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Solving Engineering Optimization Design Problems Based on Improved
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Abstract: In order to better solve the engineering design constrained optimization problem and further improve the
global optimization and application ability of the JAYA algorithm, the JAY A algorithm based on multi role differential evo-
lution strategy is proposed. Firstly, the cosine similarity strategy is introduced, the individual positions with high cosine
similarity to the optimal individual are processed by rotation change operator and non-uniform mutation operator, which not
only accelerates the convergence speed of the algorithm, but also enriches the diversity of the population; Then the multi
role strategy is introduced to the individual location updating, and the symbiosis strategy and cauchy mutation mechanism
are introduced to effectively balance and better meet the different needs of the algorithm for exploration and mining ability
in different iterative periods, which improves the optimization performance of the algorithm; Finally, the pinhole-imaging
opposition-based learning strategy is introduced, which expands the search range of the algorithm and further improves the
convergence and accuracy of the algorithm. Through the simulation experiment of function extremum optimization of the
multi algorithms on multiple dimensions of the 10 complex benchmark test functions and the optimization of 5 more chal-
lenging complex engineering design problems described in CEC2020, the test results clearly show that the proposed algo-
rithm has significantly better optimization accuracy, convergence performance, solution stability, applicability and effective-
ness to different problems, and it has obvious advantages in solving engineering design optimization problems.
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constrained optimization

Foundation ltem(s): Key R&D and Promotion Projects of Henan Province (N0.222102210065); National Natural Sci-
ence Foundation of China (No.71601071)

WA B 1 :2021-10-225 1 18] H 11 : 2022-01-02; FiAF 24 - Hgdioi



2470 H, ¥

EE 2023 4

1 5§

TEBLSCH B, & s AR A ] T AR AN TE 16T
Ar AR etk 2 22 A In) B, A% 58 B RE B 113500 Ak O vk T
& B R A R XERPRER . 325 H ARG )E LR
FER BP0 AL TR 0 0T 33 2 [n) JUAT 25 0 1) SR A 302
B3] TIHEZA BN H RS . .2 SR E LR
KRR AR PR LY R A R K
PR TE Ay s k) A2 e Sl AT R R A da
gk R T P SRR AT S KR
PRSI R A I TR TG R TR S AR
R E 1 Rk A A S S e AR A 1 B
PR RN 25 UK, A R R KRR A % I g AR T
BN S e o = I [ i <o U | e S e B |
JE N

PR BRI ARL AR A [m) A2 3 B vk SO M BB i) 2L T
I, 0 T RR BT 2 AT Ak T 2 0 2 Re I Ak B vk 1) —
AT BN AU A g 00N, . B BB AL Ak BE e T 42
% i ) P SR A5 ) B0 A S A T AU A L R B 2% TR
T R0 )R AR AL T S A R L T e T
PEH— M5 A S BINHER e AT R M LA AR S
T ML A e 1 98 R B s Gupta 458 B Y — Rl
T2 > IR A 1 T8 IV I AR s X S AR R
— o 3 B Bl LG PR AR RN e A s i B A gt £
Mk B 12 5 Salgotra 2510 B H — Pl [ 3 N 4 VA G R G
¥ s Zhang 251 Y — T 5L T 22 00 45 A RS 2R A
B R A BOR A T 1 5 A0 H S 2R H — b T
TR 24 AT Ak TR 0 1) e b SR g A Fb Bk . X e ek B ik
YR N T oK A TR BT A AL n) 8, JF S T R
BRI AER A i [R) R 22 R JUAS 2 U (R, P2 gD
HHe g op AN R R MR RE 1 ik SHUURS T e
T P T 2 o ) B

JAYA BE3E P2 2016 4F iy Rao 42 H i —Fh o7 1
KRR B i Bk A R ) T, A
At ke 25 1) S PR AR X £ IR U B R S
PErERE , WM Bl JLAF F b 18 40 ek = 22 1 iF 5 ek
PR 2 — , BB 7E S0 I B s i RSH ek 2 X
WUH R R 8 SCRRIE M E | FERE
YRR Tt SR S5 A ST 2 B T

i, JAYA B3k 55 H At FE Rl B A Ak A iR 2
oL, HAS Bt A7 78 3 25 5 B AN e AL -5 A s
ENCE S SR R W (P = A ]
MU IR . O VR 225 X TAY A BE AN 2
T RN Rt L Yu G LA B AR ST
2RI 2 2] R AR G 022 ) ik 385 T JAYA 55
B SU0RS B AR E M. Ravipudi 251 5] A logistic 1R
T T SR SR W A R R T JAY A B R U SO B A

T RE 8 T 4 bl AE 8 R 25 (B R AR R AN 5 B A R R
{E . Pradhan 25" 73 51 5] AL AL B AL TS0 2
AR LM EACE X PR A 1 5 AR S T
JAYA B0 ke 2 2% ) J AR RS T . Tngle 25175 ASE4E
KATMIDUE BN NS , 5 T JAYA BIL AR 24
PE S8 T IR RE /T . Zhang &S G AL A =
PN R ERAE BT B 256 2% T PLTR ARG L 12
BT JAYA S AR R AE ST . Tacca 2515 A3 4k
RATHF A JAY A SR A7 B s =P I BE P AR, 32
T A R A A BE ST . Yang 2512V 5] A MGt )
AT T R PERDRE AR ORI AT ) 2 2T L A
BARTE T JAYA B 2 R R e

TS PR A JAY A B A 4% AR FH 403 1 oK A v
B2 T4 T, (0 R B8k | 4 R4 R AR A2 HiE g
ANSEAR L R XoF T T AR T2 5 A Ak ) 50 e R 5 SR 5
T N M R AR A R AR SR AFAE . A T 4R S JAYA 3.
B FOLRE T RS ERE , 2 RBAS )1z R R D
SRR TR A R ) B, AR SO —Fh BT 2 A
0 2% 5 UE AR Bk JAYA B 2% (Modified JAYA algo-
rithm, M-JAYA). B 5551 AGRSZEARLE S NS X5 i
AR BZARARLE 8 5 1R S AR R A B, AN bR T 5
OWCSGER B, i H T AR 2R SRS R A
A S h R 2 A R B, O 51 A 3 AR 2F A SR m AN
A7 PG AR S AL AT AN ) B, A T RN A G T
SR AEAS 7] 35 A B S0 R 2 A2 4 e T AR [R) 75 2K
i FIA/NFLAR S 1] 27 2] S, W E— 20 8 i B3k
R BRI B Bk A WSO FORS B LGB X 10
AN 2 b I 3 R BCHEA T 10 22 HE B L 22 08 pR BN {1
PeA Xt e Z2 B, A0 J5 87k M-JAY A eS|
TG FE RIS A A B T SRAR SR AR 2 5,
PRI SG#E k% IEEE CEC2020 i i iy s 25 HLas A
Jerpan A EE R GE TR N AN AR ) SR A 5
Bk A TR B 2 SR Ak ) A SR i, 33 B ik
R T M-JAYA SB35 7E A0 BN [ 28 8 TR fb e 3 T
() S s A7 2 A S %) O P 3 7 2

2 EARJAYAEE

Stepl i FLHE) 24K AR REA AR N BBk
PEAEARHE Max _iter AMARYERE D, I 75 SO0 N BEAL
AR RGO, B x, (= 1,2, -, N).

Step2 MR H A5 ok B SR AEAS 1A 38 B (.
f(xl.).

