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Northern Goshawk Optimization algorithm for
multi-strategy co-optimization and its application

LEI Wenjing, HE Qing

(College of Big Data and Information Engineering, Guizhou University, Guiyang 550025, China)

Abstract: To solve the problems of the Northern Goshawk Optimization algorithm (NGO), such as low optimization accuracy,
slow convergence speed and easy to fall into local optimal values, northern goshawk optimization algorithm for multi-strategy co—
optimization ( BLONGO ) is proposed in this paper. Firstly, the optimal individual leading strategy is used to improve the
optimization accuracy and convergence speed of the algorithm. At the same time, the enhanced Levy flight strategy is used to avoid
the population individuals falling into the local optimal value. Secondly, the pinhole imaging strategy is used to perturb the current
optimal value to increase the population diversity and improve the optimization accuracy of the algorithm. Through 10 benchmark test
functions, Wilcoxon rank sum statistical test and partial CEC2014 function optimization comparison, it is verified that the
optimization accuracy, convergence speed and robustness of the improved algorithm are improved. Finally, two engineering
optimization problems are introduced to further illustrate the effectiveness and feasibility of BLONGO in solving practical engineering
problems.
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Table 1 Benchmark functions

i ZFx ey 7B S S H
F1 Sphere 30/200/500 [ -100,100] 0
F2 Schwefel.2.22 30/200/500 [-10,10] 0
F3 Schwefel. 1.2 30/200/500 [ -100,100] 0
F4 Schwefel.2.21 30/200/500 [ -100,100] 0
Fs Quartic 30/200/500 [ - 1.28.1.28] 0
F6 Rastrigin 30/200/500 [ - 5.12,5.12] 0
F7 Ackley 30/200/500 [ -32,32] 0
F8  Griewank 30/200/500 [ - 600,600] 0
F9 Kowalik’s 4 [-5,5] 0.000 3

F10 Goldstein 2 [-2,2] 3
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Table 2 Comparison of numerical optimization of different improvement strategies

PRER ik ILfE 2 SFHI{E PRI
F1 NGO 1.11E-89 1.01E-85 6.54E-87 2.23E-86
BNGO 7.77E-217 4.82E-208 5.01E-209 0.00E+00
LNGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
ONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BLONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F2 NGO 1.04E-46 3.62E-45 9.96E-46 9.82E-46
BNGO 2.91E-113 6.59E-109 8.91E-110 1.88E-109
LNGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
ONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BLONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F3 NGO 3.99E-29 4.92E-22 5.00E-23 1.30E-22
BNGO 1.47E-150 2.91E-128 1.73E-129 6.56E-129
LNGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
ONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BLONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F4 NGO 1.55E-38 1.84E-36 2.46E-37 3.96E-37
BNGO 3.34E-98 1.68E-91 9.88E-93 3.75E-92
LNGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
ONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BLONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F5 NGO 1.03E-04 1.11E-03 5.66E-04 2.63E-04
BNGO 7.49E-05 6.20E-04 2.93E-04 1.66E-04
LNGO 1.74E-06 8.88E-05 6.34E-05 3.46E-05
ONGO 1.74E-06 2.48E-04 3.17E-05 5.39E-05
BLONGO 1.63E-06 8.23E-05 3.11E-05 2.46E-05
F6 NGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BNGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LNGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
ONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BLONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F1 NGO 4.44E-15 7.99E-15 6.57E-15 1.99E-15
BNGO 4.44E-15 7.99E-15 6.11E-15 1.78E-15
LNGO 8.88E-16 8.88E-16 8.88E-16 1.89E-15
ONGO 8.88E-16 8.88E-16 8.88E-16 0.00E+00
BLONGO 8.88E-16 8.88E-16 8.88E-16 0.00E+00
F8 NGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BNGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LNGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
ONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BLONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F9 NGO 3.07E-04 3.21E-04 3.08E-04 2.88E-06
BNGO 3.07E-04 3.08E-04 3.08E-04 3.04E-08
LNGO 3.07E-04 3.07E-04 3.07E-04 5.06E-10
ONGO 3.07E-04 3.07E-04 3.07E-04 3.26E-10
BLONGO 3.07E-04 3.07E-04 3.07E-04 1.42E-10
F10 NGO 3.00E+00 3.00E+00 3.00E+00 2.17E-15
BNGO 3.00E+00 3.00E+00 3.00E+00 1.88E-15
LNGO 3.00E+00 3.00E+00 3.00E+00 1.45E-15
ONGO 3.00E+00 3.00E+00 3.00E+00 9.28E-16
BLONGO 3.00E+00 3.00E+00 3.00E+00 1.87E-16
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Fig. 1 Average convergence curves of different improvement strategies
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Table 3 Comparison of the solution results of unimodal functions and multimodal functions by various algorithms in different dimensions

