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end while

end
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3.1 INAARERE RN R E

IR B LMWOA B3 094 20, ¥ LMWOA
B 5 R 1 BE 55 35 ( particle swarm  optimization ,
PSO) o , AR AR AL 8 1 (grey wolf optimization algo-
rithm, GWO) "' | DL R fa A 53 ) AT L, I
T 7 AR, 6 > 2 W R 10 A [ E 4 R
B, WSCik[20] S 3t 23 R, HAR R A
FAR R X[ 1, Hod sh g i/ IME £, 0 BRS (A Y
AU . s AT {5 B2 Bk PSO . GWO , WOA HJ %L
ik B FCwk[5] [ 16] H 3 FpAa gk HAH R A9 5256
SR VR ERLRE N =30, e RER R EI N ¢, =
500, %% b=1,a,,=2,a,,=1,a=1, i k% F1
~F11 B d =30, X0 R B bR i B
TP IETT 30 I ave std, UESCEETE Intel
(R) Core(TM) i51035G1,64 {i, CPU. @ 1000 MHz.
1.3 GHz 4G WAFRI WL 24T, #2)7 R MATLAB
7.0 (R2012b) 155 5290,
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PRIEX X[ AR
Sphere: F, (x) = ﬁlx? [-100,100] 0
Schewefel 2.22 ., F, (x) = 21 | %, \+ﬁ1 |, | [-10,10] 0
Schewefel 1.2 Fy(x) = il( il,xj)z [-100,100] 0
S
Schewefel 2.21:F,(x)= max; | ‘xi [,1<i<n} [-100,100] 0
n-1
Rosenbrock : F5(x) = ;[100 (2 =22) 2+ (x,-1) %] [-30,30] 0
Step: Fy(x) = il([xt+0.5])2 [-100,100] 0
Noise: Fy(x)= ilixfwandom[o,l) [-1.28,1.28] 0
Cigar;FS(x):x%+106§,2x? [-100,100] 0
Tablet; Fo(x)=10° x%+§“2xf [-1,1] 0
Pixon&Price;FlO(x)=(xl—l)2+i2i (Zx%—xi,I)Z [-10,10] 0
Elliptic;F“(x)=iz(loﬁ)“’”/("’” -l [-100,100] 0
Sum squares; F,(x) = i‘,zlxlz [-10,10] 0
Zakharov: F,3(x)= i‘,}x%+(i]0.5ixi)2+(i‘,10.5ixi)4 [-5.,10] 0
Schcwcfcl2.26;F14(x):i§]—xisin( /T 1) [ -500,500] -418.9829n
Rastrigin: F5(x) = _i[xf—lOcos(Z'n’xi)+10] [-5.12,5.12] 0
Ackley: Fig(x)=-20exp(-0.2 /%ile )—exp(%ilcos(val) ) +20+e [-32,32] 0
. N T S
Grlewank;F17(x)—4000i§1xi ilz_llms(ﬁ )+1 [ -600,600 ] 0
n-1
Penalized 1:F ¢(x)= %{ 10sin( 7y, )+§,l(yi—l )2x[ 1+10sin*( 7y, ) J+(y,-1)2} +
$ 0, 10,100 ,4) Ly, =145
u(x;,10,100,4) ,y, =1+
&l y 4 [-50,50] 0
k(x;—a)™ x;>a
u(x;,a,k,m)=<0 —a<x;<a
k(-x;—a)™ x;<-a
Penalized 2: F y(x)=0.1{ sin2(377x] )+i‘, (xi—l)zx[ 1+sin2(377x1-+1 )] +(xn—l)2><[ 1+Sin2(27Tx" )]+
. = [-50,50] 0
‘ZIu(xi,5,100,4)
n knlax klnu\
Weierstrass”’ s: Fyp(x) = ZI [ kzoakcus(Z'rrb"x(xﬁO. 5))] —nkzoakcos('irbk) ko =10,a=0.5,b=3 [-50,50] 0
Alpine: Fy, (x) = 2] | xsin(x,) +0. lx, | [-10,10] 0
Generalizedschaff: F, (x) = 0. 5+( (sin( _i]xf) )2-0.5) x(1+0. 001 ( _i]x%) )2 [-100,100] 0
Himmelblau ; F,y (%) = %21 (x}-1627 +5x,) [-5,5] -78.33236
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3.2.1 4FRBAXFEL30 LHOMAERELR
oM
ISR BER (£ 3) T DUE H LMWOA 2 E7r 4

