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Improved golden jackal algorithm for multi-objective constrained problems

Zhang Xin

(School of Electronic Engineering, Xi'an University of Posts and Telecommunications,Xi'an 710121, China)

Xu Jingping Wang Wenjie

Abstract: A multi-strategy based golden jackal optimization algorithm is proposed to address the problems of poor
population quality, slow convergence speed and easy to fall into local extremes faced by the golden jackal optimization
algorithm in solving constrained optimization problems. First, in order to increase the diversity of the population and
improve the quality of the initial solution, a chaotic elite collaborative initialization strategy is used to generate an elite
population; then, an energy regulation mechanism is introduced to coordinate the global search and local optimization;
finally, a fusion mutation method is designed for the individual differences in the population in order to prevent the
problem of local extremes. The improved algorithm is proved to have better convergence performance and faster
convergence speed through the comparison test of standard test functions. In addition, experiments on the CEC2021
test function and the pressure vessel design optimization problem further demonstrate the effectiveness and practicality
of the improved golden jackal optimization algorithm in single-objective constraints and multi-objective constraints
problems through convergence analysis. robustness test, and validation of Wilcoxon's rank sum statistics.
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Table 3 Comparison of optimization results for benchmarking functions
PREC bR GJO PSO WOA GWO LGJO 0GJO MSIGJO
AGME 1.71X107"™  3.04X10°° 9.37X10 " 4.37X10°% 1.17X10 "™ 1.09x10 "™ 0
F1  SE¥ME 2.08X10 ™  2.35X10 % 1.98X10 '™ 6.67X10 " 3.62X10 "™ 2.33X10 ' 0
FRUEZE  5.32X10 "0 3.28X10°°  2.81X10"  8.82X10°% 3.96X10 " 3.30Xx10 'Y 0
WAGE  8.00X10°%  1.01X10 " 4.18X10 '™ 5.60X10° % 3.07X10 " 1.23X10° "™ 0
F2  FHE  8.02X107°  2.39X107*  1.49X107 ' 7.98X10 % 1.54X10°% 1,26X10° "™ 0
FRUEZEE  2.74X10°%  1.95X10°Y  2.10X10 ' 3.37X10°*  2.18X10 ¥  3.45X10 7 0
wAGE  1.84x10 ™ 5.79X10° 1.19X10" 2.04X10° " 1.29X10 " 8.47X10° " 0
F3  SE¥ME  3.17X10 % 5.81X10° 1.58X 10" 7.70X10 "  2.48X10 " 1.50X10 *° 0
FRifEZ  4.46X10 " 2. 48 5.58X10°  8.00X10 *® 3.51X10 " 2.10X10 ' 0
wE  2.35x10°% 2.87 2.43 1.52X10°"  1.37X10° " 4.75X10° ¥ 0
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A 2.71X10 8.40X10 2.69X10 2.70X10 2.62X10 2.80X10 2.62X10
F5  E¥E  2.72X10 8.52X10 2.69X10 2.70X 10 2.67X10 2.80X 10 2.70X 10
FRifE2Z  1.74X10°° 1.57 5.72X10° 1. 20 6.50X10°"  3.56X10 %  3.36X10°°
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F6  FEHE 2.83 2.24X107"  2.99X10°°  3.70X10°" 1. 87 2.25 6.04X10°°
FRifE2Z  2.26X10°"  5.15X107°  7.65X10°°  1.73X10°'  8.83X10°' 6.91X10"  6.88X10°°
WA 4.16X10 " 2.97X10 % 3.43X10 " 4.15X10 " 1.25X10 "  4.25X10°  1.49X10°°
F7  FE¥E  4.89%X10 ' 3.10X10 % 1.92X10 ° 5.18X10 " 2.12X10 " 1.21X10 ° 1.91X107°
FRUEZE  1.02X10"  1.93X10°°  2.23X10°%  1.45X10°"  1.24X10°"  1.11X10'  6.01X10°°
B —6.57X10° —9.31X10° —1.15X10" —7.35X10° —1.25X10" —7.33X10° —1.26X10*
