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Multi-strategy collaborative improvement hippo optimization
algorithm and its applications
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Jiao Jiangtao

Abstract: Aiming at the problems that the standard hippopotamus optimization algorithm (HO) has slow convergence
speed, easy to fall into local optimum and imbalance between search and development, this study proposes the multi-
strategy cooperative hippopotamus optimization algorithm (MSCHO). Circle mapping is introduced in the initialization
stage to enhance the diversity of the initialization population and reduce the blind area of initialization; secondly, the
mirror-pole random wandering strategy is introduced in the HO position updating stage to enhance the possibility of
finding the optimal solution; finally, nonlinear adaptive Cosine adaptive t-distribution variation is used in the HO
exploration stage to improve the convergence speed and stability of the algorithm. In order to verify the improvement
effect and performance of the algorithm, five swarm intelligent optimization algorithms are selected to simulate eight
classical test functions and the experimental results show that compared with other algorithms, the improved MSCHO

has more excellent optimization ability and convergence speed.
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Table 2 Comparison of 30-dimensional test results of single-peak and multi-peak test functions

B gt F1 F2 F3 F4 F5 F6 F7 F8
HHO Ave 2.39X 107" 1.94X 10" ™ 2.62X10* 7.56X10" " 4.44X107" 0.00X 107" 2.43X10 " 3.32X10*
Std 1.30X107% 7.10X10 ™ 1.43X10 % 2.81X10 ™ 0.00X 107" 0.00X 10" 2.79X10 " 5.01X10 ™
WO Ave 3.57X10 * 8.42X10 * 4.98X10 * 2.39X10 ° 4.42X10 " 5.73X10 ™ 3.13X10 * 3.99x10 "
Std 5.84X10 % 6.83X10 * 1.06X10 " 3.79X10 ° 5.63X10 "7 7.35X10 ™ 1.89X10 " 2.34X10
DEO Ave 8.78X10 % 8. 18X 10 * 2.48X10 ™ 3.84X10 ™ 4.44X10 " 4.19X10 * 7.16X10 " 7.21X10 *
Std 4.81X10 " 4.47X10 ™ 1.36X10 " 2.01X10 ™ 0.00X 10" 2.29X10 * 1.02X10 " 7.56X10 *
HO Ave 0.00X107 1.50X 10 "% 0. 00X 107 7. 88X 10 """ 4.44X 107" 0.00X 10" 4.48X 10" 2.07X10 *
Std 0.00X107" 0.00X 107" 0.00X 107" 0.00X 107" 0.00X107" 0.00X 10" 1.45X10"™ 6.51X10 ™
MSCHO 0.00X10" 0.00X10"" 0.00X10"" 0.00X10"" 0.00X10"* 0.00X10"" 1.57X10"* 1.35X10 *
0.00X10%" 0.00X107" 0.00X10%" 0.00X107" 0.00X10%* 0.00X107" 5.57X10"*® 5.58X10 *
3 BiIE . SEMNREL 100 £EMWRERETLE
Table 3 Comparison of 100-dimensional test results of single-peak and multi-peak test functions
B Gt F1 F2 F3 F4 F5 F6 F7 F8
HHO Ave 2.79X10 7 1.60X10 °" 1.42X10 " 6.77X10 ™ 4.44X10 ' 0.00X 107" 2.07X10 * 4.80X10
Std 1.53X10 % 5.47X10 " 7.80X10 " 3.54X 10 0.00X 10" 0.00X10"™ 3.97X10 " 5.11X10 *
WO Ave 3.79X10 " 1.34X10 ™ 1.48X 107" 2.19X10 “ 7.22X10 * 2.95X10 ™ 2.13X10 ** 6.15X10"
Std 3.02X10" 3.96X10 " 1.99X10"" 3.04X10 " 2.67X10 * 6.87X10 " 5.41X10 " 5.18X10 ™
Ave 3.63X10 "™ 5.39X10° % 3.63X10 ™ 9.52X10 " 5.62X10" 0.00X10"" 2.03X10" " 7.21X10""
DBO y . .
Std 1.45X107" 2.21X10 % 1.99X 10 * 5.15X 10 ** 6.48X10 " 0.00X 10" 1.51X 10" " 6.10X 10"
“+00 191 “+00 191 16 —+00 05 03
HO Ave 0.00X107" 4. 48X 10 0.00X10" 5.29X10 4.44X107" 0.00X107" 6.23X10 1.20X 10
Std 0.00X107" 0.00X107" 0.00X107" 0.00X107" 0.00X107" 0.00X10%" 2.16X10 " 2.45X10 ™
MSCHO 0.00X10%" 0.00X107" 0.00X10"" 0.00X107" 4.44X107"" 0.00X 107" 1.57X10" % 1.35X10 "
0.00X10" 0.00X10"" 0.00X10"" 0.00X10"" 0.00X10"* 0.00X10"" 5.57X10" " 5.58X10

