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Multiple strategies improved hiking optimization algorithm
and its application

Xu Ming Wang Fengfu Long Wen

(School of Mathematics and Statistics, Guizhou University of Finance and Economics,Guiyang 550025, China)

Abstract: To tackle complex numerical optimization problems, this paper proposes an improved hiking optimization
algorithm based on Cauchy distribution operator and random differential mutation strategy (CDHOA). The algorithm
enhances diversity through effective population initialization, balances global search with local exploitation using the
inverse cumulative Cauchy distribution operator, and employs a random differential mutation strategy to boost
exploitation and reduce local optima risks. Experimental results show the average performance of CDHOA on the
CEC2017 test set is better than that of eight comparison algorithms. The statistical test further confirmed that the
performance difference was significant. Nine representative test functions are selected from the CEC2017 test set, and
the effectiveness of the three enhancement strategies in the algorithm is verified by comparative experiments.
Additionally, it is applied to the parameter identification of photovoltaic model, and a small root mean square error of
2.43X10 ° is achieved, which has the best result of all comparison algorithms. In two kinds of engineering design
problems, the algorithm achieves the minimum objective function value, which is better than the comparison
algorithms. Overall, CDHOA performs well in global search ability, convergence speed and accuracy, which effectively
improves the performance of solving complex numerical optimization problems.
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differential ; photovoltaic model
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Table 1 Comparisons of CDHOA and other eight algorithms for 29 test function with Dim=10

¥ 4t CDHOA HOA ADE VPPSO SCA DO DBO WOA SSA
F1  FH{E  1.00X10° 1.86X10° 1.55X10" 3.64X103 7.69X10° 4.47X10° 3.22X10° 2.46X10" 3.74X10°
FRfE2E 1.69X107' 1.06X10° 1.45X10" 2.82X103 2.80X10° 3.19X10° 1.44X10° 4.44X10° 3.51X10°
F3 SFEH{E 3.00X10° 4.59X10° 7.39X10° 3.00X10* 1.59X10° 3.00X10° 3.01X10° 9.24X10° 3.00X10
FRfEZE 1.04X107" 1.85X10° 2.76X10° 2.89X10 " 9.43X10° 8.50X10° 2.79X10° 4.76X10° 1.07X10°
F4  FHHE 4.00X10° 5.06X10° 4.07X10° 4.07X10° 4.49X10* 4.05X10° 4.12X10* 4.39X10* 4.06X 10"
FrfE2E 1.72X1077 5.43X10" 7.11X10 " 1.16X10" 3.14X10" 2.36X10° 2.86X10" 4.98X10" 1.19X10"
F5  FE¥{E 5.07X10° 5.36X10° 5.18X10° 5.24X10° 5.48X10° 5.24X10° 5.30X10° 5.49X10° 5.31X10°
PR 2.52X10° 1.16X10" 2.99X10° 8.39X10° 7.78X10° 7.31X10° 8.48X10° 1.80X10" 1.37X10'
F6  FH{E  6.00X10" 6.23X10° 6.00X10* 6.07X10° 6.17X10° 6.05X10° 6.02X10* 6.34X10* 6.05X 10"
PR 1.34X107° 7.25X10" 5.20X107° 6.00X 10" 2.91X 10" 5.41X10" 2.23X10" 1.53X10" 5.76X 10
F7 ¥ 7.19X10° 7.50X10° 7.32X10° 7.48X10° 7.76X10° 7.45X10° 7.29X10* 7.74X10* 7.71X10°
FrfE2E  2.89X10° 1.27X10" 3.82X10° 1.34X10" 1.11X10" 1.83X10" 8.95X10° 2.83X10" 2.56X10"
F8  FH{E  8.06X10* 8.23X10° 8.19X10° 8.23X10° 8.38X10° 8.25X10° 8.23X10° 8.39X10° 8.27X10°
PR 1.87X10° 6.88X10° 3.20X10° 7.91X10° 6.44X10° 1.19X10" 1.03X10" 1.44X10" 1.03X10'
F9 S 9.00X10° 1.05X10° 9.00X10* 9.15X10° 9.99X10* 9.02X10* 9.02X10* 1.38X10° 1.22X10°
FRifEZE 3.34X1077 9.42X10" 7.51X107* 2.19X10" 3.78X10" 8.12X10° 7.04X10° 2.75X10° 3.23X10°
F10  F¥E  1.50X10° 2.02X10° 1.69X10° 1.69X10° 2.30X10° 1.70X10° 1.72X10° 2.07X10° 1.79X10°
FRIEZE  1.44X10° 3.07X10° 1.25X10° 2.40X10° 1.88X10° 2.80X10° 2.56X10" 2.81X10* 3.74X10°
F11  SFH{E  1.10X10° 1.30X10° 1.11X10° 1.14X10° 1.20X10° 1.12X10° 1.15X10° 1.21X10° 1.12X10°
PR 1.53X10°  2.06X10° 1.77X10° 1.78X10" 3.94X10" 9.97X10" 6.96X10" 7.49X10" 1.33X10'