Step3  HRHLNIE ANV I B £ (o, ), 4K 10
U 00 5 22 08 L AL £ T o I8 R AL x A

X

worst*®

Stepd  hUCOXAMAREE—HEAY BT RO .



%09 bl

SRR JAY A SR AR T RE BT fR AL 2471

) 1)=el(1) (i (0) =] x(0) ) =y (X (£) =] x1(2)])

(1)
Hodr x] () 2 2SR 4 R B LA B 5 j 4R EL, o (£) M
MR A2 e B 25 A AR, X () B Y AT A i
AMRAESS Y B9 B, (e + 1) SR B G F—ARh e
AARTESS j AL A, 7, o, ¥R 0, 1) Z B ¥ 5] 43 A
A REALEL .

Step5  F H AR pREL (o) SR BT A 35 07 B 1
FFX BT I DE AT X LU, A58 AR, DR e AR A
7B, 75 DU 8RR 1 A AR,

Step6  FI B T 254 QU EL ¢ & A5 38 B Rk ARk
B, 45 t<Max_iter, 1% [7] Step2;

Step7 1 e 2 B L (B -4 i

3 BMUIHEEEM-JAYA
3.1 SIANRZBLEREE
JAYA 53 5 T Ath K 2 B0 il M R AL 3 —
FEPEFILE AR 5 0, RS2 5 BRI 2 A1 f
PEA AR R L, 5 2 e B R AR RN S 4, Sl 5k
AR MER R FPRE A 2 RE M, AT RERE A R e A, ik, 5
AR AEARLE SR W SR ik ke 3 — [ 8
AR AR BE B W T A [ 1 T — B SR R
BB R (=1, 1], e 1 R WA 1) 2 7 1) AR TR, -1
FERPRAN )5 A L . AR SCE AR A % AR AL e s
SR T R A Y AR R AN R S B O AR
22 () (1 1] e, DA B S 2 4% 52 R AR 8 v 1 S A4
REA A TP Bk SO B, L E T AR 2B
P . M-JAY A A2 AR SRS an F
A RE A 1) i a F b
a=x(1)
b:xbest(t)
b x (0) R A AR E P SR B e [LV],
Xpest (1) N TR 2 R B A A B
5E X cos (@, b) AW ] 0 2 [a] A ARBLURE , DA A4 o7
B Z AL AR TR AR -
a-b

[l x [5] 3
i, F o i a M b FY AR, 3B 0] 4 a F b AR AY
T

YR S PO B TP A P 5 B (3
2 AT LE C=cos(ab), 45 5 4 R BAA- 4
B2 R (DL 5 1 PR DR 1 SF , 815 4 (A AR P A 1
(11T 1473 07 B (1 L B, 3 I B MR 22 0 i
Rl £ R A T B 2 o R 7 T T L 0
S 7 HE (LSS U 19/ P o B i A 4 407 S T

(2)

cos(a,b) =

PIRFRER L ARG, 200 5 P Z R . R
BN 1 s

Hix1 RZEUVERBHE
i Max_iter D N
IF(0.5<C<1)

(£ (x(0)) 2/,

xi(1+1) =x,(2) +a

1
. m R Xpe(1) @
ELSE
£{11) =5(0) +A (1) s)
END IF
END IF

it x,

BEE 11 (o (1) ) AN VA B0 8 x,(£) B 328 07 5 £,
x(t+ 1) HEHETF— ﬁAwMﬁﬁf@%%ﬁﬁﬁ%
P B A, = Zf
w@%ﬁm%MﬁEMezrmleﬁﬁﬁ¢A%
B (1) |, (1) SRR FG S8 T P T

a A DU M 5 RS 4 1R 30 AR B
P AR Y

)R K[ - 1L 1]Z

t
Max_iter

b TR 5 A T o) = [ e,

gammaincinv(l,M)ﬂﬂTZ:fnﬁrl‘zl’y}jlﬁgl_l‘zlﬁvﬂ\:tpi

HIERSHL, Ba>0, FHFYE R B 2 TEAR  m Ry 3

RS 80, T de e R Bl 28 00 BE Iy F2 % . AR Se

A=0.1,m=1- BB, NARSE A T eREUY 35 bR
ax_iter

B 7E 25 AR AT I 230 2 T B, 3240 3 28 30T 4 4K
T RERERE . B(ny,n,) R [0, 1] 22 101 B A D35 43453 11 it
ML, Hon, on, HIBARZEL, Yn, = 1,0, =31, WLIE 73
A ARGk s Ja ka4
XHFARB A R K AL

) +B(nl,n2) (6)

o= gammaincinv (/1, 1-

y) B AT

Alty)=y-

1 _q(] N Maxiiter) ) (7)

U,..=4-U, (1-U,)

m+1 m m

y=(2-U,.,-1)-r([1.D])
E*ﬂﬁ%wﬁwﬂzmﬁ@ﬁﬁ%%mﬁﬂwF
4-U,- (1-U,) H logistic IS, r([1.D]) S M 75
WEAS AT B 1 x D AR TR BENLXT FR 1 , Bl BB B, e
Ap S AR A RRRE T U N f=22

(8)




2472 H, +

EE 2023 4

3.2 SINzARBHEMTETR

FEARJAYA B R G — 0 B E AR, F—
eI TR 2 W AE A AL IR, R T B /D 4 R R R RN R B 4%
P RE S SR HLEH], FECRRRT M & R RE
BEANE TE 50, 258 5 I A Ry A 8L, 10 i 300 7 e 0 At B 30
F14) JRy S RE 2092 B BE 7 AN, 3 R A B R EE S
e RN SIGH i A8 RS 0 . b, AR SR BRI A 4543 T
BUHI R RS %, ZEAR T JAY A 3803k J5UA PR RLASE AN AR 11 4%
PFF F5 AR R BEAE N B RS T HE T, SRS 2
R BRI FEEE S AT RVEE . A0S R
FPHEAR JAY A SR AL SR s, R e P RE I Tl A5 3
A ARG 2 S AR PR TR P A S A SR .
b = FOR R R A SR, BT LA E— 25 -l JAYA 5
R R I & e 1, ki vl s Bk itk vk fe . Bk
B RN vk 2.
Bk SAGEENAETENER

i A . Max_iter.D N
IF(iS % N)

e+ 1) =xi(0) 47y (xhe(0) = [2U0)|) =75+ (Whom(1) = |U(0)])
ELSE IF(i< % -N)

x,(t+1) =x,(t) +|Levy(D) | -(xbcst(t) —M-Z) 9)
ELSE

x,(t+1) =x,(¢) +cauchy - (xbm(t) 7x,(t)) (10)

END IF
it x,

R9) 1, M=+ (1) +x, (1)) 62t

PR M-I DRI B R R Z 22 N, 3R
IRANHEE A A — 1A AL A BRI B AR AR Y
A 25, W H BUE R Z=1"; Levy(D) N 34E /i BEHLEL
) B D A

2 (10) mv, x, (1) 2 5 w7 AR HE B LA R, B
re [1.N ], cauchy S P4 55 , A 7Y 43473 (14 HE 3 25 oF
BEATNE R R0 B REAE , BRI R 3, ol 7 43 A
AL DAY= A T 2 AR A PR IR 5 S I A R A ]
3.3 SINNFLER R 185 5] R BE