30 dim 200 dim 500 dim
X bR 2z FHIE brfE2z A brifE2
F1 SAOALP! 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IWOA [ 6.54E-125 6.80E-125 2.62E-116 1.50E-116 4.85E-113 3.28E-113
CWOA!'3! 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LFATSA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
PWMBOA 5.07E-281 0.00E+00 2.16E-278 0.00E+00 3.74E-272 0.00E+00
BLONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F2 SAOQA[) 2.56E-307 0.00E+00 8.00E-319 0.00E+00 3.90E-314 0.00E+00
IWOA! 4] 2.15E-73 3.64E-73 1.68E-67 1.95E-67 5.32E-66 9.60E-66
CWOAL'S! 4.56E-226 0.00E+00 9.53E-243 0.00E+00 1.24E-230 0.00E+00
LFATSA 6.45E-202 2.88E+00 2.63E-202 0.00E+00 8.94E-202 0.00E+00
PWMBOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BLONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F3 SAOA[") 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IWOA!™ 1.56E-23 1.81E-23 — — — —
CWOA!'! — — — — — —
LFATSA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
PWMBOA 1.96E-279 0.00E+00 2.12E-279 0.00E+00 3.72E-279 0.00E+00
BLONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F4 SAOAL") 3.51E-299 0.00E+00 5.26E-297 0.00E+00 1.27E-312 0.00E+00
IWOA 4] 7.06E-07 2.18E-06 — — — —
CWOAL'3! 3.60E-265 0.00E+00 2.49E-214 0.00E+00 1.90E-219 0.00E+00
LFATSA 0.00E+00 0.00E+00 2.45E-201 0.00E+00 2.67E-203 0.00E+00
PWMBOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BLONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F5 SAQAL! 4.75E-05 4.37E-05 6.11E-05 7.32E-05 7.66E-05 8.17E-05
IWOA! ™ 2.42E-04 4.41E-04 1.44E-03 1.77E-03 2.04E-03 2.47E-03
CWOAL! 3.61e-05 3.73e-05 3.50e-05 3.21e-05 4.12e-05 3.56e-05
LFATSA 4.42E-05 4.48E-05 4.55E-05 7.61E-05 5.38E-05 5.74E-05
PWMBOA 5.20E-05 6.31E-05 5.00E-05 8.54E-05 5.46E-05 8.79E-05
BLONGO 3.11E-05 2.46E-05 3.32E-05 2.66E-05 3.88E-05 3.28E-05
F6 SAOA[") 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IWOA!™ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CWOA!'! 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LFATSA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
PWMBOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BLONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
F1 SAOAL) 8.88E-16 0.00E+00 8.88E-16 0.00E+00 8.88E-16 0.00E+00
IWOA [ 3.02E-15 1.95E-15 8.88E-16 0.00E+00 4.44E-15 0.00E+00
CWOAL'! 8.88E-16 4.01E-31 8.88E-16 4.01E-31 8.88E-16 4.01E-31
LFATSA 1.48E-16 3.37E-16 2.96E-16 4.26E-16 2.96E-16 4.26E-16
PWMBOA 1.48E-16 3.37E-16 2.96E-16 4.26E-16 2.96E-16 4.26E-16
BLONGO 1.48E-16 3.37E-16 2.96E-16 4.26E-16 2.96E-16 4.26E-16
F8 SAQA!! 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
IWOA! ™ 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
CWOAL'! 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
LFATSA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
PWMBOA 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
BLONGO 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
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Table 4 Comparison of solution results of different algorithms for

fixed—dimensional multimodal functions

3.5 Wilcoxon #0418

TEZ R EE SL 55 b AU Lo A 1 45 B0 3R
W P BB e 25 (E T Y FbR o 22, HV R W Be it
% L35k BLONGO (& EPER AT §E1E, 8 1 i —
AHHIE BLONGO YA RPE X HURE BLONGO 5 #R#E
AL 7 & G Ak 5L (NGO) | R BF Bk
(PSO) ™) I8 fff 5 5 (BOA) ™) BNGO \LNGO |
ONGO 7£ p = 0.05 i i Z Pk F #47 Wilcoxon Bk
RS, R T ORUESE I A 21, 4583k M ST B 17
30 WK, e RIEARIREL 500 Yk, FIEFRIAS 30, 3303 2t J3

