoniE S KBTI . FEIEBCRAS B 3 2 RE LA,
BEMLEUE KBS A AR E R BEAR SR /DN, (HRXIERFE BRI FIA LRGN, A RAH SR
ZREVES SRR L v, I 2 8 SR A A AR SIS RIS B BEAS R O AL, AR RIS SO E R,
S 57 24 38 58T AR AR 505 S BSOS R IR o BRUEBAA, 3 L7 1k Sk AR B N R AR AL
DRl i FH B A ST kg, o AR i I RIE AN A 5 16

iter —t
max_iter — j (16)

p =0.4+0.5>{ -
max_iter

p AR ik, MBEHIEORT p I, 7RSS HISCABUE & BORROMER TR, 1 B LBCB N R I %
FESLER AT AN REA DU ISR S 7 A 1R S5 A A P 2 25 SR A S i 1 il 5 SR AR AT M RA A T
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r, - father +(1—r,)- mother, r, > p
x_offspring = father + mother (17)
- 5 <P
Horr father XA MANLE , mother NEEARNMARLE, x_offspring Ar=AHEARHIALE o 280k 5 i
FIEAT A 0 T SRR WA BT AR B 0, St 1 AR R AR BT E, R OREE T
I REFALAT P LMK BIREA 0, 7 1L SR TS A = B A
3.4. ISHO X EHE

B SHO Sy £ 2P BRI -

Hb WEMBIECA N, BOIERRECN max_iter , XHEOZ R B u Ay DLCE SRS L.
S FIH Singer VRV ML AR BRATUH 1 B AR .

F=00 R S AME NG S AT HE T, K1 R A A L R T A SN, [ B R G

MMASLE N BEYIIRALE
VUL Bl S IEEn AT 0y, ARYERENLE , IRk R iE Uy L BURKI T iR eI, ke
BEAT A BHIEE) .

FTob: HIMES R AT, RAEREHUEL r, B3 SRS B R BRI DL A B
i, R RRI RS SN ASE, R RO AT SR YETUZ

SN BRI SEIAT N, Kl MR EFEAT I MEBRE A, SRR 2R A e e B
A, ARIEEENLE r, MBh LTI R R, FZIRA K 17 X SCAFNBEA f 28 £ A [ B M AR

L NRERBEAY K, AT EN AT, LSRN N SRR R 2
5T REEIEA

BIP: RMERELTWRS KA, A SERIE, Wl aUme, IgkSE AT IR B A

GRS
MR EASH

it SHO vk A2 B 2 fros .
‘ Singer R SRS E RATIHIRE

¥

SR EEH A, REREMAE
Ye

ERAR B TRIEER) 1507 b smmAR TG

HRAROMHA IR D BRAR TR AR
BRARI6H AR
BRAR TR
SRR B E R — B

Figure 2. Flow chart of ISHO
[ 2. ISHO RI2E
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4. SKEERR

4.1, B R BN soie

4.1.1. EERY

TEIGUE SR RE I iR, BN B A2 23 AN FEEIMR R B[ 11] o A SCHRHL 10 AN FEAS bR H3E 1T 52
ug, Horh FI~F3 NEIEHE, F4. F5 NZIEREL, F6~F10 N[HE E 4 2 IWE R, HRMAIMEEZL1R

Tho MR RRBIISEALS BAEER 1 HhFIH .

Table 1. System resulting data of standard experiment

F 1 ERERRERYE

T Sk Bzt YrpE b AR
F1 Sphere LU 30 [-100, 100] 0
F2 Schwefel 2.22 <N 30 [-10, 10] 0
F3 Schwefel 1.2 <N 30 [-100, 100] 0
F4 Schwefel Z g 30 [-500, 500] —12569.487
F5 Shifted Rotated Griewank Z g 30 [-600, 600] 0
F6 Kowalik [F] 5 44k 22 U 4 [-5, 5] 0.00030
F7 Goldstein-Price [&] 58 4t % 1 2 [-2, 2] 3
F8 Shekel 5 [&] 58 4t % & 4 [0, 10] —10.1532
F9 Shekel 7 [&] 5 4t % & 4 [0, 10] —10.4028
F10 Shekel 10 [&] 5 4t % & 4 [0, 10] —10.5363