BEXSFEA JAY A S0 15K it vy 4 52 % pR BN 25 )
B3 A Jmy PR ARL 8 B 0, A SO | T2 R /AL
BUAGR S )27 2 SR . AR AE R — s [ A — B
h ) KK p 72 X B AR5 A xo (0) (2 R e DA A A7
B AR BT BRI R X FX . TERE R o I
B NLI RGO ML TE RS AR E]—

AR R BENE P, I X B AR B AN E L
FRAG 7 A 0 BT s, e (8) O S e L A AR AV i 1) 2 1)
fi#) , /LB R ERATAR L = A B A i A=K

(X + X )2 —x0(8)

= — 11
xl;est(t) - ()(maXJFXmiﬂ)/Z h' ( )

é\% — e, AR x (1), kAT

Xl (1) = (Xmax;‘Xmin) n (XmE;—.i_]‘CXmin) B xbcs]lc(t) (
Al (12) AT, 2 k=1, /NS 7] 2 >
R — S 1) 2 2] S W 30 Ak ORI Y IR
2 R IR AR T DR e, T T LA B S G i A A
ARSCR I T SCHR[25 TR A EUE k=12 000, PRI AL 3K
AT 38 A SRy R AT B AT /INFL AR R )
2] FEARSE B AR sR O SR0208T i 0 35 1 BE(E, 2R
H J5T AR T 22 WA DO B /N LR B ) 27 2T e Y
B R MR B 2Z BT ff . XA TP REE i
R SE I e R R I RE $E R P RCR .
3.4 M-JAYAEXiRTE
M-JAY A BIE IR N5 3.
Eik3 M-JAYA

12)

i Max_iter, D, Nid MW RS (x)

VIR AR X, i= (1,2,---,N)

WL S8 Max_iter, D, N

HEER A 03 R FE L (v,

SO KA R AL xy

t=1

WHILE (s <Max_iter)

SRR AR BT o L
FOR i=1:N

FRAR (2) 1 3) 08 4R A3 8 1553 8 (1)
ARG C

IF(0.5<C<1)

(£ (x(0)) 2 /)

A= (6)HFRERE K T o

H 2 (4) XA R A R T B

ELSE

H(7) F(8) T TAR S R K A (Ly)

B 2 (5) XA A 057 B A T BT

END IF

END IF

Xt B A — AR AT L AL PR
PS5 A 3 1 BE(E

R B < 0 S R L ()



o9 1

X SRR JAY A B ESR i T AR B AL ]

2473

x; =G AAEALE

END IF

END FOR i

R AT IO 85 (S RO A AR HEA T HE Y D4R 1 B R 25 AR 1Y
5L xy o Al
FOR i=1:N

‘worst

lF(i$ % -N)

FORj=1:D
R0 1] ERIBERLEL .,

128 (1) XA EA S 24 1 o 7 8
END FOR j

ELSE ll*‘(iS % ~N)

158 (9) RIASPAF (8 0617 50
ELSE

1 (10) X B o B 01 57
END IF

Sl S I A A — S0 73 Ak
R A VA I

TR B 5 S B RE </ (x, )

x = TH AR

END IF

TR0/ S O (< 4 S e A S B A ()
Yy = B A

END IF
END FOR i

H1 20 (12) % 4 SR e D A AR 8 x o EEAT/INFLBLAR I 1112 20 7 2B R
m%xgest

7L 1 o R — 30T A
P BB BLREALf (xL,)

IF(f(x,;m) <f(xbm))

Fhest = Vs

END IF

t=t+1

END WHILE

i AR ()3 7 A LBt R A

4 FEXE

T A TG B AR SCHE I M-JAYA 1Y SR RE D L R
M-JAYA 53 A JAYA 95" Improved JAYA Optimi-
zation Alogorithm (IJAYA) ™' | Comprehensive Learning
Jaya Algorithm (CLJAYA)[s:19 1E 48587k (SCA) B

ST B PR 1k E IE A3 52 50 (DSCA) > 3 6 Ff
S, o WA S A D Ak bR RO T RR BT T 29 R A 4
B A TR A I

R T PRAE S AR S 2 U 6 Foo) TR TR
FHIR) 251 T T84T S0, FiE /N R 30, e K i Ak
&L Max_iter = 1 000. 5% S 500 & Jr 1fi , 4 F JAYA
KB TOT H S E, T SCA F1 DSCA Bk rh ke
FF S KRR HF PG E a=2, XN BUE 5 %
B3 00 S SCHR AR A R AR ]
4.1 FrENK &R M ZIE
4.1.1 10 /HRAENER 5L

SIS I AR SO G 10 A4~ B 78 5T 2R s o K
PRAECAN R 1 7, Horp (5 ) ~F () oA 3% 5 B0 R 50
T I UE R AU S S SRS B s Fy(x) ~F o(x) A
53 2 22 0 pRVE, R DNt 9 Bk o s 3 e A 114 BE T A
EIEL i

=1 10N EANR F L

i PRE TRAH 2 Ieflfd
F\(x) | Axis parallel hyperellipoid | [-5.12,5.12] 0
Fy(x) Rotated hyper-ellipsoid [-65.65] 0
Fy(x) Expansion of F10 [~100,100] 0
F,(x) Michalewicz [0,7] -0.801 3
Fy(x) Powell [-10,10] 0
Fy(x) Salomon [~100,100] 0
Fy(x) Discus [-100,100] 0
Fy(x) Alpine [-10,10] 0
Fy(x) Penalized2 [-50,50] 0
Fpo(x) Schaffer F7 [~100,100] 0

4.1.2 FEBEDWH

B PR R, (x)~F o (x) B4 2 )% 8 D =

10/50/100 #EAT M, F 2 4811 1 10 4k .50 4 . 100 4E

AR ST BT 50 A B 1 FO0 S5 R W AR F Y
ERT 2 .

M2 2 MG B v DL B BRAS SIS BLAR , 48 5C
TR M-JAY A 7645 PR [RI 4 52 T 1SR RS 18 fnfae
P25 IR S O F A S R 6 E RS HLAE 4 104> pRAL
B BT 4 |, 50 Uk T 25 5 i dee A (RN - I (E B 4R
THRAJAYA B, BRI A SCR X T JAY A AL 2k
Y P A O

F2 OMEEEEEERABTHIMERILE

o D=10 D=50 D=100
wa | mE — —
A FHE J5 %% S fEE F-HME J5 % S ZER(EN FEE B
M-JAYA 0 0 0 0 0 0 0 0 0
Fy(x)| TJAYA | 2.56E-05 | 1.22E-04 | 340E-09 | 6.31E+01 | 148E+02 | 6.78E+03 | 3.76E+02 | 7.36E+02 | 6.76E+04
CLJAYA | 3.73E-45 | 7.79E-37 | 2.85E-71 | 2.57E-04 | 521E+00 | 1.16E+02 | 1.58E-01 | 7.48E+01 | 8.75E+03




2474 H, ¥ 2% i 2023 4F
w . D=10 D=50 D=100
PR (=R7R = o - . = - 2 = e 2
HAE(E FEE = AR S J5 22 e fH FEE J5 %
JAYA 4.60E-31 2.19E-28 8.03E-55 1.48E+02 4.43E+02 4.06E+04 1.03E+03 2.07E+03 4.39E+05