ML TR SCR et EDNAHY 21 e b A 15 A4

UL A SRR TP AR B R A R ZE R, HAT 11 D24k R
¥erh F1,F2,F3,F4,F8,F9,F10,F11 % 8 R
PSRN 0, )5 10 /N[ 2 4500 s 50t
WAk Bz B (E, 2, F15, F16, F17, F19, F20,
F22 5 6 P RREM A R T A AL h R L, R 3
TIKELES 43 2 B 1) 25

K34 R TSR

o~ WOA PSO GWO LMWOA

ave std ave ave std ave std
F1 1.41E-30 4.91E-30 0.000136 0.000202 6.59E- 28 6.34E-05 0 0
2 1.06E- 21 2.39E- 21 0.042144 0.045421 7.18E-17 0.029014 0 0
F3 5.39E-07 2.93E- 06 70. 12562 22.11924 3.29E-06 79. 14958 0 0
F4 0.072581 0.39747 1.086481 0.317039 5.61E-07 1.315088 0 0
F5 27.86558 0.763626 96.71832 60. 11559 26. 81258 69.90499 27.2954078 1.0788964
F6 3.116266 0.532429 0.000102 8.2E-05 0.816579 0.000126 2.41189580 0.5926265
F7 0.001425 0.001149 0.122854 0.044957 0.002213 0.100286 0.00388206 0.0036489
F8 -5080. 76 695.7968 -4841.29 1152.814 -6123.1 -4087. 44 -1.426E176 0.4285585
F9 0 0 46.70423 11.62938 0.310521 47.35612 0 0
F10 7.4043 9.897572 0.276015 0.50901 1.06E-13 0.077835 1.0066E-15  6.486E-16
F11 0.000289 0.001586 0.009215 0.007724 0.004485 0. 006659 0 0
F12 0.339676 0.214864 0.006917 0.026301 0.053438 0.020734 0.17694764 0.1099397
F13 1.889015 0.266088 0.006675 0.008907 0. 654464 0.004474 2.86492780 0.3637304
F14 2.111973 2.498594 3.627 168 2.560828 4.042493 4.252799 7.21113421 4.9742074
F15 0.000572 0.000324 0.000577 0.000222 0.000337 0. 000625 9.54177E-4 0.0014979
F16 - 1.03163 4.2E-07 - 1.03163 6.25E-16 -1.03163 -1.03163 -1.03162845  2.394E-11
F17 0.397914 2.7E-05 0.397887 0.397887 0.397887 0.39787735 7.003E-12
F18 3 4.22E-15 3 1.33E-15 3.000028 3 9.30036002 11. 614741
F19 - 3.85616 0.002706 - 3.86278 2.58E-15 —-3.86278 -3.86278 -3.8627817 2.3821E-6
F20 -2.98105 0.376653 -3.26634 0.060516 - 3.27654 - 3.25056 -3.2783954 0.0582807
21 -7.04918 3.629551 -6.8651 3.019644 -10.1514 - 9.14015 -9.33310646 2.3024488
F22 - 8.18178 3.829202 —-8.45653 3.087094 - 10.4015 - 8 .58441 -10. 4485870 1.3485262
F23 -9.34238 2.414737 -9.95291 1.782786 - 10.5343 - 8.55899 -9.21926306 3.0098029
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Y 22 A RIS 26 A AL MG (UL 3) T LU
‘o, F1,F2,F3,F4,F8,F9,F10, F11, F15, Fl16, F17,
F19,F20,F22 S5 s BUA L T LMWOA B3k B B i
PR B4 B S5 e BIORS T2, F6, F12, F13 3% 3 ek 80T
SRS B oAt 3 R A 3L | (HAE 5 10198 T
B3 RO (AR, TR 2 IR 3, W] LUE Bk
P LMWOA Sk BAT BT ) 4 R R R R4 & e
F1 BRI SR T
3.2.2 3 FPpatér AL FE A 30 F MK LR
5 &R 5