F12  FHE  1.65X10° 3.38X10° 1.00X10° 3.99X10° 1.64X107 2.44X10° 4.56X10° 4.44X10° 1.22X10"
FRifEZ 2.11X10°  3.13X10° 6.88X10° 5.36X10° 1.36X10" 3.05X10° 1.69X10° 4.86X10° 1.02X10'
F13  F#HE  1.31X10° 1.28X10° 7.00X10° 1.19X10° 2.85X10" 1.19X10" 1.37X10" 2.05X10" 9.40X10°
FrfE2  6.75X10°  6.99X10° 6.48X10° 8.05X10° 2.10X10" 8.03X10° 1.28X10" 1.63X10" 8.62X10°
Fl4  SFH{E  1.41X10° 3.03X10° 2.04X10° 1.51X10° 1.86X10° 1.49X10° 1.51X10° 1.90X10° 1.54X10°
PR 8.31X10° 1.86X10° 1.46X10° 3.77X10" 8.92X10° 1.09X10° 5.09X10" 8.67X10* 9.46X10'
FI5 FHE  1.51X10° 5.83X10° 2.35X10° 2.27X10° 2.43X10° 1.80X10° 2.40X10° 5.98X10° 2.08X10°
FrfE2E  1.19X10°  2.65X10° 1.41X10° 8.45X10* 8.91X10* 4.14X10* 1.54X10° 4.50X10° 7.21X10"
F16  F#HE  1.60X10° 1.87X10° 1.63X10° 1.76X10° 1.74X10° 1.73X10° 1.72X10° 1.86X10° 1.76X10°
FrfE2E 3.32X10°  1.17X10° 2.28X10" 9.84X10" 7.70X10" 1.22X10* 7.72X10" 1.01X10* 1.46X10"
F17  “EE 1.73X10° 1.77X10° 1.71X10° 1.77X10° 1.78X10° 1.76X10° 1.75X10° 1.79X10° 1.76X10°
FRIEZ  4.95X10°  2.20X10" 1.06X10" 3.24X10" 1.05X10" 3.00X10" 2.33X10" 4.03X10' 3.81X10'
FI18 FH#fE  1.86X10° 1.10X10° 1.03X10° 1.85X10° 1.06X10° 1.85X10" 1.33X10" 1.82X10" 8.75X10°
FrfE2E  7.74X10°  5.87X10° 6.34X10° 1.17X10* 8.06X10" 1.32X10" 1.10X10' 1.23X10"' 7.67X10°
F19  F#E  1.90X10° 1.08X10" 3.35X10° 3.40X10° 4.76X10° 3.40X10° 4.32X10° 2.33X10" 3.01X10°
FrfE2E  3.32X10°  1.09X10" 2.98X10° 4.35X10° 3.89X10° 3.07X10° 7.68X10° 2.30X10"' 1.48X10°
F20 “EME 2.02X10° 2.10X10° 2.00X10° 2.11X10° 2.11X10° 2.06X10° 2.05X10° 2.15X10° 2.08X10°
FREZE  4.56X10°  5.12X10" 5.19X107" 5.40X10" 2.78X10" 4.05X10" 4.03X10" 8.16X10" 6.19X10"
F21  SFE{E 2.27X10°  2.30X10° 2.29X10° 2.26X10° 2.26X10° 2.30X10° 2.22X10° 2.32X10° 2.30X10°
FrfE2E  5.07X10° 5.78X10" 3.62X10' 6.72X10" 6.25X10" 5.21X10" 3.76X10" 4.95X10" 6.27X10"
F22 M 2.30X10° 2.42X10° 2.30X10° 2.30X10° 2.36X10° 2.30X10° 2.30X10° 2.32X10° 2.30X10°
FrfE2E 7.45X107" 1.69X10° 8.20X10° 2.04X10" 1.65X10" 1.02X10" 1.11X10" 1.31X10" 1.79X10'
F23  SFEH{E 2.61X10° 2.68X10° 2.62X10° 2.62X10° 2.65X10° 2.64X10° 2.63X10° 2.65X10° 2.64X10°
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Continuation table 1
M @it CDHOA HOA ADE VPPSO SCA DO DBO WOA SSA
PR 2.52X10° 1.78X10" 4.05X10° 9.44X10° 6.89X10° 1.20X10" 7.71X10° 1.49X10" 1.73X10'
F24  SE¥IME 2.70X10° 2.77X10° 2.74X10° 2.73X10° 2.73X10° 2.75X10° 2.74X10° 2.75X10° 2.75X10°
bR 8.01X10" 8.86X10" 3.03X10" 7.73X10" 9.59X10" 6.94X10" 7.30X10" 8.10X10" 8.54X10'
F25 B 2.92X10°  3.00X10° 2.93X10° 2.91X10° 2.96X10° 2.91X10° 2.94X10° 2.96X10° 2.93X10°
FrfE2E  2.27X100 5.41X10" 1.57X10' 2.23X10" 1.23X10' 6.42X10" 2.25X10" 3.31X10" 2.50X10"
F26  SF{E  2.91X10° 3.35X10° 3.01X10° 2.98X10° 3.09X10° 2.98X10° 3.03X10° 3.22X10° 3.04X10°
PR 2.78X10"  2.57X10° 1.22X10° 2.10X10° 3.46X10" 1.08X10* 1.95X10* 3.74X10* 2.21X10
F27  SE¥{E 3.09X10° 3.18X10° 3.09X10° 3.10X10° 3.10X10° 3.10X10° 3.10X10° 3.13X10° 3.11X10°
PR 1.35X10°  2.81X10" 8.02X107" 1.21X10" 1.69X10" 9.68X10" 4.51X10° 3.88X10" 2.84X10'
F28 SFMH  3.40X10° 3.53X10° 3.33X10° 3.30X10° 3.27X10° 3.26X10° 3.35X10° 3.35X10° 3.35X10°
FrfE2E  5.60X10°  1.56X10° 6.89X10" 1.40X10* 5.73X10" 1.37X10* 1.15X10° 1.16X10* 1.29X10"
F29  SFME  3.15X10°  3.25X10° 3.18X10° 3.22X10° 3.23X10° 3.22X10° 3.25X10° 3.30X10° 3.25X10°
FREZE 1.09X10'  7.61X10" 1.31X10" 5.84X10" 2.72X10" 5.60X10" 7.99X10" 7.16X10" 7.70X10
F30 “FIfH 8.52X10° 2.58X10° 1.40X10° 1.02X10° 6.91X10° 3.42X10° 3.85X10° 9.90X10° 2.30X10°
PR 2.45X10° 5.88X10° 1.44X10° 2.57X10° 4.25X10° 5.01X10° 5.32X10° 1.28X10° 3.73X10°
Friedman “F9HE4 1. 62 7. 90 3.48 3.83 6. 86 4.00 4.62 7.79 4.90
244 1 9 2 3 7 4 5 7 6
cosine algorithm, SCA)™ | i /A 3 5 1k ¥ % (dandelion LT