DSCA 1.32E-195 | 2.54E-158 | 3.22E-314 5.80E-144 | 1.10E-119 | 5.38E-237 1.59E-140 | 1.58E-106 | 1.24E-210

SCA 2.15E-42 3.70E-30 | 6.47E-58 2.73E-04 3.78E+00 | 8.42E+01 6.58E+00 6.28E+02 2.85E+05

M-JAYA 0 0 0 0 0 0 0 0 0

IJAYA 9.98E-02 3.28E-01 4.76E-02 9.86E+04 3.01E+05 2.34E+10 9.42E+05 3.88E+06 4.94E+12

CLJAYA | 2.55E-39 8.22E-32 3.37E-61 2.40E-01 7.99E+03 1.97E+08 5.87E+03 4.09E+05 2.38E+11

Fal) JAYA 7.88E-26 2.89E-23 2.15E-45 1.35E+05 1.18E+06 | 2.76E+11 5.07E+06 1.16E+07 | 9.02E+12
DSCA 1.39E-226 | 5.74E-176 0 5.01E-278 | 8.42E-151 | 3.54E-299 1.13E-254 | 1.39E-137 | 9.67E-273
SCA 1.57E-36 7.18E-25 2.43E-47 6.34E+00 2.00E+03 4.78E+06 3.45E+04 1.53E+06 1.86E+12
M-JAYA 0 0 0 0 0 0 0 0 0
IJAYA 1.91E+01 3.18E+01 2.93E+01 1.23E+02 2.02E+02 1.15E+03 2.66E+02 447E+02 | 4.18E+03
Fi(x) CLJAYA | 2.15E-11 5.23E-02 | 6.62E-02 5.88E-06 5.80E+00 | 4.36E+01 2.02E-01 1.66E+01 2.20E+02
JAYA 1.23E-01 1.14E+01 1.02E+02 1.55E+02 2.33E+02 1.46E+03 3.43E+02 4.83E+02 | 4.44E+03
DSCA 2.31E-71 2.18E-49 1.14E-96 0 2.20E-42 | 2.43E-82 0 9.47E-44 | 4.37E-85
SCA 1.98E-11 5.67E-08 9.46E-15 1.53E-01 8.34E+00 1.15E+02 6.64E+00 5.71E+01 2.11E+03
M-JAYA | -9.62E+00 | -8.22E+00 | 7.40E-01 -4.95E+01 | -4.80E+01 2.81E+00 | -9.84E+01 | -9.50E+01 7.72E+00
IJAYA | -8.68E+00 | -6.99E+00 | 5.03E-01 -1.87E+01 | -1.67E+01 9.18E-01 -2.94E+01 | -2.73E+01 1.31E+00
CLJAYA | -8.79E+00 | -7.50E+00 | 4.13E-01 -2.57E+01 | -2.23E+01 1.99E+00 | -4.09E+01 | -3.45E+01 1.04E+01
Fy(x)| JAYA |-8.11E+00 |-6.51E+00 | 5.80E-0I -2.30E+01 | -1.86E+01 3.23E+00 | -3.99E+01 | -3.10E+01 8.72E+00
DSCA | =6.60E+00 | =5.60E+00 1.61E-01 -2.01E+01 | -1.79E+01 1.89E+00 | -4.05E+01 | —-3.30E+01 2.07E+01
SCA -5.16E+00 | -3.97E+00 | 2.62E-01 -1.35E+01 | -1.08E+01 1.30E+00 | -2.05E+01 | -1.75E+01 2.13E+00
M-JAYA 0 0 0 0 0 0 0 0 0
IJAYA 1.29E-02 8.82E-02 | 2.10E-03 3.74E+04 1.36E+05 8.58E+09 9.75E+04 4.50E+05 9.91E+10
Fi(x) CLJAYA | 231E-18 6.88E-04 | 7.38E-06 8.64E-01 2.31E+03 7.33E+06 5.18E+01 9.83E+03 1.11E+08

JAYA 1.94E-08 1.53E-07 2.35E-14 3.90E+03 1.47E+04 1.31E+08 2.02E+04 5.89E+04 1.26E+09

DSCA 1.34E-183 | 7.33E-158 | 2.35E-313 4.24E-141 | 5.90E-119 | 9.36E-236 1.88E-131 | 2.30E-107 | 1.28E-212

SCA 6.98E-27 4.08E-10 7.38E-18 8.95E+00 3.95E+03 1.06E+08 4.52E+03 1.35E+05 1.04E+10

M-JAYA 0 0 0 0 0 0 0 0 0

IJAYA 1.15E-01 3.49E-01 1.13E-02 6.78E+01 2.29E+02 6.49E+03 1.51E+02 7.44E+02 1.58E+05

CLJAYA | 3.29E-09 4.59E-04 | 4.36E-06 3.11E-03 9.96E+00 2.23E+02 7.96E-02 7.32E+01 7.17E+03

Fo(x) | JAYA 1.39E-03 8.34E-03 9.39E-05 1.79E+02 7.27E+02 8.81E+04 7.25E+02 1.74E+03 2.50E+05

DSCA 2.55E-284 | 3.56E-178 0 9.88E-324 | 1.36E-158 | 9.18E-315 6.81E-303 | 2.97E-133 | 4.41E-264

SCA 2.09E-13 2.85E-07 1.75E-12 2.96E-01 1.04E+01 3.64E+02 1.57E+01 5.01E+02 1.65E+05
M-JAYA 0 0 0 0 0 0 0 0 0
1IJAYA 3.98E-01 2.01E+02 2.00E+06 8.08E+03 3.35E+04 1.07E+08 1.35E+04 9.11E+04 5.76E+08

CLJAYA | 3.74E-40 2.78E-33 1.98E-64 4.43E-05 2.22E+01 2.75E+03 3.73E-02 3.01E+02 | 2.45E+05

Fi(x) | JAYA 7.04E-26 1.74E-23 1.52E-45 9.40E+02 1.87E+04 | 9.14E+07 7.56E+03 5.06E+04 | 4.17E+08

DSCA 1.45E-290 | 3.84E-192 0 0 4.42E-182 0 0 1.19E-190 0
SCA 9.03E-36 7.97E-26 1.62E-49 1.60E-02 7.54E+01 1.86E+04 1.51E+02 4.63E+03 | 2.22E+07
M-JAYA 0 0 0 0 0 0 0 0 0
1IJAYA 1.59E+00 3.30E+00 | 4.83E-01 3.01E+01 4.02E+01 2.82E+01 3.24E+01 6.47E+01 3.04E+02
Fi(x) CLJAYA | 2.01E-26 1.10E-04 | 6.00E-07 5.48E-15 6.30E-02 | 5.76E-02 3.12E-07 2.69E-01 1.18E-01
JAYA 3.12E-12 1.14E-01 2.23E-01 9.54E+00 1.92E+01 5.37E+01 2.76E+01 5.89E+01 3.63E+02
DSCA 1.03E-97 1.53E-80 1.17E-158 9.59E-81 2.04E-64 1.52E-126 1.57E-86 1.20E-63 | 4.59E-125