F8 F¥MEH —4.79X10° —7.76X10° —1.03X10" —6.80X10° —9.56X10° —5.56X10° —1.26X10*
brUEZ  2.51X10° 2.38X10° 1.80X10° 7. 68 X10° 3. 45X 10° 3.68X10 2.35X107"
ISR NN 0 4.38X10 0 0 0 0 0
F9  EHH 0 5.58X10 5.60X10° " 5.68X10 ™ 0 0 0
i 0 1. 69X 10 1.79X107 " 8.04X10™ M 0 0 0
BAGME  4.00X107"7  3.63X10 " 4.44X107"  1.46X107" 3.99X10°"  4.00X10° "  4.44X107'°
F10 F¥E  4.32X10° "  1.10X10 7  3.28X10 " 1.78X10 " 3.99X10 " 4.35X10 "  4.44X107"°
FRfEZE  1.12X10° " 1.56X10 %  2.24X10 Y 4.86X10 " 0 1.12X10 " 0
A AE 0 3.31X107° 0 0 0 0 0
F11  F#5{H 0 1.33X10°° 0 3.26X10°° 0 0 0
s 1 2 0 1.56 X107 0 5.25X10°° 0 0 0
WACME  1.40X107"  7.50X107°  6.28X10°" 1.27X10°% 2.86X10° % 7.71X10°°* 7.64X10°°
F12 F¥HE  2.61X10 " 3.11X10 %  8.26X10 % 2.42X10° % 8.10X10 % 1.63X10 % 4.63X1077
FRUEZE  1.79X107"  6.99X10° %  6.11X10% 1.43X10°% 3.81X10°% 7.04X10°%  5.47X107
AU 1.24 1.59X10°°  8.47X10°% 3.01X10 '  3.40X10" 1.24 2.22X1077
F13 ¥ 1.57 2.71X107°  2.40X10°"  5.94X10°'  9.55X10 ! 1.49 4.06X10°°
FRfEZ  2.02X10°0  5.13X10°°  1.58X10° " 2.16X10°'  3.33X10°'  1.29X10! 2.69X10°°
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Fig. 2 Convergence curve of the algorithm
R4 CEC2021 MK REMUER
Table 4 CEC2021 test function optimization results
PREL 5 F1 GJO PSO WOA GWO LGJO 0OGJO MSIGJO
mMMA 1.11X10 " 3.44X10°7  3.78X10 ' 6.87X10 % 1.29X10 ** 2.53Xx10 '™ 0
F1 SEEME 4,08 X107 1.00Xx10? 1.41X10 " 5,.73X10°%  1.40X10 ** 3.46X10 ' 0
FRUEZE  1.28X10 " 3.16X10° 0 1.19x10 * 0 0 0
A 0 1. 22X 10 0 0 0 0 0
F2 S 0 5.07 X 10* 5.45x10 " 9.33X10" 0 0 0
b 1 25 . 50X 10° . 0 .
i = 0 3.50X1 8.78X10 " 2.55 0 0 0
EAME 0 3.97 0 0 0 0 0
F3 FX 0 2.19X10 0 7.34X10 0 0 0
b U 22 0 1. 24X 10 0 3.78X10 0 0 0
=LE 0 1. 47 0 0 0 0 0
F4  EX¥H 0 2. 14 2.35X107"  6.55X10°° 0 0 0
PrifE 2 0 3.75X107"  4.81x107"  1.99X10°! 0 0 0
wmMMAE 1.14X10 2.41 4.12X10° ' 1.87X10 0 1.13Xx10 ** 0
F5 SEEME 2.09X 107 3.94X10* 4.56X10 " 1. 45 2.01X10% 1.78x10 "* 0
bR 2 0 3.53X10°  1.44X10 4.17 0 0 0
AtE  8.52X10°° 4.59 5.06X10" 2.31X10°* 1.11x10" 2.14%x10°" 0
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Table 4 (continued)
R f8hn GJO PSO WOA GWO LGJO 0OGJO MSIGJO
F6  FX{EH  4.88X10° 6.81X10 3.14X107"  9.73X10°"  1.68X10 % 1.87X10"' 0
EZ 1.12X107° 6.36X10 7.93X107" 1.72 4.44X107%  4.23X10°° 0
WMEME 1.09%x10" 1.81 7.62X107°  1.57X10°%  4.80X10 7 2.78X10° 7 2.22X107'¢
F7  F¥E  2.96X10° 2.99X10° 5.34X10°%  7.63X10°%  7.22X10°%  5.06X10 %  8.88X107"
FrUfEZE  2.24X107° 3.51 X 10 4.72X107%  1.01X10'  1.08X10° % 7.73X10°  1.17X10°*
AR NIED 0 3.32X10 0 0 0 0 0
F8 EHH 0 6.25%X 10 0 0 0 0 0
PR E 2 0 2.01X10 0 0 0 0 0
B 8.88X10 "7  2.35X10°°  1.84X10 ' 8.88X10 " 3.39X10 * 8.88x10 " 0
F9  Fi#E 8.88X10 "  6.85X10°°  7.99X10° " 1.15X10 " 3.55X10°"° 8.88X10 " 9.34X107*°
bR 22 0 4.34X10°°%  6.55X10° " 4.29X10 F  4.59X10 "¢ 0 0
WA 9.22X10 " 4.94X10 2.20X10* 5.77X10 1.29X10°  7.74X10°" 0
F10 F¥E  2.39X10 6.02X10 1.01X10°* 7.64X10 3. 95 3.20X 10 8.90X 107
fREZE  3.88X10 1. 67X 10 4.92X10? 1.24X 10 1. 25X 10 4.17X10 0
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Fig. 3 CEC2021 test function convergence curve
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3.4 Wilcoxon FF1#6 1&