optimizer, DO | WEME AR 4k 55 5 (dung beetle optimizer,
DBO)™ 5 61 4t Ak B 1% (whale optimization algorithm,
WOA)™ | B 4 1k b B ¥ (sparrow search algorithm,
SSAY MR IR L.

N B A T, 9 R R EE KSR TR [R) 1 3 B
PR EL(50 000 W) . BIFHBEHLBL N =100, fie K% ARk &K
T=500, HAFIEHFMNSHEHRBEEART LSS,
9 B X B BRBCI ST 3B AT 30 WK, 18 5 B AR R BUE T
YIE bR 2%, I 384T Wilcoxon's B FIAG 36 L B Friedman's
L RN R e R UL g R R 1B o NS

J3Ah X CEC2017 M 4R A i 9 AN 3 e 250 CHRL I R
B F1, 20 RE F5.F8, iR A %L F16.F18.F19, & & R 4L
F22.F23.F28) kA7 4 B Dim = 30, FhEEMAR N =100, &
RIEAREL T =500 19 53015 Btk SR WA R0PE 43107

B TE MATLAB R2024a 544 4 F SE 3 o B, fig A 4
. Windows 11 64 i #:/E R4, AMD Ryzen 7 7840HS w/
Radeon 780M Graphics 3. 80 GHz, W 32 GB.,
3.1 CDHOA 5H & XKL