SCA 1.26E-23 1.03E-04 | 4.95E-07 6.90E-03 1.55E+00 | 7.52E+00 2.26E-01 1.55E+01 9.39E+01




%9 1 XS JAY A SR A TR M Ak ] 2475
D=10 D=50 D=100
PREL | Bk — — —
EEER(E] FHIE T SEEHIEN EHIE 12 FER(ES YA E
M-JAYA | 1.35E-32 3.06E-03 2.90E-05 1.74E-08 3.60E-02 4.03E-03 6.97E-03 4.40E+00 4.99E+00
1JAYA 3.91E-02 4.05E-01 8.60E-02 3.36E+07 1.28E+08 5.85E+15 1.35E+08 4.01E+08 6.86E+16
Fg(x) CLJAYA| 2.11E-03 9.20E-02 2.91E-02 2.47E+00 1.92E+05 1.67E+11 2.03E+01 8.80E+05 1.42E+12
JAYA 6.73E-03 1.41E-01 5.73E-02 1.32E+02 1.57E+06 5.15E+12 1.31E+05 6.41E+06 4.26E+13
DSCA 7.87E-03 1.00E-01 6.19E-03 3.73E+00 4.33E+00 3.05E-02 9.20E+00 9.44E+00 1.31E-02
SCA 8.28E-02 2.69E-01 5.74E-03 1.17E+01 3.67E+06 3.72E+13 4.97E+07 3.05E+08 3.52E+16
M-JAYA 0 0 0 0 0 0 0 0 0
Flo(x) IJAYA 1.81E+00 3.17E+00 3.74E-01 2.94E+00 3.99E+00 3.12E-01 2.91E+00 4.36E+00 4.49E-01
CLJAYA | 8.25E-12 4.21E-03 3.76E-04 2.81E-03 1.41E-01 1.63E-02 2.19E-03 1.90E-01 3.47E-02
JAYA 1.46E-02 5.85E-01 3.27E-01 2.59E+00 4.28E+00 6.23E-01 3.47E+00 4.82E+00 4.04E-01
DSCA 1.47E-78 8.15E-51 3.27E-99 0 1.34E-49 5.48E-97 0 2.35E-48 2.64E-94
SCA 1.95E-12 2.35E-08 8.14E-15 2.61E-03 1.72E-01 2.53E-02 6.83E-02 6.87E-01 3.35E-01
TEV0GESAAE T X F 24 FRIg i B P (x) FIF,(x), 0
M-JAY A {9 B AR S-S (BRI 7 22 2 A B3 5 1 (8, ok !
SRS I B T LA 5 Fou e . X T 8 A Ze i
BB Fy (o) ~F (), M-JAY A B 85 A2 (L0 0 T
HiAe s PR B RS T R B (x)  Fy(x) ~Fy(x) i P
Fo(x), M-JAY A 7E3X 6 A4~ pREL I 1) e AR AE - IIE ATy %10"”-
I B RARAE S5 = BN
1 50 2 1 100 ZE A0 35 4E 415 F 6 FROEHE ISR ARG T o
B 15 23t 2 206 FE FO 1 AT ARG, M-JAY A B0 2 30 - Y
0 R ) 4 0 1, S-EHE BE O 08 T A 5 0% TN
T2 A g R 8 F L (x) FIF,(x), M-JAY A 15 50 4 il B TR v e rarat
100 45T 50 ¥ T4 50 0 B HE (1 - 449 (0 R 7 22 349 Teration
TR, KA JT IR T4 . X T 84 1 bR K FL R o) st 2
Fy(x)~F\o(x), M-JAY A 13 8 (9 e 0 P39 s i T
Fofls 5 T, R X T BRELF,(x) Fy(x)~Fy(x)
Foo(x)3% 6 1 BB, M-JAY A 75 50 4 1 100 45 F i 5 1
18 -5 A7 2P S R R P 0 SR AR+ 4001 !
4.1.3 WSl g4
=

— ANERVERER S, AT LA O b 3 3 A B i £
B WS 4R R T S kA S R AR
TR A BRI SOH B . R 45 3R 100032 ek
B F (x) F(x)~F(x) R F () 3 44> sREA WS
2R IR, Ho A RS MBI R £ 0 L 25 RS 2Z AL, RO
Y

B 1K 4 0% 6 PP R AE 48 D=100 B K i R 5k
F(x) o () ~F () AL F o () BRSO 20 LA

& 1~4 i M b B B T M-JAYA . JAYA, CLJAYA
IJAYA (SCA F1 DSCA 5 3E A F Ak 1o 78 v 38 o7 J88 1 1) A48
fotadh . X S Hn] LI H M-JAY A A A0 SICHE TR
T HAth 5 FhAA L, HoSCSh £ SR BB, B AR

107200 -

10-250 L

107300 1

[ |
0 100 200 300 400 500 600 700 800 900 1 000

Iteration

B2 F(x) BB 2k

WA R /L, SRR T T 5
4.1.4 ZWERPOBANRIESITHH

ST I E Pk M-JAY A 5 At 85 A 52
B2 25 5 B B 2P R 1 S

PERE,



2476 B OF ¥ R 2023 4
BHA R EVE A I3k

n 107150

Fitness value

07

—JAYA
—I1JAYA
——CLJAYA
—SCA
—DSCA
10300 —M-JAYA

107250 -

L ]
0 100 200 300 400 500 600 700 800 900 1000
Iteration

B3 Fy(x)Aylesiuih 2

—JAYA
—IJAYA
——CLJAYA

Fitness value
=
b
]

10-40 ¢
—DSCA
—M-JAYA

10760 -

—-80 |
10
0 100 200 300 400 500 600 700 800

Iteration

4 Fm(X)E"JIBZﬁ&EEEI%%

FHAES RS 56J7 12 Wilcoxon Bk FIAG 56 24T
Goitadr. 34 TR 29X T LA 1040 R AL,
M-JAYA 4350 5 HoAh X He 30 7E D=100 B 19 48 11 K 56
gEI . HoR AR S+ TR =" 43 B R OR MAJAYA
B T2 AT 45 TR S T HAb o LB . P Sk
[27 ] AT 1, AR p<0.05 fi4 25 J 5k v T Sk J2 40 46 2245 1%

i
900 1000

IR IMGIT R4 R FE A CEIEM-JAYA 5
JAYA . IJAYA .CLJAYA .SCA Fll DSCA B3k, 764
B 10~ R AL E A p (B AR /N T 0.05 HAF 5348
47 FRAE AR BE . LT L, MAJAY A S H A SRR L
AL FILEE R Z M B AT B k22 7, H M-JAYA 3%
WAL
4.2 IBRETARMKURDIAKES S

T 0 R B ek R R M-JAY A SR i TR
AR AAL A BE T1 , B M-JAYA B3 A ok 5 Rt
Z PE X e 95 N T IEEE CEC2020 A3 3 it Vst 1
ML N R gy (3 R G TR SN Bl R ORD i R 4
R AE S AN PR UE TRR UL AL BT[RBT . A 5K fiff ax L )
AL W g B R ST B AT 50 WK, A9 BRI EE SR
S HEAE T R 7 22 AT AR R T 45 B8R SR A e
WALSER
4.2.1 KRR LT R

VR i S AL 2 Sh LR R e 2 2 18] A — A 14
8, JE TR 2 22 n TRk n) &, 2 1t a8
Y E S TR A A 25 N TN 7 AR e R A
Bl R ) SRR T G AR 0 i ME L XA
M) R 11 AR SR 7 AN AR i AR By
S92 i 2 Y 5 (2.6 <x, <3.6) A BE /NI B A
e T R 1 U SO 11 1 B o1 N
JE R ER S I EAR HECERARLI T

SRS

£(x)=0.785 4x3x (14.933 4x,-43.093 4+3.333 3x3 ) +
0.785 4(x5x$+x4x§) —l.508x](x§+x2) +7.477(x§+x2)