R4 MHRBAYELERILL

Table 4 Comparison of effectiveness results of improvement strategies

By st F1 F2 F3 F4 F5 F6 F7 F8

HO Ave 0.00X107 7.33X10 " 0.00X 107" 4.19X10 """ 4.44X 107" 0.00X10"" 3.07X10"" 7.38X10 "
Std 0.00X10"" 0.00X10"" 0.00X10"" 0.00X10"" 0.00X10"* 0.00X10"" 1.17X10"* 3.27X10 "

MSCHO Ave 0.00X10"" 2.67X10 *° 0.00X10"" 1.30X10 " 4.44X10 " 0.00X10"" 1.44X10 " 1.92X10 "
o Std 0. 00X 107" 0.00X107° 0.00X107" 0.00X107" 0.00X107° 0.00X107" 1.84X107" 5.09x10~"
MSCHO.2 Ave 0.00X107 7. 78X 10 %" 0. 00X 107" 8. 06X 10 ** 4.44X 10" 0.00X 107" 1.57X 10 * 5.17X10 "
0.00X10%" 0.00X 107" 0.00X107" 0.00X 107" 0.00X107" 0.00X107" 5.57X10 " 2.83x10 "

MSCHO3 Ave 0.00X107" 0.00X107 0.00X107" 0.00X107" 4.44X107" 0.00X10"" 4.12X10"" 3.89x10™ "
0.00X10" 0.00X10"" 0.00X10" 0.00X10"°" 0.00X10"* 0.00X10"" 4.21X10"* 1.37X10 "

MSCHO 0.00X10" 0.00X10"" 0.00X107° 0.00X 10" 4.44X10 " 0.00X10"" 1.57X10 * 3.91X10 *
) 0.00X 10" 0.00X107° 0.00X10"" 0.00X107™ 0.00X107" 0.00X10"" 5.57X10"* 1.40x10 ™

HEZ) Ll UE H L k98 5 3 (MSCHO-1 & MSCHO-3 K& RN G T NREAS B, 5 AR X 25 R, B T i R RN B
MSCHO) M PERER B3 L T 2R HO, FATRAET 3 PSR A 55 Re L 9T DUAE PP A% B30 30 W00 A5 Ak b, T LAY Bl 445 38
W45 S Eh R AR A B R, BB AR TE T B R R MR FIREMIZE R, ARSCHE 6 AU R Ll 30 KER
3.7 Wilcoxon #£f1# 16 BATWCE MSCHO Je X L6 4 B 53 3% M 6e B4l . ik 17

Wilcoxon Bk FIH 56 HA AR IR 047 A S WAL Wilcoxon BRFIREE , H 45 N3 5 A 4%, B 25 76 50 0 bR %
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Table 5 Wilcoxon rank sum test results
RS F1 F2 F3 F4 F7 F8
HHO 1.21X107" 1.21X107" 1.21 X107 " 1.21 X107 " 1.7X107" 1.21x107"
GWO 1.21 X107 " 1.21Xx10 " 1.21 X107 " 1.21 X107 " 1.7X107" 1.21X107"
DBO 1.21x10" 1.21X107" 1.21Xx10°" 1.21x10°" 1.7X10°" 1.21Xx10°"
HO NaN 1.21X10°" NaN 1.21x10°" 1.7X10°" 1.21Xx10°"

FIM F3 5 REEHRENME, EA0E PEB/NT
0.05,%MH MSCHO 5 4 M A LA HEREZER LW
T ekt A R .

