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Abstract  Grey wolf optimizer (GWO) is a novel intelligent optimization algorithm which has proposed resently and it
has such merits as fast convergence speed, high optimization precision, but easily entraps in local optima. The differential
evolution (DE) algorithm has strong global search ability, but its local search ability is poor and its performance is sen-
sitive to the parameters. To take advantage of the merits of GWO and DE and overcome their defects in dealing with
function optimization problems,a hybrid optimization algorithm based on grey wolf optimization and differential evolu-
tion (GWODE) was proposed. First, the optima-inclinded operator embedded GWQO is utilized which is benefit to impro-
ving the optimization precision and convergence rate of the algorithm in a shorter search process. Then,an adaptive dif-
ferential strategy, which can automatically adjust the value of the parameters,is employed to further improve the optimi-
zation performance of the algorithm for complex optimization functions, Thus,a hybrid algorithm with high performance
is obtained and it’ s more efficient to solve various function optimization problems, The optimization results on 12 bench-
mark functions show that the new hybrid optimization algorithm has higher search precision, better optimal performance
and stronger applicability,and it’ s more suitable for solving a variety of optimization problems, compared with the
standard GWQO, ACS, DMPSO and SinDE.,
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if £(Ui ()X () then
X (t++ 1) =Ui(D
else
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end if
end for
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. I [—1.28,
Quadric f3<.z->=lgll‘l-,.‘ +rand(0,1) 50 © 28] 0
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100¢r; +)?)
f5(e) =20+ ¢ — 20exp[ — %
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Q2rr;)]
n
3= (22— s s —5
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e
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S Mr B 5 MAFE, 5351% Mr=0. 5,Mr=0. 6,
Mr=0.7,Mr=0.8 Ml Mr=0. 9, E M S B A EHIHFL T,
IR PRI f1 B VERREL f5 TR RE fro FE 0 W R
#5354 GWODE B3k 30 IR1B 3] 3 N RE AR P H1E
Mean #1757 % Std(W.5% 2), IR ZE ESH Mr W HEER A
HERERIRE W .

BFR 2 AT, %o T B R A, R TR A BN R R FR S AR
BARBRGK, Bk IR RS Mr 09388 K R i %
1, 2 Mr=0. 5 i B 518 8 eR SO E RO 22 29 R B F i, 1
BRI TR GWO BRI A SRS FfE RS E %
BABRBB RN, X T 20 ROV R 8, k7
Mr=0.7 BB RALH RECIEMY T 2. LaH B HA
R E N PR R 0. T MR EE, BT
¥ Mr BUR 0.7,

#2 28 M BAR{EN GWODE Hikfit B R

fun Mr=0.5 Mr=0. 6 Mr=0.7 Mr=0.8 Mr=0.9
Mean Std Mean Sid Mean Std Mean Std Mean Std
fi 4.4076e—25 2.4133e—24 6.1889¢—24 3,3889e—23 9.5399¢—23 4.6045¢—22 1.010le—19 4.9508¢—19 4.264e—16 9, 0485¢—16
fs 23.4726 61. 0079 32.379 74, 46 0 0 0 0 0 0
Sl —441.5153 5.27 —441, 1632 4.919 —444, 0763 0. 5373 —442, 5071 4, 7608 —441. 3131 4, 8069

5.2.2 btk
N TET HE B 5 MERER ERKERRET X
12 A4 R B L 24T 30 IRFUH BB ILE (Best) B
{H (Worst) . ¥ #{ (Mean) . ¥ 75 2 (Std) }& 3435 47 Bt [a]
(Time/s)fE A& H 1 FIAEBERIFMIEIT .
RIKAINNBABEMMRE LR E. REE.
PIE R T LR RTRIVERREER.

#3 5 FMEBTE 4 SRR R SE R A R L

Fun Algorithm Best Worst Mean Std
DMPSO 3. 5894 35.0254 16. 4167 6.7334
SinDE 4. 6238 22, 3249 9, 7500 3. 6911
N ACS 3, 9817 10. 1489 6. 3133 1. 7465
GWO  2.9397e—17 2.9321le—15 4.3869e—16 6. 2488e—16
GWODE 2.3573e—34 2.627%—18 9.5399¢—23 4,6045¢—22
DMPSO  1.1796e—38 1,4959e—36 3. 8454e—37 6. 3431e—37
SinDE ~ 7.0641e—10 3.8208¢—08 1,1252¢—08 1.5827¢—08
f2 ACS 2.2214 1. 0000e+10 6. 0000e+09 5, 4772e-+09
GWO  1.7252¢—44 1,4357e—43 8.2746e—44 5. 4408e—44
GWODE  8.3000e—57 5.8494e—56 3.4598e—56 2.0408e—56
DMPSO 0.0015 0.0532 0.0139 0.0118
SinDE 0. 0092 0.0319 0.0212 0. 0060
fs ACS 0. 0683 0.1946 0. 1125 0. 0336
GWO  2.3941e—04 0.0016 6.2352e—04 3.1583e—04
GWODE  4.2701e—05 0.0014 4,9263e—04 3.3974e~05
DMPSO 43,9526 313.1685 55. 5819 87.4313
SinDE 46, 5424 105. 3206 48. 5231 10. 7372
fa ACS 44, 7071 105. 9939 49. 3372 10. 7848
GWO 44, 0887 48. 6067 47.0051 0. 7621
GWODE 43,6988 46. 2069 45,7717 0.3412

