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Novel grey wolf optimization algorithm based on nonlinear convergence factor
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Abstract; The classical grey wolf optimization (GWO) algorithm has a few disadvantages of low solving precision and high
possibility of being trapped in local optimum. This paper proposed a novel grey wolf optimization (NGWO) algorithm for sol-
ving unconstrained optimization problems. The proposed algorithm used opposition-based learning strategy to initiate popula-
tion, which strengthened the diversity of global searching. Inspired by particle swarm optimization (PSO) ,this paper proposed
an improved convergence factor update equation,which was based on that the values of parameter @ are nonlinearly decreased
over the course of iterations. The convergence factor was dynamically adjusted to maintain a better balance between global
search and local search. Mutation operator was given on the current optimal individual of each generation,thus it could effec-
tively jump out of local minima. Experiments are conducted on a set of 10 unconstrained benchmark functions. Based on the

results , the proposed NGWO algorithm shows significantly better performance than the standard GWO algorithm.
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/3 200 000 9.43E +00 3.48E +00 9.09E -05 1.25E -04 1.07E+00 9.92E -01 0 0
fo 200 000 7.29E-14 3.00E -14 3.66E -07 7.57E -08 7.98E-15 2.03E-15 7.99E -15 0
S0 200 000 9.75E -03 8.33E -03 9.02E-09 8.57E -09 4.83E -03 8.63E-03 0 0
#£5 NGWO %5 GABC . CABC OCABC 44 1: 1 45 5 Hr 45

- SRR GABC CABC OCABC NGWO

(FEs) Pl brifEzE FH41E b F4E FrifiEzs -1 fi FrifiEzs
N 150 000 1.92E-22 1.16E -22 5.41E-35 7.02E -35 4.32E -43  8.16E -43 0 0
5 150 000 3.23E-12 9.27E-13 1.43E-18 5.68E -19 1.17E-22  7.13E-23 2.42E-192 0
J1 150 000 7.00E-00 1.01E-00 6.01E-00 8.80E -01 5.67E -01 2.73E -01 3.14E-87 4.34E -87
fs 150 000 1.15E-00 2.81E -00 1.96E -01 1.36E -01 7.89E -01 6.27E -01 2.61E +01 5.19E -01
f6 150 000 0 0 0 0 0 0 4.45E -01 2.55E -01
/e 150 000 8.94E -02 2.42E-02 4.98E -02 1.78E -02 4.39E -03 2.03E -03 9.64E-05 5.64E -05
/3 150 000 1.15E-15 3.22E-15 0 0 0 0 0 0
fo 150 000 2.15E -11 1.06E - 11 3.07E -14 2.88E - 15 5.32E-15 1.82E-15 7.99E -15 0
S0 150 000 2.08E-03 6.54E -03 4.93E-04 2.20E-03 0 0 0 0

#6 NGWO %75 SaDE JADE jDE %4 (1945 1 Ho &5

o 3 o7 R H UK SaDE JADE jDE NGWO

(FEs) -5 {E PR I {E Pt I {E Pz I {E brifEZE
N 150 000 3.28E-20 3.63E-20 2.69E -56 1.41E -55 1.46E -28 1.78E -28 0 0
) 200 000 3.51E-25 2.74E -25 3.18E -25 2.05E -24 9.02E -24 6.01E -24 2.46E -260 0
fs 300 000 2.10E +01  7.80E +00 3.20E-01 1.10E +00 1.30E +01 1.40E +01 2.57E +01 4.78E -01
fs 10 000 5.07E +01 1.34E +01 5.62E +00 1.87E +00 6.13E+02 1.72E +02 1.01E+00 3.88E -01
fq 300 000 4.86E-03 5.21E-04 6.14E -04 2.55E -04 3.35E-03 8.68E - 04 4.43E-05 3.07E -05
/3 100 000 2.43E+00 1.60E +00 1.33E-01 9.74E -02 3.32E-04 6.39E -04 0 0
fo 50 000 3.81E-06 8.26E -07 3.35E-09 2.84E -09 2.37E-04 7.10E -05 7.99E -15 0
fio 50 000 2.52E -09 1.24E -08 1.57E -08 1.09E -07 7.29E - 06 1.05E -05 0 0

3.4 SEXEXERER MBI T

15 GWO Bk  WeBUH 1 o WFE TR PR L i 2 R R
REIFIREIE R AE J)o fhisX(8) T, NGWO S5 ik Fifi kA 1%
PRUREIE AR LA RIEIN T o BRI AR AR RS 22 AE
J1o SR AESN(8) Hp AR R ALk, Al Ky ROCHES R, T
FHAAZ RIS 5N L PR REA — S BRI

AN E X AR LA Rk, Ak, BEHCH AN R Y
B, B0 ky =1k, =2k, =1,k, =3k, =2k, =1k, =2k, =2 F

ky =2k, =3 PEATRUESCIR AR X NCWO FIETERE IR .
RTHN T HAAF AL REC kR, Ak, fEXF NGWO
SR ES R LR, Horh, BORLIASOR U B M B i 45 2R

MR 7 R LEERAS R T A, AR W R K by =2 Rl b, =
LIf, NGWO Bk i) AU RE S . X T R S5 o, Ffo S Ky AN
by TS RO (EI 0 NCWO Sk BB A R A K X
?@éﬁfm Jky =20k, =1 5 ky =2,k =2 i NCWO Bk REIL
SUEN IS AL (E O, ZAL T HAB =21 &, 0 b, (EFTIRFHIE R

#7 NGWO BIEARFIN by A0k, A FUETERE LA

o by =1,k =2 ki =1,k =3 b =2,k =1 Ty =2,k =2 =2,k =3
H THIE bRz T bRz T b2 THfE b2 FHME PRz
fi 3.15E-39 6.32E-39 1.29E-35 2.07E-35 1.16E-47 2.72E-47 4.86E-44 7.80E-44 2.51E-41 2.10E -4l
f»  4.27E-24 2.28E-24 7.44E-22 5.31E-22 3.65E-28 4.16E-28 3.89E-26 2.86E-26 6.07E-25 4.73E-25
fs  7.74E-08 1.66E-07 2.09E-07 5.34E-07 9.98E-12 1.99E-11 6.65E-09 1.86E-08 1.7IE-08 4.39E -08
fi  8.78E-10 9.18E-10 1.085-08 8.73E-09 7.15E-13 7.60E-13 3.27E-11 3.03E-11  1.55E-10 2.87E-10
fs  2.70E+01 8.49E-01  2.70E+01 3.73E-01 2.61E+01 B3.96E-01 2.66E+01 4.01E-01  2.67E+0l 4.90E -0l
fs  1.0AE+00 3.56E-01  1.24E+00 2.73E-01 5.62E-01 2.32E-01 9.50E-01 3.80E-01  7.36E-01 3.34E -0l
fi 1L.1IE-03 4.84E-04 2.17E-03 7.96E-04 1.05E-03 2.21E-04 1.13E-03 8.77E-04 1.42E-03 1.01E -03
fs  3.40E+00 5.03E+00  4.06E+00 5.95E+00 0 0 5.68E-15 1.80E—14  4.96E-01 1.57E+00
fo  3.25E-14 4.2JE-15 4.38E-14 2.50E-14 1.05E-14 2.39E-15 1.69E-14 4.51E-15 2.61E-14 3.53E-15
fio 7.95E-03 1.19E-02 7.53E-03 1.08E-02 0 0 0 0 1.11IE-03 3.52E -03
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