4 EERIBNMASH

S UE R A MSCHO 5 3 78 i 51 T 72 4 4k 1) f
TR AT v S M L AR SOk BROAR B2 92 A 4K TR) B (welded

beam design problem) . B Bf JZ W7 & % 11 [A] 2 ( step-cone
pulley design problem) #% 3 47 3K, 5286 2 4 ik & Fh
FERLE N 30, S RIEARKECH 1 000, 15 21 fe A il A (B A1 £
HeAp i A RN 7.8 R .
4.1 12EZM L5 T (welded beam design problem)

Y BSR4 AR R R B 00 Ak ) R B R AL
P AR SO IS B AR 3 R T A8 (welded beam design

%6 BEREHAE

Table 6 Optimization problem of welded beams

SR P L E G T s O max O max
ERS G A RRE P A A DY BRI RKRIEN S R
B 6 000 14 30 10° 12X10° 13 600 30 000 0.25
F7 BEZETEHAMNLE R
Table 7 Comparison of test results for welded beam optimization problem
RS A IRA X, X, X, X,
MSCHO 1.696 2 0.203 2 3.286 9 9.036 6 0.2057
DBO 1.773 2 0.201 4 2.941 6 10.000 0 0.201 4
HHO 1.845 1 0.152 0 5.036 2 9.132 0 0.205 3
GWO 1.699 3 0.2015 3.3255 9.039 5 0.2057
HO 2.220 1 0. 356 4 2.214 0 6.863 2 0.356 7
MSMDHO 1.713 1 0.192 3 3.536 4 9.036 6 0.205 7
THO 1.768 1 0.198 7 3.317 8 9.545 7 0.204 1
F8 MEEEEREITEAEMNALE R
Table 8 Comparison of test results for the design issues of stepped pulleys
Bk AL A D1 D2 D3 D4 w
MSCHO 16. 624 39.686 6 54.611 3 72.809 1 87.294 5 87.113 2
DBO 18. 256 40.916 8 56. 305 4 75.067 6 90.000 0 90. 000 0
HHO 26.156 40. 244 6 55.376 6 73.844 0 88.521 8 85.895 3
GWO 21.513 40.914 3 56.304 2 75.058 5 90. 000 O 87.706 6
HO 16. 827 40.162 1 55.266 0 73.682 1 88.340 2 86.098 0
MSMDHO 18.022 40.915 4 56.303 6 75.066 1 89.995 4 87.873 3
IHO 18. 256 40.916 8 56.305 4 75.067 6 90. 000 0 90. 000 0
problem) fE R MK Bl . % 1) 35 7E oMU R AR BRI AR R AR AL R, S LB 2 =[x,

3 FRCAS [ IR 396 A2 1 7 B B L T AR B S il A5 2 R A% A

fzur:s’fx]’rv /ﬁ\:;:':; X jﬂ‘}(%éi%g){, f;;ﬂ?*:?éi%{(&sf| jﬁl%
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4.2 Br#h 1% 11 i8] B3 (step-cone pulley design problem)

B K7 5 38 1 T ) IR Rao 76 2011 4R42 4, H
FUIEAR AT IE AE 2 20 AHUAK 3 T R) 80 9 PR RE L i 0]
BORAEWE RALT S (TR R I AR ST L
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b B R AL R IR AR RS g0 WA R, A
Posh, HEEXLH,

[ VIR RYIE S AT S

R, >2,P, >0.75X745.699 8,i = 1,2,3,4,

o =7200,a =3,z =0.35,s = 1.75 X 10°,

t =8X10°,N = 350,N, = 750,N, = 450,

N, = 250,N, = 150,
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) L, A 5 3t —Fh il & Circle TR DU BLST BSR40 22 BEHL
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W R A EPERRER I . XRAMRIE T 3 PR MR A5 A K
R A O, B R T T HO 4R S0 RE 01 ik
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