MY Dim=10, LE 4R P E S/ dEZE R 1
BN, 3% 2 ) Wilcoxon B FIAS 56 45

® 2 Wilcoxon I 7E 10 4 CEC2017 Uik & A TIK 45 R * bt
Table 2 Comparison outcomes attained by Wilcoxon test on the 10-dimensional CEC2017 test suite

PR HOA ADE VPPSO SCA DO DBO WOA SSA
BB 1.70X10 % 1.70X10 % 7.76X10° % 1.70X10 % 7.76X10 % 1.66X10 " 1.70X10 % 1.04X10 "
ZUERE 4.85X10 % 6.58X10 % 2.14X10° 7 9.77X10 * 2.46X10° % 4.17X10 % 3.77X10 % 8.75X10°
RBARE 3.88X10 " 4.87X10 % 2.95X10 7 1.65X10 ¥ 7.93X10 * 1.30X10 * 1.43X10 * 1.35X10 *
EARE 1.95X10° 8.66X10 % 2.45X10 " 3.28X10 % 1.21X10 " 1.05X10 " 1.82X10 ° 4.89X10 °
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Fig. 2 Convergence curves of nine algorithms for twenty-nine text functions with Dim=10
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Table 3 Comparisons of CDHOA and other eight algorithms for 29 test functions in CEC2017 with Dim=30
EaRAe it CDHOA HOA ADE VPPSO SCA DO DBO WOA SSA
Fl S 1.03X10° 2.71X10" 5.90X10° 7.90X10° 1.61X10" 1.10X10° 3.99X10" 5.52X10° 8.48X10°
PREZE  7.98X10° 5.86X10° 3.36X10° 7.59X10° 2.39X10° 9.33X10" 5.85X10" 2.37X10° 5.91X10°
F3 FHME 3.41X10° 5.99X10" 1.53X10° 3.38X10" 6.11X10" 2.65X10° 9.12X10" 2.34X10° 4.77X10"
FRMEE  1.67X10° 7.64X10° 2.37X10" 9.00X10° 1.35X10" 1.51X10° 2.22X10" 5.48X10" 7.04X10°
F4 FHMH 5.01X10° 4.54X10° 5.17X10° 5.07X10° 2.02X10° 5.03X10° 5.70X10° 7.02X10° 4.99X10’
PREZE 2.64X10" 1.18X10° 1.58X10' 1.97X10" 5.53X10° 1.82X10" 8.92X10" 8.56X10" 2.31X10'
F5 FHME 6.35X10° 7.49X10° 6.99X10° 6.62X10° 8. 15X10° 6.63X10° 6.99X10° 8.07X10° 7.47X 10"
FRifEZ  2.46X10" 3.85X10" 1.08X10' 3.85X10" 2.43X10" 3.16X10" 5.69X10" 5.86X10" 5.10X 10’
F6 FEIE 6.06X10° 6.54X10° 6.01X10° 6.42X10° 6.58X10° 6.41X10° 6.23X10° 6.71X10° 6.51X10°
FRifEZE  2.78X10° 7.04X10° 2.33X107" 9.12X10° 5.11X10° 1.11X10" 7.02X10° 1.12X10" 9.68X 10
F7 A 9.08X 10 1.14X10° 9.50X10° 9.58X10° 1.18X10° 9.81X10° 9.62X10° 1.26X10° 1.22X10°
FRifEZE  2.74X10" 6.43X10" 1.55X10' 6.10X10" 4.03X10" 6.67X10" 8.04X10" 6.30X10" 1.06X 10
F8 SEHME 9.07X10% 1.02X10° 9.91X10° 9.13X10° 1.07X10° 9.47X10° 1.00X10° 1.03X10° 9.70X 10"
FR#fEZE  2.77X10" 2.85X10" 1.22X10' 2.74X10" 2.19X10" 3.47X10" 4.57X10" 4.24X10" 3.31X10’
F9 EME 2.16X10° 5.27X10° 2.06X10° 3.74X10° 6.77X10° 5.04X10° 6.05X10° 1.00X10" 5.32X10°
FRifEZE  8.09X10° 1.04X10° 5.54X10% 9.10X10* 1.41X10° 1.66X10° 1.92X10° 3.06X10° 2.93X10
F10  F¥ME 6.06X10° 6.89X10° 7.33X10° 4.62X10° 8.54X10° 4.99X10° 5.19X10° 6.67X10° 5.36X10°
FRifEZE  4.77X10° 7.28X10% 3.30X10° 7.30X10° 2.78X10* 7.16X10° 7.47X10* 8.53X10* 5.96X 10