412 BRMERERS S

EEEYEREINASEES h, R 1 hRifE SHO %, A3CiEH 7 DO. SOA. HBA. RSA. GJO LL K& GWO
YEJ9XS EEBiE, FHLASGAIE ISHO B RUPERN AT AT 1% o SEERFAEE S Windows 11 £%t, 1.80 GHz CPU, 16 GB
WAE, ifEiE S N MATLAB R2020b. SikZ 85 BAE £ 2 hea .

Table 2. Algorithm parameter settings
=2 BAEBSHRE

ZHORIR ZH 4 W
S5 ¥ FhEEAE N 50
B RIEAR ST max_iter 2000
W HUETEFH U v 0.05
1SHO HHRE 0.05
HBA HEENTFH R C 2
SRILEYIRE 1B 8 B 6
RSA R RE 125 o 0.1
KRR S4B 0.005

HIFSERR AT SIS B A A5 R AT RARYE, O T(E TR H A SRR RE , F SEMA I8 4T 30 X
JRTF M EIGE RIED 3 o PPN TRAROAFIME . rvlEZE . BUE Db 2, Herh RS e i A /2
SFEME, TR SR O L . R R LAl R R .
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Table 3. The test results of each algorithm under different functions

= 3. BENEEETERE THMRER

SRy RS T FrifEZ wALE A
ISHO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SHO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
DO 7.13E-13 5.24E-13 1.35E-13 2.27TE-12
SOA 2.66E-63 1.20E—62 2.70E-68 6.61E-62
H HBA 0.00E+00 0.00E+00 0.00E+00 0.00E+00
RSA 0.00E+00 0.00E+00 0.00E+00 0.00E+00
GJO 6.20E—260 0.00E+00 1.30E—267 7.60E—259
GWO 2.34E-144 7.07E-144 9.58E-148 3.58E-143
ISHO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SHO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
DO 6.33E-07 4.22E-07 1.81E-07 4.22E-07
SOA 5.56E—39 1.16E—38 1.25E-41 5.67E—38
F2 HBA 0.00E+00 0.00E+00 0.00E+00 0.00E+00
RSA 0.00E+00 0.00E+00 0.00E+00 0.00E+00
GJO 1.06E-149 1.85E—149 8.29E-153 7.73E-149
GWO 5.51E-83 1.63E-82 8.17E-85 8.82E-82
ISHO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SHO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
DO 1.15E-03 5.91E-04 2.42E-04 2.53E-03
SOA 7.51E-33 3.82E-32 3.38E-43 2.09E-31
& HBA 0.00E+00 0.00E+00 0.00E+00 0.00E+00
RSA 0.00E+00 0.00E+00 0.00E+00 0.00E+00
GJO 2.96E-99 1.53E-98 3.96E-112 8.40E-98
GWO 3.34E-43 1.18E-42 1.77E-51 6.14E-42
ISHO —1.25E+04 9.97E+01 —1.26E+04 -1.21E+04
SHO —3.47E+03 5.80E+02 —4.53E+03 —2.26E+03
DO —1.01E+04 3.89E+02 —1.09E+04 —9.25E+03
SOA —6.08E+03 8.47E+02 —8.13E+03 —4.98E+03
F4 HBA -9.27E+03 1.05E+03 -1.10E+04 —6.72E+03
RSA —5.45E+03 3.29E+02 —5.79E+03 —4.19E+03
GJO —4.40E+03 9.47E+02 —5.94E+03 —2.91E+03
GWO —6.28E+03 7.27E+02 —7.72E+03 —5.18E+03
ISHO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
SHO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F5 DO 1.47E-02 1.94E—-02 8.50E-13 6.63E-02
SOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00
HBA 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Continued
RSA 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F5 GJO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
GWO 1.01E-03 3.84E-03 0.00E+00 1.52E-02
ISHO 3.16E-04 6.99E-06 3.09E-04 3.46E-04
SHO 7.09E-03 1.39E-02 4.22E-04 5.04E-02
DO 3.42E-04 1.68E-04 3.07E-04 1.22E-03
SOA 1.13E-03 2.79E-04 3.08E-04 1.22E-03
F6 HBA 3.91E-03 7.71E-03 3.07E-04 2.26E-02
RSA 9.04E-04 3.38E-04 4.70E-04 2.09E-03
GJO 3.69E-04 2.32E-04 3.07E-04 1.22E-03
GWO 1.68E-03 5.08E-03 3.07E-04 2.04E-02
ISHO 3.00E+00 7.05E-07 3.00E+00 3.00E+00
SHO 5.65E+00 7.68E+00 3.00E+00 3.03E+01
DO 3.00E+00 2.70E-10 3.00E+00 3.00E+00
7 SOA 3.00E+00 2.54E—06 3.00E+00 3.00E+00
HBA 3.90E+00 4.93E+00 3.00E+00 3.00E+01
RSA 3.00E+00 1.69E-05 3.00E+00 3.00E+00
GJO 3.00E+00 3.02E-07 3.00E+00 3.00E+00
GWO 3.00E+00 6.29E-07 3.00E+00 3.00E+00
ISHO —9.98E+00 9.22E-01 -1.02E+01 —5.09E+00
SHO —2.69E+00 1.24E+00 —5.48E+00 —8.70E-01
DO —6.54E+00 2.93E+00 —1.02E+01 —2.63E+00
SOA —4.51E+00 4.36E+00 —1.02E+01 -3.51E-01
F8 HBA —9.90E+00 1.37E+00 —1.02E+01 —2.63E+00
RSA —5.06E+00 2.96E-07 —5.06E+00 —5.06E+00
GJO —8.41E+00 2.53E+00 -1.02E+01 —3.37E+00
GWO —9.81E+00 1.29E+00 -1.02E+01 —5.06E+00
ISHO —9.87E+00 1.62E+00 —1.04E+01 —5.09E+00
SHO —3.19E+00 9.99E-01 —5.00E+00 —1.29+00
DO —7.96E+00 3.36E+00 —1.04E+01 —1.84E+00
SOA —6.92E+00 4.29E+00 —1.04E+01 —5.21E-01
o HBA —9.23E+00 2.68E+00 —1.04E+01 —2.77E+00
RSA —5.09E+00 9.86E—-07 —5.09E+00 —5.09E+00
GJO —1.02E+01 9.63E-01 —1.04E+01 —5.13E+00
GWO —1.02E+01 9.63E—-01 -1.04E+01 —5.13E+00
ISHO —1.04E+01 9.78E-01 —1.05E+01 —5.17E+00
F10 SHO —2.82E+00 1.23E+00 —4.92E+00 —7.78E—01
DO —9.01E+00 3.15E+00 —1.05E+01 —1.68E+00
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Continued
SOA —7.48E+00 3.81E+00 —1.05E+01 —5.56E-01
HBA —9.37E+00 2.66E+00 -1.05E+01 —2.42E+00
F10 RSA —5.13E+00 1.70E-06 —5.13E+00 —5.13E+00
GJO —1.04E+01 9.79E-01 —1.05E+01 —5.17E+00
GWO —1.05E+01 2.97E-05 —1.05E+01 —1.05E+01

oy 3 BE AT, ALkt i ISHO 7F F1~F6 DA K F8 iX 7 MNEHENNR s Fh HE4 58—, HprE
F1~F3 f1 F5 #4453 1 HARRANE, (EAriE 10 MR Eh B tobr e SHO A HeF, BRUbLLS, £ F7
He4 5500, 76 FO A1 F10 rhHEZ =, {XRT GWO 1 GJO. Tl GWO F1 GJO 7 Bk i 5 T (1 S48 2%
RIEFARN M. HoHh, FFEE FL. F2. F3 Ml F5 F SR B H AR (E i HBA A1 RSA 1 b X} [ i 4