Ly AT

g,(x) =—x,x3x,+27<0
2,(x) =—x,x3x3+397.5<0

F3 BEFERBE 10K R B Wilcoxon AR p B

- M-JAYA vs JAYA M-JAYA vs IJAYA M-JAYA vs CLJAYA M-JAYA vs SCA M-JAYA vs DSCA
p-value win p-value win p-value win p-value win p-value win

F(x) 2.672 TE-04+ 2.671 3E-04+ 2.691 7TE-13+ 2.443 3E-03+ 2.691 7TE-13+
Fy(x) 2.691 7E-13+ 2.691 7TE-13+ 9.892 8E-07+ 1.638 7TE~11+ 2.691 7TE-13+
Fy(x) 2.669 3E-04+ 2.670 6E—-04+ 2.632 6E-04+ 2.691 7TE-13+ 2.691 7TE-13+
Fy(x) 2.691 7E-13+ 2.691 7TE-13+ 2.632 6E-04+ 2.691 7E-13+ 2.691 TE-13+
Fy(x) 2.156 TE-04+ 2.691 7TE-13+ 4.675 9E-04+ 1.733 8E-05+ 2.691 7TE-13+
Fi(x) 2.673 4E-04+ 2.672 TE-04+ 4.809 2E-02+ 1.336 3E-02+ 2.691 7TE-13+
Fy(x) 2.432 9E-04+ 1.530 9E-08+ 2.691 7TE-13+ 2.673 4E-04+ 2.691 7E-13+
Fy(x) 7.178 9E-04+ 5.189 8E—04+ 3.075 3E-10+ 2.623 1E-04+ 2.691 7TE-13+
Fy(x) 2.691 7TE-13+ 2.691 TE-13+ 4.229 9E-05+ 2.691 7E-13+ 2.691 TE-13+
Fpo(x) 1.085 5E-04+ 8.063 2E-05+ 2.691 7TE-13+ 1.836 4E-06+ 2.691 7TE-13+
+/=/- 10/0/0 10/0/0 10/0/0 10/0/0 10/0/0
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g4(x) =—x,x¢x; x> +1.93<0

g4(x) =—x,x3x,;x +1.93<0

g5 (x)= 10xg3\/16.91 x 10°+ (745)c4x;1x§1)2 -1100<0

g, (x)= 10x;3\/157.5 x 100+ (745x5x,' x5! )2 -850<0
g,(x) =x,x,-40<0
gy(x) =—x,x,'+5<0
go(x) =x,x;'-12<0
gio(x)=15x—x,+1.9<0
gn(x)=11x,—x;+1.9<0
Fe4JEM-JAYA FIL A LGRS Flow) b7k oK A sk
Fr il 2 SARLE R A A CEIE AT 25 . A
FEPBURE AT LU Y, M-JAYA B85 B e (8 5 IJAYA
CLJIAYA JAYA BEEAHE A0 T HAR 2 Rh Sk i FH494E
5 2T B S Rt F BB, B o 401 S
JERIRGEME . T EL M-JAY A B S A8 SR ANy 221
NS E RO o

25(x) =Y, ~y(x,0) <0
24(x) =y(x.0) - Y;<0
gi(x)="+e’— (a+b)’<0
gi(x) =b' = (a—e)’ = (1-2,,) <0
g/(x) =Z,,,—1<0

2, .2 12
,HQEF‘,a:cosl(W) +d,g=+/ e+ (z—l)z,

2ag

b +g*-a? e
_ _ -1 _ —tan-]
Y, =100,5=cos 72bg ¢, p=tan l—z)’
Y4=150,Z,,=100, P=100,y(x.z) =2( f+e+csin(f+
Pbsin(a+
5))’Fk:M . =50.
2ccos(a)

F50E M-JAY A FIELAD S Aot b SR bl Ak
e BT I S AR 3B RN 7 22 . R Bidis vl
DL H M-JAY A B3R H 0 e A P (A Oy 22
AR 6 PP tP A ) SR AR PERE A A A
£5 OHMEERKMNBALSRZITARNIRERLE

F4 o MEERBREREIT OB INERILE

ik e fEfE I fE Jr 2
M-JAYA 2.994 4E+03 2.994 4E+03 0
IJAYA 2.994 4E+03 2.994 5E+03 7.870 5E-04
CLJAYA 2.994 4E+03 3.001 SE+03 6.167 OE+02
JAYA 2.994 4E+03 3.011 6E+03 1.783 8E+03
DSCA 3.055 4E+03 3.126 OE+03 1.580 2E+03
SCA 3.044 8E+03 3.120 4E+03 1.228 6E+03

ik R FE{E kS
M-JAYA 2.543 8E+00 2.657 1E+00 1.244 5E-02
IJAYA 2.545 1E+00 2.727 3E+00 4.113 4E-02
CLJAYA 2.544 3E+00 3.474 OE+00 8.564 4E-01
JAYA 2.544 8E+00 3.622 6E+00 1.717 2E+00
DSCA 3.580 2E+00 4.947 4E+00 3.160 7E+00
SCA 3.006 3E+00 4.545 2E+00 2.075 4E+00

4.2.2 SKEEMEANTIFSFMAILIT R
Je FFAE I ML N B AR A TR A H AT
LR R E A R — A R g L v TR
THRE, i H bR A e e 25 R v (5 8% 31 Bl P e K PR
JE e KA /NIRRT 2 (Rl 22 57, AR S HILAR A
Je R e BTG B, S A SR B T 0%
Sl E RIAERACRCR . Z A 7 AR AT A
PSR, 3 7 8 53 R AR — AR AT AT I (10 <
a<150). 55 “RATAFIKE (10<b<150) 55 —RFTHF
MR JE (10<e<150) & 55AF Z B HE B o 0<e<
50) AT FF v -5 W B2 T A BE B £ (10 << 150) AR 5
W HZ A A 25 (100 < 71<300). 505 “HIFLAT b 555 = H
FLAF e Z A9 A 6 (1 <9<3.14). HBUHHERT .
SN
fx)=- mzin F (xz)+ m;ax F,(x,2)
AL B U
g(x) ==Y, +y(xZ,,) <0
g,(x) ==y (x.Z,,) <0

4.2.3 KRBERRGZIZITEA

Yide R TTHRIBUE — 4 0 TR
AL, 32 ) R R RS R AR IR KR SR E0R 60, fi/ N FE B
R 12, XA E R BiR R R SRR R E W
Wit b i (RIS Al o, AET A o, AR Z )5
AR i, MR E RN, UDRIEE R & R Rk
T B BE A Bl R AR LR . @ 2 A A Rl
FHPIX 358 x, —x Fllx, —x, 41288, A & 4 A8 5N 8
LRGN HECABARR

H AR K%L :
f(x) = (itrg_itot)zz (69131 - j:ij )
LI

214(x)=12-x,<0g,,(x) =60-x<0

. [0} z,Z N e
ot = 20 = 2 gAY R R =
i a?r

1
6.931°

K6 GLit 1 6 MRER RN 48 RGeS 2 1Y
B AR AT 22 . th 2R AP BE RT T, 6 Fh Ak 7K
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H

fifp 147 8 ZR DL RN, AR SR M-JAY A SR A0 e f:
(B I ATT 22 AU 6 Fhaak vh 04, T ELATR53C