PR 1353 % SSL(EN T 22 N Lo
L m . TR e 30, 2 p /N 0.05 I ARSI, 20T 2 A% Ho
im SAOAL™ - - . N v b <o N
WOA[] - - ETEGETH S FAFEW B 25 5 | e 2 2 IR, 1AW
CWOA™ - - QAR HHLZ M2 S AR, %5 d NaN FR
LFATSA  3.63E-03  6.73E-03
> I13 “« _ [ AN = | A -
PWMBOA  4.76E-03  4.56E-03 AN, <47 =7 A =7 53R BLONGO 8T
BLONGO — 3.07E-04  1.42E-10 & TR T XS L3R, Wilcoxon Bk FIAS 3045 2R L
; 2 19
HO O . %5, IS HBIRT % S INRRES p HH/INT
CWOA2) - - 0.05, NGEit2= 1 f1 BEF , BLONGO 5%t AL 1Y =
LFATSA  3.65E+00  2.53E-10 . . s
PWMBOA  3.96E+00  6.51E-14 PErFAEIA 22 5%, it — it | BLONGO 85
BLONGO  3.00E+00  1.87E-16 Fa] Sk
5 Wilcoxon #%FNH I 4ER
Table 5 Wilcoxon rank sum test results
5 NGO PSO BOA BNGO LNGO ONGO
i P P P P P P
1 2 3 4 5 6
Fl 1.21E-12 1.21E-12 1.21E-12 1.21E-12 1.21E-12 NaN
F2 1.21E-12 1.21E-12 1.21E-12 1.21E-12 1.21E-12 1.21E-12
F3 1.21E-12 1.21E-12 1.21E-12 1.21E-12 1.21E-12 NaN
F4 1.21E-12 1.21E-12 1.21E-12 1.21E-12 1.21E-12 1.21E-12
F5 1.07E-09 3.02E-11 3.02E-11 1.17E-09 1.39E-06 3.42E-03
F6 NaN 1.21E-12 1.94E-09 NaN NaN NaN
F7 6.25E-10 1.21E-12 1.21E-12 NaN 1.61E-06 1.55E-03
F8 NaN 1.21E-12 1.21E-12 NaN NaN NaN
F10 7.46E-02 2.71E-02 3.58E-01 6.20E-01 8.59E-01 6.05E-01
Fl1 4.49E-03 5.12E-03 1.07E-02 6.62E-03 2.75E-02 5.12E-02
+/=/- 7/2/1 10/0/0 9/0/1 6/3/1 7/2/1 4/4/2
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Table 6 Comparison of optimal solutions for pressure vessel design problem

ik Z £ 23 24 f(2)
SCA 2.560 8 1.989 5 100.039 4 196.066 2 6 304.941 8
ALO 0.817 6 0.404 1 42.361 5 173.403 5 5956.168 5
WOA 0.916 2 0.489 0 47.469 9 119.777 0 6 310.403 4
CDE 0.812°5 0.437 5 42.098 4 176.637 6 6 059.734 0
CPSO 0.812 5 0.437 5 42.091 3 176.746 5 6 061.077 7
NGO 0.778 5 0.390 4 40.328 5 199.879 7 5903.165 0
BLONGO 0.778 2 0.384 7 40.321 4 199.974 9 5 885.390 8
3
(x) =1 XXy <0
g.(x) = - =
71 785x]
2
4x; — x,%, 1
g,(x) = 3 T o 1<
12 566(x,%; —x,) 5 108,
(19)
140.45x,
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Xr X
2 EHBBEMEIE e
Fig. 2 Structure design of pressure vessel X T,
,4—,g w'\_xl,%lg P g4(x>= 15 -1=<0
JE NS A RN :

min f(z) = 0.662 4z z,z, + 1.778z,z; +
3.166 1ziz, + 19.84zz, (16)
Hr 2, 2y 25 Mz, 570K T (T, (R VA LK
NS B, AR
g.(z)==—2z +0.01932, <0

g,(z) ==z, +0.009 54z, < 0

5 A1z (17)
gi(z) == mzz, - T +129 000 < 0

g, (z2) ==z, +240 <0
s.t. 0 < z,,z, = 100; 10 < z,,z, < 200
4.2 RNEEIRTEE
VAL S aan EF SN DRE RIS o 2N At AL 3t
it ai Rt an el 3 R A 3 A R AR
i, il 2RI AR d PR EAR D ISR IE
P, FTRPTERX WAE MSHACE S 4.1 WIREF

— 3 G EE R LR T,
$7 07 S (P B F AL AN T
minf(z):zfzz(Z +2z,) (18)
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0.05<x% <2,025<x,<132<x <15

3 RNEREHMTEE
Fig. 3 Tension and compression spring structure diagram
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Table 7 Comparison of optimal solutions to solve tension and
compression spring design problem

Rk 3 2 z f(2)
SCA 0.054 8 0.276 6 13.4512  0.012 747
ALO 0.050 0 0.317 4 14.0278  0.012 719
WOA 0.064 0 0.730 0 3.087 8 0.015 193
CDE 0.051 6 0.354 7 11.410 8  0.012 670
CPSO 0.051 7 0.357 6 11.2445  0.012 674
NGO 0.053 1 0.391 4 9.51717 0.012 706

BLONGO 0.051 3 0.347 7 11.9817  0.012 643
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