LU PR B RO B ISHO 4T 7E F7 R HEA 5 —

(¥ DO SVEAE b B2 B0 ok B [ RERCR R AR SR B R

ISHO RENSAE FLIG R K. 2 IR RRAL. [ 52 4E 2 I R AP S AN IS5 R, AU IR e, AR

SE ML o

NTEMEMHEH ISHO S5 b By X ), 1 H A5 b BLEAE BT i ik ph B0 N S0 U i 2
XTECIE (] 3), ISHO Fsc sk it 26 b 1/ B I 26w .
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Figure 3. Convergence curves of the comparison algorithms under the test function
3. XFEEEATEMIN &R B T AU S h 2 (=

FE LI R A F1~F3 sl Z0 B, SHO A ISHO B S AE FUAth S FE SRV g 42 07, Ui b v SHO
SRV AE b P BRI R KT U AH S A R R A S0 AN v () A B2, ISHO 272 SHO R U7, Ui ISR
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EMEREH T, 1E F6 1, ISHO A TFMAIRSk, K4 DO HIETES 400 kM5 AEd ISHO i
#, A2 ISHO LRFFE s 1) FILKEFE, 7E55 1800 VAR A4 DO, HE45E—. fEF7 #, REF ISHO
BAHAE—, ERKSIhE BREHLAET ML, Sk SHO LR BxfLt. 78 F8 4, ISHO it
TGS, RERAE 100 KIEAME HBA WS BIH ks BEAE I, /£ 1900 kAR, I1ISHO #iid HBA
BONTR B s SRS . 75 F9. F10 1, K% ISHO HIIRSHI & AR AE e F 70, (ERAh R
MR, HEREERT, ShriE SHO I h 2t LI . L8 8 K E, 1ISHO LABEBR I WSl A B e A A
FEAN Gl bR B b 45 5 50 22 (VAR AR UCEREAS 30 58 i (1 RS P, 55 SHO WSl 26Xt LU B &, IR T Sk A
Rtk

4.1.3. GitieLe

W2 7 TT LA FH i S it 2 S W 82 B (1 P B, Willcoxon BRITRS: 36 2 — Fh B G BUBRE (R 2 [12] i
TAGLS BT S O FE AR BT X LR A R S . REMERIG AR — I By 0.05, MEEIR 4
FALT 0.05 HEULAMFIERZE MM, R ANBZFRLMH . K& EVEEIX 10 NP R T
Mgt B 5 A e ISHO 145 SEEAT Wilcoxon RRAIRLIE:, KA I 45 R4 7E % 4 th,

Table 4. Rank sum test results under different test functions
F 4. AR R TGS R

PR SHO DO SOA HBA RSA GJO GWO
F1 2.36E—-01 0.00E+00 0.00E+00 6.87E—83 7.62E-01 5.8E-308 0.00E+00
F2 1.70E-03 0.00E+00 0.00E+00 1.5E-135 1.25E-60 7.1E-288 0.00E+00
F3 1.90E-02 0.00E+00 0.00E+00 5.7E-139 6.58E-04 0.00E+00 0.00E+00
F8 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00