4 SRR TG IMWOA 8k 5 HAh 3 ket 55
EROEE IR LR, R 3 RS T, 3 AR A 30 4
I rp | ZEARZE R AR F1 ~ F13 (09 eRB0MR b

F5 F6 41, LMWOA #3355 WOAWC 53k 30 vkl 5
NSRRI HE IWOA BL TG, 3] WOAWC 5
LMWOA AHXT T WOA FETEAR4E R E0T  RETE U S
A4 R 5 R R e T, I HAERIUE R 0 f
PR IWOA BEANAE F9 XA R £ I S 3 FE S fe
DAl 0, LMWOA B 78 F1,F2,F3,FA,F9,F11 % 6
AR BRI BRI S Fe A 0.

T LMWOA . WOAWC 3% 1% b ok 9 480 925 1M 5,
LMWOA A 45 B4 By Y S5 B2, D3R v i B8 vl LA A%
FI{E F2, FA, F5, F8, F15, F16, F17, F19, F20, F21,
F22,F23 W BEA B R R, R Y] LMWOA 5
BAE = A R B SIOR AR B L T WOAWC X FPAA

ZE LRT IR, 78 30 4 i Ik, LMWOA Hik 5
IWOA, WOAWC, Wi F 55 ik iF 47 XF He, B0 A ok il
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WOAWC . LMWOA 585 76 I 2k pR 25 0% I 3 2 A0 T
IWOA X R B0, WOAWC 5 LMWOA #H [ 4%