F11 ¥ 1.27X10° 3.79X10° 2.06X10° 1.32X10° 2.59X10° 1.25X10° 1.53X10° 4.68X10° 1.26X10°
PR 5.83X10" 1.08X10° 5.45X10° 4.21X10' 5.06X10° 4.23X10" 1.43X10* 2.10X10° 6.55X 10’
F12 F¥E 7.14X10° 3.29X10° 2.27X10" 1.20X107 1.90X10° 5.91X10° 3.19X10" 1.33X10° 1.42X10°
FrdfEZE 6.64X10° 1.00X10° 1.30X 10" 9.24X10° 6.08X10° 3.45X10° 5.37X10" 7.40X10" 1.08X10°
F13  F¥E  1.34X10° 6.00X10° 1.89X10° 1.04X10° 7.84X10° 1.11X10° 2.49X10° 5.55X10° 1.70X 10"
FRdEZE 1.42X10° 4.75X10° 1.94X10° 5.28X10° 2.70X10° 7.50X 10" 6.34X10° 4.24X10° 1.83X10"
Fl4  F¥E  1.58X10° 1.06X10° 5.37X10° 6.45X10" 4.53X10° 4.41X10" 1.11X10° 2.25X10° 5.25X 10"
FrfEZE  5.50X 10" 5.36X10° 4.50X10° 4.34X10" 2.87X10° 3.43X10" 1.19X10° 2.40X10° 5.37X 10’
FI5  F¥E 2.15X10° 1.44X107 7.63X10° 4.95X10" 3.60X10" 4.86X10" 6.74X10" 1.99X10° 9.14X10°
FRdEZE 1.96X 107 2.82X 10" 6.50X10° 3.71X10" 3.03X10" 2.71X10" 5.00X10" 2.44X10° 9.80X10°
F16  SEXME 2.39X10° 3.75X10° 2.99X10° 2.83X10° 3.88X10° 2.68X10° 3.09X10° 3.86X10° 2.91X10°
FRfEZE  2.44X10° 3.37X10° 1.59X10* 2.62X10° 2.03X10° 2.61X10° 3.51X10° 4.60X10* 3.80X10?
F17  SE¥ME 1.94X10° 2.51X10° 2.27X10° 2.23X10° 2.61X10° 2.22X10° 2.42X10° 2.72X10° 2.57X10°
FRdEZ 7.99X 10" 2.29X10° 1.04X10° 2.07X10° 1.56X10° 2.33X10° 2.08X10° 3.16X10° 2.52X10°
FI8 S 6.24X10° 5.69X10° 2.28X10" 6.83X10" 8.08X10° 8.11X10" 2.20X10° 4.53X10° 4.61X10’
FRdEZE 7.61X10° 4.96X10° 1.20X10° 7.33X10° 7.44X10° 6.60X10° 3.71X10° 5.07X10° 4.99X10°
F19  SE¥E 2.16X10° 8.80X10° 5.25X10° 6.92X10° 5.49X10" 1.15X10° 8.50X10° 9.59X10° 1.31X10'
FREZE 1.70X10° 1.32X107 6.45X10° 4.53X10° 3.18X10" 1.29X10° 2.25X10° 6.67X10° 1.17X10'
F20  SE¥ME 2.31X10° 2.68X10° 2.54X10° 2.50X10° 2.81X10° 2.61X10° 2.63X10° 2.88X10° 2.81X10°
FRdEZE  7.91X10' 2.28X10* 1.02X10* 1.54X10* 1.47X10* 2.04X10* 2.27X10* 2.01X10* 1.82X 10
F21  SE¥ME 2.41X10° 2.55X10° 2.49X10° 2.45X10° 2.58X10° 2.45X10° 2.48X10° 2.59X10° 2.51X10°
FREZE 2.66X10" 3.24X10" 1.21X10' 3.17X10" 1.62X10" 3.96X10" 2.92X10" 5.79X10" 4.94X10'
F22  SE¥ME 2.31X10° 6.73X10° 5.45X10° 4.38X10° 8.83X10° 4.79X10° 5.58X10° 7.55X10° 5.68X10°
FREZ 3.55X10° 1.61X10° 1.04X10° 2.03X10° 2.33X10° 1.95X10° 2.00X10° 1.43X10° 1.95X%X10°
F23  FME 2.79X10° 3.30X10° 2.84X10° 2.83X10° 3.04X10° 2.87X10° 2.88X10° 3.10X10° 2.92X10°
PREZE 3.72X10" 8.78X10" 1.47X10' 4.52X10" 4.52X10" 6.59X10" 6.80X10" 1.00X10* 5.59X10'
F24  FME 2.96X10° 3.54X10° 3.04X10° 2.97X10° 3.20X10° 3.06X10° 3.04X10° 3.19X10° 3.11X10°
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Continuation table 3

