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Hybrid genetic grey wolf algorithm for high dimensional complex function
optimization

GU Qing-hmﬁ, LI Xue-xian, LU Cai-wu, RUAN Shun-ling

(School of Management, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: High-dimensional function optimization usually refers to the function optimization problem with dimension
over 100, which is difficult to be solved for the existence of “dimension disaster” . In this paper, three genetic operators
are embedded into the basic grey wolf algorithm, and a hybrid genetic-grey wolf algorithm (HGGWA) is proposed. The
global convergence of the HGGWA is greatly improved by combining the advantages of the GWO and GA. The current
three optimal individuals are disturbed by the diversity mutation operator in the process of the search so as to avoid the
possibility of falling into local optimum. The performance of the algorithm is verified using 13 standard benchmark
functions and 10 high dimensional functions, and the optimization results are compared with the PSO. GSA. GWO and
9 improved algorithms. Simulation results show that the HGGWA is greatly improved in convergence accuracy, which
verify the effectiveness of the HGGWA in solving high-dimensional functions.

Keywords: high dimensional function optimization algorithm; grey wolf optimizer; genetic operator; opposition-based

learning; population partition
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- fo 1.19e+02  4.13e+01  0.00e+00  0.00e+00
J#4E Matlab 2017b LS. f1o 3.85¢+00  8.79¢+00  7.99e-15 2.33e-15
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100 246e-01 237e-01 0  3.69e+02 2.16e+02 0  7.00e+00 6.64e-01 0  3.45e-05 2.77e-05 100
fs 500 3.47¢+03 4.96e+02 0 2.77e+04 3.68¢+03 0  8.83e+01 3.54e+00 0  2.67e-02 4.38e-03 40
1000 52le+04 851e+02 0  6.43e+04 577e+03 0 2.02e+02 9.14e+00 0  8.33¢+00 5.12e+00 0
100 6.02e+03 5.34e+02 0 534e-01 244e-01 0  140e-03 233e-03 40  2.34e-09 3.17e-10 100
fo 500 243¢+04 322e+03 0 124e+02 534e+01 0 6.49e-03 3.64e-03 30  573e-05 4.33e-06 100
1000 5.04e+05 491e+04 0  539e+03 6.22e+02 0  1.44e-02 523e-03 0  1.08e-03 1.62e-03 40
100 3.63¢+02 6.38e+01 0 2.74e+01 4.93¢+01 0  3.27e-13 18le-13 100  0.00e+00 0.00e+00 100
fr 500 439e+03 324e+02 0 3.93e+03 8.13¢+02 0  2.62e-07 1.66e-07 0  0.00e+00 0.00e+00 100
1000 2.77e+04 4.08¢+02 0  233e+03 7.24e+02 0  7.89e+01 1.64e+01 0  5.57e-11 3.15e-12 100
100 236e+00 4.08¢-01 0  1.64e-01 20301 0  167e-06 4.82-07 100 2.15e-15 3.48e-15 100
fo 500 7.34e+00 3.71e-01 0  536e+00 4.71e-01 0  3.80e-04 283e-05 30  8.74e-12 53912 100
1000 247e+01 423¢-01 0  237e+00 153e+00 0  7.79e-02 2.03e-02 0  1.59%-07 1.63e-07 100
100 244e+02 9.57e+02 0 3.12e-01 433¢+00 0  241e-09 3.68c-09 100  0.00e+00 0.00e+00 100
fo 500 1.37e+02 2.04e+02 0  2.82e+03 8.13¢+01 0  1.65e-05 2.13e-06 80  1.84e-16 8.44e-17 100
1000 2.84e+03 1.93¢+02 0  124e+04 4.61e+02 0  2.17e-02 2.09e-03 0  23le-13 3.29e-14 100
100 843e-01 7.93e+00 0  534e+00 521e-01 0 17801 263e-02 10  2.73e-07 3.11e-07 100
fio 500  622e+03 577e+03 0 2.49e+01 342e+00 0  7.25e-01 5.18e-02 10  8.12e-05 4.98e-06 100
1000 257e+06 6.34e+05 0  3.46e+01 2.18¢+00 0  843e-01 6.14e-02 0  6.33e-04 3.77¢-03 100
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F 345 T PSO. GSA. GWO LL 2 HGGWA U Fih
SRR 1A 104 4R eR 2, 43 AUTE 1004 500
Y. 10004 FINEHL T, 30 WIS AT 45 BT A AriE
ZERI G IN R SR [T LA T

