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Improved Exponential-Trigonometric Optimization Algorithm and

Its Engineering Application
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Abstract: To address the problems of local optima and slow convergence speed in the exponential-
trigonometric optimization algorithm (ETO), a multi-strategy improved exponential-trigonometric opti-
mization algorithm (IETO) is proposed. In the population initialization stage of IETO algorithm, the uni-
form distribution characteristics of Latin hypercube sampling are utilized to enhance population diver-
sity. During the exploration and development stages, an adaptive segmented update strategy is intro-
duced to dynamically adjust the balance between exploration and development in the search process. A
diversity maintenance mechanism is adopted to avoid premature convergence and escape local optima.
A periodic annealing local search strategy is introduced to perform fine-grained searches during the de-
velopment stage, thereby improving the quality of the final solution. In solving common engineering ap-
plication problems such as the three-bar truss, compressed spring, and container pressure design prob-
lems, the results obtained all show good performance, with superior performance in traversing to find
the optimal value, demonstrating stronger applicability and superiority.
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min f(x) = xlx,x, + 227 %, (32)
2%
=1-—23 < (33)
&) 71785+

o 2025 4
2,(x) = doowx L g (a4
? 12566(x}x, — xt) 5108«
gi(x)= 1 - 140;45961 <0 (35)
X2%3
x; +x,
gi(x) == - 1<0 (36)

o H:0.05<x,<2;0.25<x,<1.3;2<x,<15,,

# PSO.GWO .DBO .BWO .ETO FIIETO iX 6 Ff
AR FH TR R 4 5 1 e/ INEE o AP V=50, 1%
R EL T=100, FANF BB 1T20 K . 5520 Kz T
F, 6 iR A 7 B P 2 A RS i 72 Ak i) F A
WK 7 s, SEE A5 RN 3 R .

0.10;:
0.09f§
008 :
007
2 006
g 0.05
5 0.04
003}~
0.02f
0.01
0770 20 30 40 50 60 70 80 90 100
AN/ €
7 EZEEEIEIT R A B 6 FhE AL
R3 EHEBELITOBLRER
RS e ARAE EEIE 2 H bRz
PSO 0012821 0018264 0.049857  0.009 597 5
GWO 0012785 0014702  0.017769  0.001917 8
DBO 0012688 0013624  0.015559  0.000 8102
BWO 0.012 695 0.013 669 0.017 769 0.001 607 8
ETO 0.012 717 0.013 534 0.017 762 0.001 209 1
IETO 0.012 713 0.012 983 0.017 748 0.000 370 6

I TETO F kR A i, s AR 0 3Rk i S
JEP SR AR PR SR B3 1 B AR B TR L TETO
SR I R A (B P T HAB S
4.3 ENBEIFEIT

RS2t e 8 R . I 4asiitf 4
AN RAR T2, TCR R o, TR S vy
BEREE v, (37 HbReR%, L (38)~x(41)H
PIRAEAT , HAECAAL .

min f(x) = 0.622 4x,x,x, + 1.778 1a,x3 +

3.166 1x’x, + 19.84x x, (37)
g, (x) =-x, +0.019 3x, < 0 (38)
g,(x) ==x, + 0.009 54x, < 0 (39)

g, (x) =—maiw, — 4/3mwxl + 1296000 <0 (40)
g, (x)=2,-240<0 (41)



55 6 1] Tl A O AR R AR S TR 705
AU : 0<,.2,<1005 10<0,2,<200, AT R R B AR P 077 TR B, BT

I
P

2x;

>

Es ENRHEEIREE
¥ PSO.GWO .DBO .BWO .ETO F1IETO jX 6 fif
SN TR 2 4 s/ NRUAS R V=50, 254K
B T=100, BN EEIBIT 20K, 20 Kis i, 6
TRk 38 1 R Bt 15 ARG S A % L B an 141 9
JIi7N , SE A5 S AN 4 Bt N TETO 5878 5K ik 45