F15,F16,F17,F19,F20,F21,F22 , F23 X460
AT WOAWC B, HEXTF F5,F6,F9,F11,

fei 2 JEE PR

M5 E F2, F4,F5, F8 iX 4 MIRHEE 0 s B0 Fr F13,F14, F18 3X 28 pR A IS AT B4 157
LMWOA 2T WOAWC pRELIFAE F2,F4, F5,F8,
o Fl:Sphere i F2:Schewefel 2,22 - 3:Schewefel 1.2 . F4:Schewefel 2.21 i I'5:Rosenbrock
W R———— W fo———— e W ———————————— 10 ——e— i
107 Tl g e T 10" 2 10
Em" E E 107 E 107 E 10 E why
10 ;E 10 o 10" ;E 10 m 1‘]‘ l\
45 10 h — \\'(TAV ;E 10 B — WUH\v 1m 10 j([:,]{’[j(‘)” ; 10 ) WOA im ig 1&\
107 j{[%%%(] 107 107 RO 1072 j{]_\:]\‘fl\}\‘v)ﬂ . ]\
107 . 107 0 10 10 - 1
0 100 200 300 400 500 00 200 300 100 500 o 10 200 300 00 so0 Yo 100 200 B00 00 500
10 F7:Noise i F9:Tablel 10 F10:Pixon & Price
10 o
£ 7 1 # B N yoa
o 1 TS Se— | m m m \\\\
E o = = £ \\‘\_,,,
3
10+
W e w0 s aw o Yo w0 zo s a0 s 00 10 Zeo sm de0 soo 00 w0z soe 40 s0 0 o0 zo o m0 400 B
< F11:Elliptic " F12:Sum squares o F13:Zakharoy ; Fl4:8chewelel 2.26 F15:Rastrigin
10 — R 10 ; 10 10 e
,‘ = "\ ' =
& 10 ¥\\ PSO & 0 J = '} % | P8O
= A o | = -0
2w iy [ . i it )
m L m 10 e e == WL m
10" A = R S )
a1 \\ Moo am 100
0" W
107 o oo S @0 seo 0 mo o seo w0 w0 Y0 w0 mu Bo0 460w 10 00 200 300 400 &
10 F17:Griewank 10 F18:Penalized 1 [19:Penalized 2 F20: Weierstrass’s 4 F21:Alpine
-10 —
w -10" | R
o = W ity e = 0
ﬁ ﬁ 5‘,5 ~107 ‘ﬁ ~10/] ﬁ -10"
= I\ =10 B = =
g 10 L %ﬂTm' ‘ -0 5 | T
ol ~10]
Wo o0 2o 0 40 00 U0 100 200 500 400 500 ST W T T0 30 dw dn s Wm0 0 S0 @0 500
ot F22iGeneralized schatfer i ¥23:Himmelblau
B IS o ]
10 i T =
E e E
My S A
o0 s0 s a0 oo N0 mo oo 00 400 500
B3 5 IMWOA 5 WOA PSO .GWO (1 F-HEakftHi £k
F4  LMWOA Fiik 5 HAh ST 0 iy 45 R He g
o IWOA WOAWC LMWOA
XA brifE 2 SRR ARAE PRt SRR AR bR 2
F1 6.54E-125 6.80E- 12 0 0 0 0
2 2. 15E-073 3.64E-73 3.32E-178 0 0 0
F3 1.56E-023 1.81E-23 0 0 0 0
F4 7.06E-07 2. 18E-06 1. 19E-180 0 0 0
F5 27.27950 0.215438 28.5858 0.11 27.2954078 1.0788964
F6 0 0 0.1135 0.038 2.41189580 0.5926265
F7 2.42E-04 4.41E-04 0.00013 0.0001 0.00388206 0.0036489
F8 —-11423.3746 112.6361 -10557.39 2247.94 -1.426E176 0. 4285585
F9 0 0 0 0 0 0
F10 3.02E-015 1.95E-15 8.88E-16 0 1.0066E-15 6.486E-16
F11 0 0 0 0 0 0
F12 0. 4087646 0.011997 0.0062 0.0024 0. 17694764 0.1099397
F13 0. 466442 0.248928 0.1386 0. 0647 2.86492780 0.3637304
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L4
- IWOA WOAWC
R RRiCdR(c] FRifi 2z SR PRifi 2z RRiCdR(cE bRl
F14 — — 1.6897 1.5213 7.21113421 4.9742074
F15 — — 0. 0005 0.00017 9.54177E-4 0.0014979
F16 — — -1.0316 3.26E-8 -1. 03162845 2.394E-11
F17 — — N/A N/A 0.39787735 7.003E-12
F18 — — 3.0000002 6.04E-06 9.30036002 11.614741
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An Improved Whale Algorithm based on Lévy Flight

HUANG Yan, WU Zezhong
(College of Applied Mathematics ,Chengdu University of Information Technology ,Chengdu 610225, China)

Abstract; In order to improve the convergence speed and convergence accuracy of whale optimization algorithm , the nor-
mal variation scheme is used to solve the following problems: the initial position of whale population is not uniform, it is
easy to fall into local search later ,and the convergence accuracy is slow. The sinusoidal updating strategy and the non-
linear improving strategy are used to improve the global searching capability. Finally,Lévy navigation strategy is used to
enhance the global search ability in the late iteration to make the algorithm converge to the optimal solution. In addition,
23 test functions are selected to study the convergence speed and accuracy of the algorithm. Experimental results show
that LMWOA algorithm is superior to the original algorithm and the comparison algorithm selected in this paper in con-
vergence accuracy,and LMWOA algorithm has significant improvement results.

Keywords : applied mathematics ; optimization algorithm ; whale optimization algorithm ; normal mutation operator; lévy

flight