B E MSIGJO 5 i 19 1 RE 0 #, & B 58 R
Wilcoxon B FE e % CEC2021 MK AE I (AR 4k 25 5 3617 48
P . PR A /N AT LA il 9 R Tk 2 22 R B
P, — S P EH<SUR, RRMEFAARELER, MEKS
B K B0 45 5 2 B MSIGJO 51 55 % He 573 3 78 K 2 50
WA L MERREANR2ER. X—8i 8 RAIEL T
MSIGJO B k7 4086 9 5 25 00 3, TR it 38 F 175
TRAE SR S B bR 29 S Ak ) R RS (7% T S R

&5 Wilcoxon I NI ER
Table 5 Wilcoxon rank sum test experimental results

P {H GJO PSO WOA GWO LGJO 0OGJO
F1 6.39X10°° 6.39X10° 6.39X107° 6.39X107° 6.39X10° 6.39X10°
F2 1 6.34X10° 3.44X107° 1.98X107° 1 1
F3 1 6.39X10° 1 2.21Xx10° 1 3.68X10""
F4 1 6.39X10° 1 6.39X10° 1 1
F5 6.39X10°° 6.39X10° 6.39X10°° 6.39X10°° 1 5.97Xx10°°
F6 6.39X10 ° 6.39X10° 6.39X10° 6.39X10 ° 6.39X10° 6.39X10°
F7 6.39X10 ° 6.39X10 ° 6.39X10° 6.39X10° 6.39X10 ° 6.39X10°
F8 1 6.39X10 ° 1 1 1 1
F9 1.69X10 " 1.73X10 " 1.41X10" 8.17X10° 1.73X10" 1.63X10 "
F10 1.83X10 " 1.83X10" 1.83X10" 1.83X10" 1.83X10" 1.83X10"

3.5 EABH|GITHA@E Variable range
FE A2 st AL 1) R 2 iy TR R i 2 B ARk 0<Cx, < 100,i = 1,2; (32)

TRl , s de B T, BLEE T, . WERE R MR
KB L 34 A Bt 28 b i, H AR 2 7E 0 e — € i 4R
AT OAIX 4 A Bt AE ok f /B SRS CRF R i 8
FVRIE B RLAS) S A0 2 TSR A A R4 19 2 3 br ok B0 /b
HIRE, eI 25dn Tt ALY B AR iR ECH

Variable x = [T.,T,,R,LJ;

minf (x) = 0.622 4z, 2,20, +1. 778 lx, x5 +
3.166 1xix, +19. 84xix,;

S. L.
g1(x) = —ax,+0.0193x, < 0;
g,(x) = —2,+0.00954x, < 0;
; A
g:(x) = —nxlz, — T;“ +1 296 000 < 05
g.(x) =2, —240 < 0;

+ 116 -

10 << 2, < 200,i = 3.4

S T BRI SR A R T A5 4 B0V A ) AR A A R
FH GJO.PSO.WOA.GWO,LGJO.OGJO K MSIGJO
T ST IR T X SR, SR E M T NS
BB R 1, FREALE N 30, f KA WAL 1 000 WK, 4
PSR ST 24T 20 IR, SEERZE AR 6 TR . MSIGJO &
AR T 283 B AR A Ak T 3R I R A B AR R AR i
6 059. 71, MEFhrE GJO Bk, MSIGJO W) &AM
2 A A BIREAR T 882. 81 Hl 1370. 65, St g EA,
MSIGJO B L TE iR e e J R # BT e i) s v B B 3%
g, RENE A4S AL A 31 07 2, FE 4 B0 0IE T I% 5 Ik TE T
MEANBiRHAZ ALY REFERE L TR EA A
fif# vk 18] B B € 7 L ARAE B T MSIGT O 4509 75 52 bR T 7% W
oA B
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Table 6 Optimization results of pressure vessel design
Bk T, T, R L best mean
GJO 18. 28 9.10 56. 97 51. 60 6 942.52 7 448. 25
PSO 13. 00 6.78 42.09 176. 63 6 063.92 6 704.49
WOA 15. 66 8. 10 49. 64 101. 16 6 622.79 9 141.63
GWO 12. 86 7.36 42.08 176. 80 6 061.79 6 366. 44
LGJO 15. 88 7.56 51. 37 87.93 6 455.53 7 016.48
0OGJO 13.40 6. 89 40. 32 200. 00 6 290. 35 6 780. 45

MSIGJO 12. 96 7.34 42.08 176. 94 6 059.71 6 077. 60
4 o w with golden jackal optimization algorithm [ ] J.
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