F11 3.04E—09 0.00E+00 0.00E+00 7.18E-05 1.08E-70 7.34E-02 0.00E+00

F15 0.00E+00 5.0E-151 0.00E+00 0.00E+00 0.00E+00 4.98E-75 0.00E+00

F18 0.00E+00 0.00E+00 1.5E-215 0.00E+00 6.71E-81 0.00E+00 1.2E-227

F21 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 7.94E—01

F22 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 1.45E-01 6.05E-65

F23 0.00E+00 1.3E212 0.00E+00 0.00E+00 0.00E+00 1.59E-02 5.31E-85

WMELH 4 AIR1, B4 RKZHIEN T, ACHrIR ISHO ML LB VEH & BB, HAEW D HIE
WAL, f SHO Al RSA 78 F1 R UKL 45 F 8L 0.05 fbsiE, 4543 3 al%n, SHO Al RSA 7 F1 i Al
ISHO —#%, ¥Jis3| [ #ARME, KL ISHO 7 F1 1500 FAHEL SHO # RSA A WEMH, 456 1E F1 IR
SAHIZE AT 40, ISHO LATE BLS S 3 FE AR A b SHO Al RSA B #HU/IMES:, FIREFE F1 ik 2B 1) HBA
T 75 L 2 B AR A sk B et , R ISHO 5 — @ 228, Rk ISHO AHLL HBA 5 & AR 3,
RUETE F11 &b, 1SHO ik 3| T HAH S, (RS A WS ZRE, GIO UANTE 50 1A 4 sl i) 7
LA, Pk ISHO #HEE GJO 7E F11 Ab¥ A AT B Mm% . 78 F21 Jykiz T35 8, ISHO Al GWO
PRI S ik A e B, R LR NG 36 45 SR A IE B ISHO A 2 B PR SS, (H/2 A FE 3 AT, ISHO 7E F21
A FUREE = T GWO. [RIFE, 1F F22 4b, GJO 1 ISHO Fk S th 42 iZ i SE i, Rl Bk FTAG 36 45 SR K T
0.05, fHZMHEA kUL, I1ISHO HERHE =, IR EORFF TR K. Skt ISHO AL
MREAE S AR A BB, ERDEIEN T, RERMGR S EE 0.05, H2 ISHO {554
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TRFFELR IS SIOE B AN I AR B, 2 — P B Se 4 1 B0
4.2. CEC eR¥UMR sLa8

TEMR B VE R I, CEC Mk bR B AR SR AR AR R IR X, 0 T 2R e 8 BBk itk o A SCIEHY
CEC2013 R ZUAE[13]H 1) 10 ARt AT I, Frde s B R 4(E BAE R 5 R4 .

Table 5. The selected CEC2013 functions
2 5. EENAY CEC2013 iRi#

TR) R Byt AR AE
CECO01 Rotated Weierstrass Function Basic Multimodal Function —600
CECO02 Rastrigin’s Function Basic Multimodal Function —400
CECO03 Rotated Rastrigin’s Function Basic Multimodal Function —300
CECO04 Rotated Katsuura Function Basic Multimodal Function 200
CECO05 Lunacek Bi_Rastrigin Function Basic Multimodal Function 300
CECO06 Rotated Lunacek Bi_Rastrigin Function Basic Multimodal Function 400
CECO07 Composition Function 4 (n = 3, Rotated) Composition Function 1000
CECO08 Composition Function 5 (n = 3, Rotated) Composition Function 1100
CEC09 Composition Function 6 (n = 5, Rotated) Composition Function 1200
CEC10 Composition Function 7 (n = 5, Rotated) Composition Function 1300

N T A SHO SRS AR, ¥ ISHO 55 SHO fEFTik CEC B A NHEAT L0, K sin g
WP EMEAFRAEZE AR 6 g .

Table 6. The test results of SHO and ISHO under CEC functions
2 6. SHO #0 ISHO 7 CEC B# TMiXER

ISHO SHO
FIME bk FEME prifEE
CECO1 —5.61E+02 2.25E+00 —5.56E+02 2.33E+00
CECO02 —1.07E+01 1.23E+02 3.51E+02 1.30E+02
CECO03 2.82E+02 8.89E+01 4.04E+02 1.07E+02
CECO04 2.00E+02 1.02E+00 2.02E+02 4.89E-01
CECO05 7.35E+02 1.30E+02 1.06E+03 7.64E+01
CECO06 1.12E+03 7.49E+01 1.21E+03 5.88E+01
CECO07 1.35E+03 5.32E+01 1.41E+03 4.03E+01
CECO08 1.44E+03 1.27E+01 1.50E+03 1.96E+01
CECO09 1.50E+03 9.65E+01 1.59E+03 5.51E+01
CEC10 2.67E+03 8.97E+01 2.90E+03 9.57E+01

DOI: 10.12677/0rf.2023.134349 3474 18 %5 S 2


https://doi.org/10.12677/orf.2023.134349

M 6 W LATE B, £EFTIER 10 4> CEC I utpa B SEB 25 31, ISHO BT HME /T SHO HI4h
RAERA IR AR, (HRAVIREW UL ISHO MITEREMELT SHO A 1 #E—04Tt, A 1A
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