PR AL g1t CDHOA HOA ADE VPPSO SCA DO DBO WOA SSA
FRifEZ 2.65X10" 1.14X10° 1.60X10' 4.04X10" 2.95X10" 5.83X10" 6.24X10" 8.83X10" 8.72X10’
F25  FME  2.90X10° 3.53X10° 2.90X10° 2.92X10° 3.41X10° 2.89X10° 2.94X10° 3.06X10° 2.90X 10’
PRUEZE 214X 10" 1.33X10° 8.68X10° 2.25X10" 1.54X10° 1.23X10" 5.74X10" 5.04X10" 1.87X10'
F26  FXMH  4.75X10° 8.48X10° 5.55X10° 4.72X10° 7.44X10° 5.49X10° 5.78X10° 7.79X10° 6.13X 10’
PREZE 1.02X10° 5.04X10° 1.90X10* 1.22X10° 2.74X10° 1.14X10° 9.52X10° 1.41X10° 1.20X10’
F27  FXME  3.24X10° 3.95X10° 3.23X10° 3.29X10° 3.48X10° 3.27X10° 3.27X10° 3.42X10° 3.27X10’
FRMEZE  1.81X10" 1.91X10° 7.31X10° 6.31X10" 7.03X10" 2.63X10" 3.63X10" 1.03X10° 4.60X10"
F28  FHME 3.24X10° 5.09X10° 3.30X10° 3.29X10° 4.07X10° 3.23X10° 3.37X10° 3.46X10° 3.24X10°
PREZE 3.56X 10" 4.51X10° 1.66X10" 2.21X10" 1.78X10° 2.11X10" 7.41X10" 6.37X10" 2.31X10'
F29  FME 3.67X10° 5.19X10° 4.20X10° 4.21X10° 5.00X10° 4.09X10° 4.11X10° 5.08X10° 4.17X10°
FRUEZE  1.09X10% 3.87X10° 1.25X10° 2.00X10° 3.32X10° 2.18X10° 2.65X10° 3.89X10* 2.53X10"
F30  FME  1.51X10° 1.27X10° 3.59X10° 4.83X10° 1.20X10° 6.04X10° 1.39X10° 2.76X10" 1.71X10'
PREZE 6.14X10° 9.27X107 4.21X10° 3.03X10° 5.57X10" 3.30X10° 3.03X10° 2.75X10" 1.00X10"

Friedman ‘P44 1. 66 7.69 4.41 3.28 8. 00 2.93 5.14 7.76 4.14

HAHEA 1 7 5 3 9 2 6 8 4

£ 4 Wilcoxon I 7E 30 4 CEC2017 Uik & ERYMIX & R 7tk
Table 4 Comparison outcomes attained by Wilcoxon’s test on the 30-dimensional CEC2017 test suite

PR AL HOA ADE VPPSO SCA DO DBO WOA SSA

B0 bR K 2.35X10°°% 6.45X10 % 4.09X10 % 2.35X10° % 2.48X10°° 9.32X10 " 1.63X10 ° 3.54X10"
IR EE 3. 79X 107" 6.22X107% 1.64X10° " 2.73X10 " 3.44X10° % 9.14X10° 3.75X10 " 4.15X10°
R AR 1.50X10 " 3.07X10 * 5.31X10 % 4.74X10 * 1.94X10 * 4.68X10 * 2.58X10 * 1.51X10 *
2GR 1.17X10 % 9.73X10 ° 8.39X10 ' 2.34X10 * 2.57X10 ' 1.67X10 7 5.55X10 '° 2.36X10 °
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Fig. 3 Convergence curves of nine algorithms for twenty-nine text functions with Dim= 30
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Table S Analysis of the effectiveness of different strategies for CDHOA