S LT A
2.0
—PSO
1.8t ——BWO
I8RO0
L6 ETO
vl IETO
21
ﬁ 1.04
B
bo.s 1
0.6(!
1 )
sy, 00 P
\ N
0‘21; . ) )
%70 20 30 40 50 60 70 8 9 100
IERIREL
9 FEHBZI BN AT 6 FERHLLE
T4 EABRBEITOBIXREER
Bk S JYRIER XM Al Frifis
PSO 45273660 4679.1563 19123.4471 3055.8054
GWO 45342953  7093.9286  9839.4483  957.1568
DBO 45293486 56583968 75350141 9623811
BWO 45363362 68028438  7535.1881 1138.3981
ETO 45304654 55106322  7565.0118 10823065
IETO 4527.2680 4.832.0599 5575.3596 343.343 8

5 ZEHIE

2 — P et (9 48 B = MLk  FE A
WA B, R BL T8 S 5 R4 50 3 A ket
WESRAIE 2R . SR A N BT R 2
FEPECRAFALE] , Sh SR R R PR R 5T
(1A B B 3 R SO Bk R B i . 5
S S PAEAR Ry 1 2R SR, B vy e 2 ik P T
TER A DL AR DA, I = AT AT AL | 4
A R R, BT TETO 33095 Fr A 4 21

S8R PO R A e

T TAER AR T IETO BvE 7 = 4 2 2 1)
b YRR R SR B GRS
WRHEZ B b s Ty i i, st — 4
HESR B TA A [ 38 N AE R AR

S 3Lk

(1] E&, Mk, D, 5 2Rt i sea it fe sk )]
LT R, 2024,50(10) : 119-136.

[2] MIRJALILI S, MIRJALILI S M, LEWIS A. Grey wolf op-
timizer[ J]. Advances in Engineering Software, 2014, 69:
46-61.

[3] XUE J K, SHEN B. Dung beetle optimizer: a new meta-
heuristic algorithm for global optimization[J]. The Journal
of Supercomputing, 2023,79(7) : 7305-7336.

(4] ZHONG C T, LI G, MENG Z. Beluga whale optimiza-
tion: a novel nature-inspired metaheuristic algorithm (11
Knowledge-Based Systems, 2022,251:No.109215.

[5] KENNEDY J, EBERHART R. Particle swarm oplimization
[C]//Proceedings of ICNN’95 - International Conference on
Neural Networks. Piscataway, USA: IEEE, 1995: 1942-
1948.

[6] XUE J K, SHEN B. A novel swarm intelligence optimiza-
tion approach: sparrow search algorithm[J]. Systems Sci-
ence & Control Engineering, 2020,8(1):22-34.

(7] 44, LT RSN, 55 B T B G AR I L ER A
e I A LA [0 3 P TAR 5 Be3t, 2025, 46 (4)
950-958.

[8] wZeor, XA, WRE %, 55 TR & HEWE T (v WE s £ fb 55
L AT EHLT R S R, 2025,47(1) :171-179.

(9] #th, s, HW, 55 5L 1 WOk 5 E S5 1 (1 WSNs 43
el A ) ] AL TR 5 801, 2025,46(6) - 1625-
1631.

[10] 5K &b, B . il 1E 4 5% Ak 5 BREE R AL 19 DV-Hop
SENRE TR T AR 58,2022, 44(4) :645-653.

[11] AR5, ST . O R A0 SR X O A SO L 1Y
eI ] 5L B, 2025,42(6) : 356-362.

[12] 222557 =86, EBUK . 2 5 ek (4 16 8 DAL 30 vk
SHR ALY LA RBLEAR S K R, 2025,35(1) :132-139.

[13] KA, il , SR TELE , 55 . 2 HME fha 1 eE SRR AR
PSR (], Jb B0 23 R R 22 24 41, 2025, 51 (1)
235-247.

[14] 20 MR, R Y, 55 TR -G 2 SRS DL iy e s A0 Ak
BELT ] PRYLT AR S, 2024,60(24) :97-109.

[15] RBFE X, B, 5 2RO R S 3 LRk
[JOLL AL T A2 5 R4, 2024-06-28. hitps://kns. enki.

net/kems/detail/43.1258.TP.20240627.1446.004.html.
(FHEF7397)