FIFIMT 5 MBI ¢ M RESRAREN FHE
Fo BFR3THL TR 4 MULRETNE , GWODE &£ &
B BEE. FHENYF L EHEBT RSB, RY
GWODE xt i it R BH B E SR, FafHE 3
EATLIE Y, B—i GWO XS fi— fi ISR BMT
—H SinDE, A BT GWO 7£ [ %F 550 4 14 o 5 i By B 4 B9
PRARNE B B B9 A 0 GWODE XX 4 A~ Sig ik i 3
RER I BT 2 —1 GWO, X IER B THME T HI5]
AR THREAFELXT 3 MR BIE BT 2R A
R R N AROR R T B a s S CE R ,
PRANT 2L R AR R BRI 2R R, 0% DE 24
THEEHTERFRMHRE LM,

#4 S MEKTE 8 M E MRS KRR L

Fun Algorithm Best Worst Mean Std
DMPSO  8.8818e—15 4.8850e—14 1.4270e—14 1, 3486e—14
SinDE 1. 8683e—08 6. 3784e—06 4, 4386e—07 1. 3000e—06

S5 ACS 0. 0194 2.1473 1. 1816 0. 6405
GWO  1.3323e—14 2.0428e—14 1.6165e—14 3.4153e—15
GWODE 2,6645e—15 6.2172e—15 5.9804e—15 9, 0135¢—16
DMPSO 0 49. 7480 1. 6583 9. 0827
SinDE 37.2530 82, 5053 59. 2999 10. 4207

fe ACS 333, 8798 571.5183 466, 9238 63. 2617
GWO 0 6.1819 0. 2061 1. 1287
GWODE 0 0 0 0
DMPSO 0 2.1832e—09 7.2775¢—11 3.9860e—10
SinDE ~ 3.4528e—14 5.3752e—10 3.6271e—11 1.2258e—10

/7 ACS  8.6113e—04 0. 0705 0.0118 0.0130
GWO 0 0. 0159 5. 2938e—04 0. 0029
GWODE 0 0 0 0
DMPSO  1.4998e—~12 6. 0203 1. 7155 2. 4830
SinDE ~ 6.0373e—14 1.1005¢—09 6. 1080e—11 2.1224e—10

fs ACS  4.5934e—04 6. 9891 0. 8026 1.5783
GWO 2. 7283 8. 0858 5, 1607 1. 5356
GWODE 8.2709¢—16 6.6441e—15 2.297te—15 1.2524e—15
DMPSO  1.3109e+04 2, 7166e+04 2.0123e-+04 3. 1056e+03
SinDE —450 —450 -~ 450 4. 6507e—10

fo ACS —449.9995 —449,9971  —449,9988 5. 7990e—04
GWO  1.0750e+3 1.7425¢+04 5.1622e+03 3.3761let+03
GWODE —450 450 —450 3.1518e—11
DMPSO —415.6828 —407.8902 —412.6898.  2.1598
SinDE ~ ~—442.8037 —408.4436 —433. 6905 6. 5830

fio ACS —439.2979  —413.0132  —423, 4827 6. 4619
GWO  —432.3399  —402.9861  —420. 4177 4. 9065
GWODE —445.0394 —441,3629 —444,0763 0.5373
DMPSO  —62. 7543 —0. 5956 —29, 7880 16. 7131
SinDE ~180 —179.9926 —179.9998 0. 0013503

f ACS —179.9908 —179.8821 —179.9551 0.0316
GWO  —174.4657 3, 0343 —118.5781 40. 7408
GWODE —180 -180 —~180 2.4862e—10
DMPSO —126.3366  —124.507  —125.3027 0. 4166
SinDE —140 —140 —140 1. 4798e—06

fiz ACS —136.9241 —119.6098 —120.9831 3.9642
GWO  —132.3540 —124,2466 —128, 5874 1.7735
GWODE —140 - 140 - 140 3.2749%e—11

EB% 4 Ffuf‘tﬂ ’75: fs _‘flzii 8 ¢’E%¥ﬁn¢t%ﬁ¢,*ﬁ
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