FR[28 Jh & i B i L (AR R], SRARACR o0 0.
®6 MEXRBERRERHDENIRERLE

87 A SFHIH T 7
M-JAYA 0 0 0
IJAYA 1.428 5E-20 2.358 6E-17 3.681 7E-33
CLJAYA 7.613 8E-22 3.842 3E-14 1.504 8E-26
JAYA 1.232 6E-32 5.217 6E-13 5.940 1E-24
DSCA 1.177 1E-14 2.429 3E-10 2.489 8E-19
SCA 1.266 OE-14 3.973 8E-10 7.010 9E-19

& i 2023 4
D, cos(a)
- 2R ,.D=160,

d=90,B.=30, ¢0:27t—2><
| {(=ay2-3(m4)) +{ Dr-14-D, |~ {dr24 T4}’
2{((p-ay2-3(14))}{ D2~ 14D, |

FTGAT T 6 F L AE SR VR sh g A s ]
SR ) B A I E T 2 . DR EEE T LIE
AR SCHTE M-JAYA 1 5 H 5 CLIAYA (IJAYA (JAYA
AR TR, ELOR T H4r 2 Fh AR | i P (8 Ay 22 A
TR A 5 FhXT 3k 2 B T 4T 9 SO0 RS B AR
M.

£7 OHMEERRRDMFIEI M LR L

Ccos

4.2.4 SKEERzhEAAILZ T )R
TR SN R BT — A3 4 0 22 AR TR &)
L H MR S 4\&¢+ﬂ‘r25&ﬁmtzﬁrj3$ﬂaﬁﬁﬁ7¥<$ﬁ
AEST . I EE 5 AR R O R A, X
A5 4 )2 R B 4R 1 B4R Df0.15(D-d) sDb\
0.45(D—d) ) 44542 D (0.5(D+d) <D, <0.6(D+d)).
AR R Z4<2<50). P9 % R 40 0.515 <, <
0.6). 4N il R R 5 £ 0.515 <, <0.6). B i 7% sh & 4
LEMIBHOY NN K i 0.4 <K 1 <0.5) K 0.6 <

K <0.7). 6(0.3<6<0.4), (0.6<7<0.85)., e(0.02<
e<0.1). BARKEARAITE
FIAm PR
£.Z¥D\*,  ifD,<254mm
FOV=13 647122201 6D, > 25.4 mm
LIRAAT
alx)=z-—P 1<
2sin”'(D,/D,, )

g, (x

g3(x

Kpnn(D=d)-2D,<0

2 Dma)((D_Ci)S
g.(x)=D,-B,<0

gs(x)=0.5(D+d)-D, <0

) =
)
)
) =
gi(x)=D,— (0.5+e)(D+d) <0
) =
)=
)=

g,(x)=¢D,-0.5(D-D,-D,) <0
gy(x) =0.515-£,<0
go(x) =0.515-£,<0

£(2,-1)
fol21-1)

1.72
Hrp, £=37.9111+ 1.04(1_y) (
1+y

2 p2
Houp o TPR RS =6,qun(

ik R FHI{H RS
M-JAYA 1.695 8E+04 1.696 2E+04 2.025 6E+02
IJAYA 1.695 8E+04 1.696 4E+04 9.836 7E+02
CLJAYA 1.695 8E+04 1.696 9E+04 5.399 7E+02
JAYA 1.695 8E+04 1.702 8E+04 3.779 OE+04
DSCA 1.706 6E+04 1.726 4E+04 2.811 8E+04
SCA 1.705 9E+04 1.729 TE+04 5.662 8E+04

4.2.5 EREHEDBKIETT B

A 3 AR )z N LR B 5 e A A U
BT Y E R /MU Y BE 42 DS, )
AL 4 BT AR TR T SRR X 4N R
O3 ) g K B (1 1070 < i< 16 % 107°) il 7K 2 42
RI<R<16) Ml i & O(1<0<16). M 12 R (1<
Ry<16). BARECHHAIIT |

SRS

LY
g,(x) =1000-P,<0g,(x)
w
(x)=5000— — <0
& n(R*-R2)
g.(x)=50-P,<0
0.0307( 0 )so
386.4P, \ 2nRh

gé(x) =R-R,<0
g,(x)=h-0.001<0

=W-101000<0

gs(x)=0.001-

2In(R/R,)
0.030 7x 0.5AT,AT=2(10"-559.7),

_ log,, log,,(8.122x 10°u+0.8) +3.55
- 10.04 ’
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h_(2n><750)22n,u(R4_R3)

60 E (4 4

R GUIT T 6 FhE LR AR e R 4 7 il R B3t )
A fre R (EL P (B AN 5 22 . R ol LU M-
JAYA SR e E I fE AT 22800 6 AP 5505 By
(Y, B AR R B AR e
RS OMEERMBERENMFGT AN IRLERILE

RS B SFHI{H Ji 2
M-JAYA 1.616 1E+03 1.772 4E+03 1.427 2E+04
IJAYA 1.843 6E+03 2.059 OE+03 2.026 2E+04
CLJAYA 1.616 2E+03 1.918 1E+03 4.107 OE+04
JAYA 1.702 6E+03 2.801 OE+03 1.000 4E+06
DSCA 1.969 5E+03 2.350 8E+03 3.145 9E+04
SCA 2.591 7E+03 3.392 6E+03 2.530 3E+05

DA SR A 45 SRR A3 W LA R G SR > 1 5R A 25
AR, B REIC AL XS TR i TR B R ik
IFa] RS A 2804, T A ST A P ) A S P L 3k 7oK
fife TR 2 AR IR A RAT R SR R R R, e
A SCEEVE M-JAY A T8 DO A [3] 28 R T AR i) i B
JE TR B B 1) SO0 JEE AR S 1, X TR i TR 2
FAAR ) R 2 B 1 DB AR 1

5 it

ARSCHRE Y —Fp I T 2 A 0 22 RO AE A i JAY A
BYEM-JAYA, e TR 8. %8 ke
JIR T EEAS JAY A B SO0 BE A o RS SIGH B 18 AN
FE LI TE T JAYA S 0N A AR . ek S g 5 A
ARBZAFRURE S, Xof -5 5 A AR A 52 AR R 2 s 1) A1
N A R e AR S B RN X 20 AR S kA T AL R Jin
PT B BISIOE R, F & TR 2R AR
BHHTCR 2 A IR, IR 5 | A S A P AR S
MU, A RO T 5 EAE A R IR R AR fE 11y
ANIFT 2R wsE T B RE s 51 A/NFLA R S 17)
S YR T BIE N R S T R
IS SAPE IR 2 . 6 R I F R 10zl ot ki 45
FSANE 8 TARS IS L, St b TR0 A T At
FRFHERS B, AR S M-JAY A 7E S0 B et
R e S A BRI, HASERAE T M-
JAY A X TR A4 28 TR a AR AR TR B o] A7 5
et . FEIRSERBIEGE b, 25 RN A3 O 1) B 22 4k
() S B ) SR figt v, 0 — 20 R 96 SR VR B, S8 3 Ak Y
UCHERIL R , 1 Jr R e 3k B4 1o 40k 5 e

S 3k

[1] KENNEDY J, EBERHART R. Particle swarm optimization
[Cl//Proceedings of ICNN’ 95 - International Conference on

Neural Networks. Piscataway: IEEE, 2002: 1942-1948.

[2] COELLO C A C, PULIDO G T, LECHUGA M S. Handling
multiple objectives with particle swarm optimization[J].
IEEE Transactions on Evolutionary Computation, 2004, 8
(3): 256-279.