T 43 T 3R 3 0] LAAS i, X K o DR B
HGGWA 535 1 Wit SIORS FE A1 A Bl Dy 26 B 6 vy T
oA 3B L. HR7E 100 4E (A5 BL T, BR T R K £,
HGGWA 535 5% T oAt 9 AN 3k e £ 1) 340 i 2 2%
BIIEE] T 100 %o. 45 ) b, X T 2R EL f7 A fo B FA0 45
REF) T HEIS RAEO. 75500 48 FI1E 5L T, HGGWA
FEXT T REL f1s fas fo ~ fro BT LT R IEF
1100 %o, %F T B HL f7 25 Rk 2 T B i R
0. 7£ 1000 4E {1 75 5 N, HGGWA 535 BB f1+ fas

fr ~ fio ISR BT Z3% 2] 100%. Bl bR HA4EFE 1)
$E T, JURR S92 ML SIORS B2 251 P N B, {(E HGGWA
B AR A R B T PSO. GSA. GWO =Fh 5L
%, HAE AR E 22 U7 i R AT R3S B AR T 5, £ 100 4k
500 41 1000 2 (I 6 251, HGGWA FIAR L
FLPSO. GSA. GWO = F S35 S 4 1) T LR, ik
T HGGWA BLIE Kk e 4 52 27% bR B A 251

O T SEE M b BB 4 B B A U ST BEL
Sphere. Schwefel’s 2.22. Rastrigin. Rosenbrock.
Ackley. Griewank 7~ ' R 25 1) 3 N7 52 2 A i 2k 1] i3t
ATREEE. B T RT DLAR B SR Y, AN S SRR B 0 Ry
Hd 2 2 6 R 4, HGGWA S8 B A B8 PR I i s
JEE TN B s R WAL SR

1050 1050 1010
i im Fou 0
l;é H‘;? 15)5 10 0L
junns
— HGGWA
100 L 1 1 1 -20 1 1 1 1
10 0 2 4 6 8 10 10 0 2 4 6 8 10
AR HL/ 10° AR K HL/ 10° AR HL/ 10°
(a) Sphere pF #1 (b) Schwefel B % (c) Rastrigin Bf %
lOm 101\) 10\0
------- PSO
----- GSA
g —=GWO )
= N — HGGWA =
"10' | Nl 5
e | a i
junny \ o
100 10 Y HGGWA
0 2 4 6 8 10 0 2 4 6 8 10
AR HL 10° R E/10° ERKE/10°

(d) Rosenbrock pF %

(e) Ackley R %

(f) Griewank B %\

1 PSO.GSA.GWO.HGGWA Fh&E 8 S iphzkxftt

3.3 3HhBUHRERRI BRI S T

N T HE— 2 I8 IE HGGWA B3 v 3 b it 55 g
(AT 380, AR /N1 0 3 BN 6 — o 5 s 11 gk
%5 GWO FIHGGWA 51k 347 F It s 35 b

Br. Hodr, 2 5 RN 28 XL AR S AR R SR
Hic/E HGGWA-1.HGGWA-2. HGGWA-3. 10/l
BRE DL R EERI S HOR B S SO ], B R R T
30 K. BB SE R W2 4.

[

BA7

F4 GWO S5 4FBuHE AR 104NN & B (1004E) BY SR EL I

GWO #i& HGGWA-1 5.4 HGGWA-2 574 HGGWA-3 574 HGGWA 5%
“EHME PR FHE FrifE 2z TIME FrifE 2z EHME FRiEZE FHME FRiEZE
fi 467e-12  8.09-12  4.34e-41  3.16e-41  23le-51  2.46e-50  3.05e-41  3.16e-41  4.85e-53  2.41e-52
fa 246e-07  6.52e-07  8.13e21  5.73e-20  2.24e-31  43le-31  297e-23  3.48e-23  4.01e-33  4.34e-33
f3 1.28¢+00  2.37e-01  2.02e-06  1.78¢-06  9.05e-10  5.73¢-10  1.67e+01  2.37e+01  4.55¢+01  3.69e+01
fa 9.72¢+01  8.99e+00  9.83¢+01  5.14e+00  9.82e+01  6.34e+01  9.73e+01  8.14e+01  6.82e+01  1.25¢-01
fs 7.00e+00  6.64e-01  5.28e-01  4.43e-01  5.53e-01  3.19e-01  2.42e+01  1.62e-00  3.45e-05  2.77e-05
fo 1.40e-03  233e-03  4.99-05 32805  80le-05  7.56e-06  5.59¢-03  3.17e-03  2.34e-09  3.17e-10
fr 3.27e-13 1.81e-13  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00
fs 1.67¢-06  4.82e-07  2.93e-14  135e-14  7.99-15 1.28¢-14  293e-14  3.74e-14  2.15e-15  3.48e-15
fo 241e-09  3.68¢-09  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00  0.00e+00
f1o 1.78e-01  2.63e-02  4.79e-02  2.34e-02  1.45e-02  3.27e-02  3.82e-02  5.63e-02  2.73e-07  3.11e-07
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HH 2 4 7] DAAS 50, B 1 2R3 f3, HGGWA 5% T
HGGWA-1. HGGWA-2. HGGWA-3 = fl 5 i 3k 15
TG ) A S SR A A R R A 22 R D b, T R B
Fo~ fon 3 AU SR WS oF B0 B 1) o FH 0 B
. BARTE, ARG 1 AIREE 2060 T BR K f1 fan fan fro
T~ fo FRITSCEE S5 R 225, KR BE$ 1 R0V L SIOk
FE S 3T T BREL f1v fon frn fon fo BISSOHRUR B
FABRXS TR f5 M fs SIS S R AR 72, X ik
BFRE 2R 1R 78 S48 A 0 T SRAR BRI £ A f5 7S T AH