PRI % it CDHOA HOA GHOA CHOA DHOA
F1 3 1.16X10° 2.61X10" 3.26X10" 2.97X10° 4.12X10°
FrifE 2 6.14X10° 4. 88%10° 4.11X10° 5.07 X10° 4.81X10°
F5 - H{H 6.19X 10’ 7. 48X 10° 7. 79X 10" 7. 68X 10" 6. 45X 10
P o 2% 3.18X10' 3.52X10' 2. 71X 10" 1.84X10' 2. 72X 10
F8 FH{H 9. 04X 10’ 1.01X10° 9. 98X 10" 1.06X10° 9.12X10*
P o 2% 2.41X10' 2. 43X 10 2.15X 10" 2. 29X 10" 2.38X10'
Fl16 - 3448 2.33X10° 3.75X10° 3.71X10° 2.98X10° 2.60X10°
PrifE 2 2.96X10° 4. 28X10° 3.33X10° 1.33X10? 2.69X10°
F18 FH{H 9.10X10° 6.81X10° 5. 76X 10° 5.62X10° 1.05X 10"
bR 8. 78X 10° 5.26X10° 3.73X10° 2.30X10° 6.08X10°
F19 - {E 2.10X10° 7.76X10° 5.56X10° 2.31X10° 3.36X10°
T o 22 5.95X10" 6.33X10° 4.24X10° 9.45X10" 3.60X10°
F22 - {E 2.50%10° 7.25%10° 7.11X10° 4.12X10° 2.54X10°
PrifE 2 1.03X10° 1. 55X 10° 1.32X10° 1.30x10° 9. 08 X 10’
F23 -5 {H 2.79X10° 3.28X10° 3.25X10° 2.91X10° 2.92X10°
T o 22 3.59X10 8.15X10' 5. 44X 10" 6.09 %10’ 5.36X10'
F28 -5 {H 3.23X10° 4. 82X10° 5.16X10° 3.67X10° 3.23X10°
PrifE 2 2.90X10' 4. 27X 10 2. 48X 10 6.53X10' 2.40X10'
Friedman ¥4 1.11 4. 44 4.22 3.22 2
A HEA 1 5 4 3 2
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Fig.4 Convergence curves of five algorithms for twelve text functions with Dim=10
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I, 12>

I, =1,¢( (g(—=+R LL)/( RT) — 1) D
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V)
R, \N N,

K. I, ROt I, 8 WA, T, 9 A i A
M. R.WR, AH . IFHEHEL. V., vt HEKE, q=
1. 602 176 464 <10 " JyHFH i, k=1. 380 650 3X10 *
RBEIRES R, o WoWEHB R, B0 ~AaD
AL, SRR AR h A 5 MRS T, 1,..R,,
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Table 6 The best outcomes attained by nine methods over 30 independent runs on PMM

Ak I1,[A] I,[pA] R.[Q] R,[Q] a RMSE rank
CDHOA 1.030 51 3. 482 26 1.201 27 981. 982 26 48. 642 83 2.43X107° 1
ADE 1. 030 44 2.719 99 1.229 74 896. 782 92 47.709 21 2.56X10° 6
VPPSO 1.030 09 3.774 63 1.194 81 1 102. 585 66 48. 950 52 2.45X10 ° 4
GWO 1. 069 98 4. 735 67 1.094 99 230. 750 37 50. 000 00 1.56X107° 9
SCA 1. 027 89 4.861 39 1.101 43 613.161 30 50. 000 00 8.87x10° 8
DO 1.029 00 4.479 43 1.174 93 1 385. 324 46 49.625 15 2.52X10°° 5
DBO 1. 030 20 3.753 39 1.193 13 1 058. 223 61 48.931 72 2.43X10° 3
WOA 1.029 19 4.790 69 1. 165 51 1 393.815 18 49. 896 95 2.59X10°° 7
SSA 1. 030 96 3.237 48 1. 209 19 908. 817 26 48.365 42 2.43Xx10°° 2
x£7 KB PMM B EFEREE
Table 7 Objective function values of algorithms for solving PMM
ELR7S RIE REM FHME T 1 22
CDHOA 2.43X107° 2.43X107° 2.43X107° 1.90X107"
HOA 2.57X10° 1.44X107" 3.86X107° 4.26X10°
ADE 2.45X10°° 2.63X10°* 2.53X10° 5.46X10°°
VPPSO 1.57X107* 9.97X10°° 4,72X107° 2.40X10°"

SCA 8.87x10° 2.74X10"" 6.55x107° 6.33X10°"

DO 2.52X10°* 1. 06X 10 * 3.60x10°° 1.87X10°
DBO 2.43X10° 4.97X10° 2.68X10 ° 4.40X10 "
WOA 2.59X107° 2.74X107" 5.74X107° 1.02X107"
SSA 2.43X10°° 2.74X107" 1.21X10°° 4.95X10"°