[3] MIRJALILIS. SCA: A sine cosine algorithm for solving op-
timization problems[J]. Knowledge-Based Systems, 2016,
96: 120-133.

(4] MIRJALILI S, LEWIS A. The whale optimization algorithm
[J]. Advances in Engineering Software, 2016, 95: 51-67.

[5] MIRJALILI S, GANDOMI A H, MIRJALILI S Z, et al.
Salp swarm algorithm: A bio-inspired optimizer for engi-
neering design problems[J]. Advances in Engineering Soft-
ware, 2017, 114: 163-191.

[6] AZIZI M. Atomic orbital search: A novel metaheuristic al-
gorithm[J]. Applied Mathematical Modelling, 2021, 93:
657-683.

(7] VEIRRE, 55 . AR R ol e HAE TARZ k)

R BB 1] LR B R 8, 2021, 27(7): 1871-
1883.
WANG Y H, GAO L. Improvement of crow search algo-
rithm and its application in engineering constrained optimi-
zation problems[J]. Computer Integrated Manufacturing
Systems, 2021, 27(7): 1871-1883. (in Chinese)

[8] GUPTA S, DEEP K. A hybrid self-adaptive sine cosine al-
gorithm with opposition based learning[J]. Expert Systems
With Applications, 2019, 119: 210-230.

(9] XUSmAR, W SAH, Ao ikl S oK i TR Ak )
. THABUEE U R 58, 2021, 27(7): 1884-1897.
LIUJS,MA Y X, LIY. Improved whale algorithm for solv-
ing engineering design optimization problems[J]. Computer
Integrated Manufacturing Systems, 2021, 27(7): 1884-1897.
(in Chinese)

[10] SALGOTRA R, SINGH U, SINGH S, et al. Self-adaptive
salp swarm algorithm for engineering optimization prob-
lems[J]. Applied Mathematical Modelling, 2021, 89:
188-207.

[11] ZHANG Y Y, JIN Z G, CHEN Y. Hybrid teaching—learn-
ing-based optimization and neural network algorithm for
engineering design optimization problems[J]. Knowledge-
Based Systems, 2020, 187: 104836.

(12] AT, 2, XIE, 45 SRR i) REAY et R
S DA B L TRR I FH [0, $55 36 5 DR, 2021, 36(2):
314-324.

SHIJP, LIPS, LIU G P, et al. Improved fruit fly optimiza-

tion algorithm for solving constrained optimization prob-



2480

BT

g
==

il 2023 4F

[16

[17

[23

[}

[l

[}

[l

[}

]

[

lems and engineering applications[J]. Control and Deci-
sion, 2021, 36(2): 314-324. (in Chinese)

VENKATA RAO R. JAYA: A simple and new optimiza-
tion algorithm for solving constrained and unconstrained
optimization problems[J]. International Journal of Industri-
al Engineering Computations, 2016: 19-34.

YU K J, LIANG J J, QU B Y, et al. Parameters identifica-
tion of photovoltaic models using an improved JAYA opti-
mization algorithm[J]. Energy Conversion and Manage-
ment, 2017, 150: 742-753.

RAVIPUDI J L, NEEBHA M. Synthesis of linear antenna
arrays using JAYA, self-adaptive JAYA and chaotic JA-
YA algorithms[J]. AEU - International Journal of Electron-
ics and Communications, 2018, 92: 54-63.

PRADHAN C, BHENDE C N. Online load frequency con-
trol in wind integrated power systems using modified JA-
YA optimization[J]. Engineering Applications of Artificial
Intelligence, 2019, 77: 212-228.

INGLE K K, JATOTH D R K. An efficient JAYA algo-
rithm with 1évy flight for non-linear channel equalization
[J]. Expert Systems With Applications, 2020, 145: 112970.
ZHANG Y Y, MA M D, JIN Z G. Comprehensive learning
JAYA algorithm for parameter extraction of photovoltaic
models[J]. Energy, 2020, 211: 118644.

ZHANGY Y,JINZG. Comprehensive learning JAY A algo-
rithm for engineering design optimization problems|[J]. Jour-
nal of Intelligent Manufacturing, 2022, 33(5): 1229-1253.
IACCA G, DOS SANTOS V C Jr, VELOSO DE MELO
V. An improved JAYA optimization algorithm with Lévy
flight[J]. Expert Systems With Applications, 2021, 165:
113902.

YANG X, GONG W Y. Opposition-based JAY A with pop-
ulation reduction for parameter estimation of photovoltaic
solar cells and modules[J]. Applied Soft Computing, 2021,
104:107218.

ZHOU X J, TIAN J T, LONG J P, et al. A fast constrained
state transition algorithm[J]. Neurocomputing, 2021, 455:
202-214.

ZHAO X C, GAO X S, HU Z C. Evolutionary program-
ming based on non-uniform mutation[J]. Applied Mathe-
matics and Computation, 2007, 192(1): 1-11.
ABDULLAHIM, NGADIM A, DISHING S 1, et al. An ef-
ficient symbiotic organisms search algorithm with chaotic
optimization strategy for multi-objective task scheduling
problems in cloud computing environment[J]. Journal of
Network and Computer Applications, 2019, 133: 60-74.

(25] SRk, 1AL, FAKE, 56 . A Circle BRSS FIZ 2 /NFLA
B A i AU EA . ] S5 R, 2021, 36(5):
1173-1180.

ZHANG D M, XU H, WANG Y R, et al. Whale optimiza-
tion algorithm for embedded Circle mapping and onedimen-
sional oppositional learning based small hole imaging[J].
Control and Decision, 2021, 36(5): 1173-1180. (in Chinese)
BREEE, TRTETE, BUR T, 55 SE T ahiSr JORMG OHE AR
SREEAT). RIS THOR, 2021, 43(6): 1596-1605.
WEIFT,ZHANG Y Y, LIJ Y, et al. Improved sine cosine
algorithm based on dynamic classification strategy[J]. Sys-
tems Engineering and Electronics, 2021, 43(6): 1596-
1605. (in Chinese)

DERRAC J, GARCIA S, MOLINA D, et al. A practical tu-

torial on the use of nonparametric statistical tests as a meth-

[26]

odology for comparing evolutionary and swarm intelli-
gence algorithms[J]. Swarm and Evolutionary Computa-
tion, 2011, 1(1): 3-18.

KUMAR A, WU G H, ALIM Z, et al. A test-suite of non-

convex constrained optimization problems from the real-

(28]

world and some baseline results[J]. Swarm and Evolution-
ary Computation, 2020, 56: 100693.

LI Y, ZHAO Y R, LIU J S. Dimension by dimension dy-
namic sine cosine algorithm for global optimization prob-
lems[J]. Applied Soft Computing, 2021, 98: 106933.
KHISHE M, M.R MOVSAVI. Chimp optimization algo-
rithm[J]. Expert Systems With Applications, 2020, 149:
113338.

EEE I

e X=FF 55,1968 44 W EA A,
VR SR LPE] e R RS
N 2%

E-mail: 1js@ henu.edu.cn

=

[ FS S -

A& 551993404 v M LR AR RS T T
REFT .
E-mail: yjiechenu@163.com

= BOEWEE) &,1969 4 EITEA, ML, Bk, i
FEI7 ) A RE S R TR 45 45

E-mail: leey@ henu.edu.cn