SR
34 SHMGBUHEZEMNLERS

N T — 5 I HGGWA 5032 (14 %50k, 4 2L
55 5CHR [23] 7 89 9 Bh et SRE AT SO0 45 BT E g
Hr. 31X 9 Fl 53k S VLK I N CLPSO. OLPSO. HPSO.
SaDE. JADE. jDE.GABC.CABC.OCABC. f£% 1
BRI R L f1+ fon fo FNZUERREL £\ fon fo.7E30
YL 0T W B R 1 R, O Fh e BRI SR 4
REHCRIET TR 23] BRI H R A R S.

=5 HGOWAEB RS oOMHE LRI MERILE

PR HPSO CLPSO OLPSO GABC CABC OCABC SaDE JADE jDE HGGWA
fi 2.83e-33  1.58e-12  4.12e-54  1.92e-22  5.4le-35 4.32e-43 3.28e-20  2.69e-56  1.46e-28  9.56e-118
fo 9.03e-20  2.51e-08  3.51e-25  3.23e-12  1.43e-18 1.17e-22 3.51e-25  3.18e-25 9.02e-24  2.07e-64
fe 9.82e-02  5.85e-03  1.16e-02  8.94e-02  4.98e-02  4.39e-03  4.86e-03  6.14e-04  3.35¢-03  7.86e-05
fz 9.43e+00  9.09e-05  1.07e+00 1.15e-15  0.00e+00  0.00e+00 2.43e+00 1.33e-01  3.32¢-04  0.00e+00
fs 7.29e-14  3.66e-07  7.98e-15  2.15e-11  3.07e-14  5.32¢-15  3.81e-06  3.35e-09 2.37e-04  7.99e-15
fo 9.75e-03  9.02e-09  4.83e-03  2.08¢-03  4.93e-04  0.00e+00  2.52e-09  1.57e-08  7.29¢-06  0.00e+00

M5 FTLLE H, B 1 BR L fs, HGGWA B35 H
b 5 NI R S AT T B i B SRS R R R
BRAL fr fo, HGGWA BTV 4 Ry Ui s 4 SRk 3] 1 3
WHRALAE 0, IX AT T HGGWA 58 K )4 R 1% & B
B0 UFE T HGGWA B2 3K fiff ey 4 52 A ek B AL 34
4 4 »

BEXT IRARARAL BV SR R m e A R B 5 A N SR
0 g A 1 R pi, AR SO HE AR AROR AR SR AT T 2
b8 3 AL B RN BN A R T — R A%
TRIRIE A B3 (HGGWA). B3k 89358 F B 1) 2 2] 5%
W T U AL b B, o v B I 4 R R e T AR A,
T R R 2 1 7 SRR T ] AP R, ) A B
AR 128 S B VR A RO B L T SR BN R A A
B T8I0 10 A v 4E I R 250 17 L AB AL, 5 PSO.
GSA FIGWO = FlEEA S 1L 1) 45 AH Lb A, nT LB H
HGGWA FVEAE WSO BET7 145 21 1 #OK Bk, 301k
T HGGWA B3 3K fif v 4 R H A 20k, ), il i
55 9P et B 0 T 4 SR A LA, 3R T HGGWA
SN FE R AR 2006 R BUE 2 20 W BRI #P R I L
LAt O A B9 B A 1) 4 JRy WAL SO
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