% 6 M5 5T, CDHOA 76 ¥FiR PMM #5 %1 5 %
B3 — AR R S5, KX A MRSE Bk 2. 43X 1077,
BOE A R P E/ME. BEAk 1% MRSE B 5 3¢
k23] 48 Bk T A 1) B/ MRSE {EAHF] . i SSA &
THEESS 2 17,

CDHOA Fr #F iR By et 2 5008 100 v - vl e il 46
Elan & 5Ca) fran . - R i 2k a0 &l 5 (b) iR . L
A LAYE Wi b 0, E B R TS [l Y . CDHOA 15 3| i 40 =
B 5 S0 AR R — B

HAh A E 6 () Bl sk 4 18, il 2L &k 3t CDHOA
TER S PMM B 2 500 ) R0 88 B R0 1 8 ik
H & 6 (b) 5 £ & v %0, 3 5732 47 30 K, HOA, VPPSO,
SCA 5 WOA Frig i 25 BB /v 8 BE U R HB o W B
B4 HOA.SCA,WOA F1 SSA; T CDHOA M K vl L)
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Fig. 5 Comparisons between measured data and experimental

data attained by CDHOA for PMM
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Fig. 6 The outcomes attained by nine methods over

30 independent runs on PMM
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Table 8 Algorithms for solving pressure vessel design problem

Bk AL fE W (H ¥ fE brifE 2
CDHOA 5 885.332 77 5 885.332 78 S 885.332 77 6.62X1077
HOA 7 057.939 81 23 712.460 75 10 596. 415 43 3.69x10°
ADE 5 922. 868 05 7 319.000 70 6 346.039 08 4.16X10°
VPPSO 5 890. 285 88 7333.771 43 6 688.293 08 4.78X10°
SCA 6 014. 867 02 8 197.162 13 6 802.179 68 5.50X 10
DO 5 885.658 73 7 316.338 16 6 344.524 77 5.41X10
DBO 6 682.071 10 239 839. 906 60 40 538. 651 32 4.84X10"
WOA 6 519.393 12 14 163. 692 50 7 983.936 89 1.72X10°
SSA 7 172. 886 36 152 134. 299 68 25 288.071 23 3.40X10"

FI B B CDHOA 3K fife = ff M1 2 % i1 7 &, JF +
3.1 g 8 Bl LAE AT X . BT S S R
BESCHERARE . f#R 9 TN, B CDHOA SR P TAR 7]
LT A5 B B R Y S (B B 22 LT 3 (E N o 2 A

TP pr g 45 3, CDHOA R f# = FF#7 28 % 11 1] 13
A8 Bt » = {0.788 675 133 82, 0.408 248 292
67}, X 1 e/ HARBREUE R f =263. 895 84,

R9 RB=MFHRZITEE

Table 9 Algorithms for solving three bar truss design

RS I {E Iz H A {E bR 2=
CDHOA 263. 895 84 263. 895 84 263. 895 84 1.49X 107"
HOA 263. 895 87 264. 003 54 263.912 41 2.34X10
ADE 263. 895 86 263. 899 43 263. 896 42 7.07X10""
VPPSO 263. 895 85 263. 909 08 263. 896 93 2.50X10°°
SCA 263. 903 07 264. 125 42 263. 990 69 6. 6410 "
DO 263. 895 85 263. 897 65 263. 896 14 4.54X10°"
DBO 263. 951 66 266. 715 20 264. 884 17 8.11x10"
WOA 263. 895 91 268. 681 78 264. 618 08 1. 08X 10"
SSA 263. 915 03 270. 540 39 264. 284 36 1. 20X 10"

. Ak 2 AR AR 1) 8T L B To AL I A28 B R 45
6 % it

AR ST 1 22 SR W W A 2B B L 3l e 2R I A
LAt Ak A VG 3 B RS A0 BT R BE AL 25 00 R L B
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Sk T CEC2017 3R 4 14 4 =y A8 16 oK i o, H: 10 2
30 4 1151725 B MR PR RE S A0 T 8 ik RE A i 10 3%
PEXT L B35 5 Wilcoxon Bk FK: 36 B2 Friedman 45 56 W) 45 UE
T CDHOA B 5% W B k2 h#HhE 7 Ba B #
P BHHEASE —. IJa R BRI 2 LIRS
EiE2 AR I e 0 i B S S s SRR e B A
SR T B — 2 SR R TR T R U B R R . &
WL R W, CDHOA BE S 3 T4 & RE REe 71, B
G A MRS B RORG B, LA M e S o I R Y R A
PEMA RN, KR TR Tl — 2L B kb gk,
WERHEAC T )z 0y TR () 20 v 9 7 . G ok 0485 28 2 4
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