0 'H‘ :ﬁ‘ *’h ﬁ‘*‘ ‘% http: /www. jsjkx. com

COMPUTER SCIENCE DOI. 10. 11896/jsjkx. 181102165

KFERBRUBDBEHNRHABEERRE R

F B HEBE NEFKF

I MEAFHFREERFEITRAR ME I H 475004
2 M EAFWFR W JFH 475004

ST MAFERBHMNEZRAHER T 4 475004

W OE OEIBRKAPT.KREZPAAEESKAEA, B RHAAAF ., A3 H S kKSR E M A eI iR B
T8 R AEAR R & Fe G TN By BRI AR S AR, P 4 kR M B M AR A B 8 A R AU B R I R 09 A B B a8 & Sk (Cuce-
koo Search Algorithm with Logarithmic Decline of Nonlinear Inertial Weights and Random Adjustment Discovery Probability,
DWCS), B, EFLEFZHBBEARLEEEZHRARXNT , Rt — B ERRKFELEEDRORERERAREEEEY
B R, AR S B F kiR kA T A A R ST N AL R I R B R AR R AR R AR AR R A B A K TR
FAALE I, A f A A T8 ke 2B kA B3 T R A A1 b ok Bk B, 38 A B 5 MR UG, o AT AT B B A A Ae
R L AR, AP HBE R R ELABAS AN AELABEE G RAERAER, i, KRR ZRRF. 5 BA,
CS.PSO.ICS F kAR IR A EM KRG T FHRAAE.ZFR Y TERRY AR S TR ER SR, £ 164
R F 2P DWCS 3 sl 83 & B A M E T DWCS AR M4 I R S HRAF M EAFRRGEE N,

KW AL G Rk B BGRI xR 5 B b

RERSES TP301.6

Improved Cuckoo Search Algorithm for Function Optimization Problems

LI Yu', SHANG Zhi-yong® and LIU Jing-sen®
1 Institute of Management Science and Engineering, Business School of Henan University, Kaifeng, Henan 475004 , China
2 Business School of Henan University, Kaifeng, Henan 475004, China

3 Institute of Complex Intelligent Network System, Henan University, Kaifeng, Henan 475004 , China

Abstract In engineering optimization, most problems are continuous optimization problems, that is function optimization prob-
lems. Aiming at the problems of slow convergence speed,low precision and easy to fall into local optimization in the later stage of
Cuckoo algorithm, this paper proposed an improved Cuckoo search algorithm based on the logarithmic decline of nonlinear inertial
weights and the random adjustment discovery probability. Firstly.in the update formula of the path and position of the cuckoo
homing nest,a update method that inertia weight decreases nonlinearly with the number of evolutionary iterations is designed to
improve the nest location and coordinate the abilities of exploration and exploitation. Secondly.the discovery probability with ran-
dom adjustment is introduced to replace the discovery probability of fixed value to make the larger and smaller discovery probabi-
lity appear randomly, which is beneficial to balancing the global exploration and local exploitation of the algorithm, accelerating
the convergence speed,and increasing the diversity of the population. Finally,the logarithmic decreasing parameter and stochastic
adjustment discovery probability are analyzed and tested,and the optimal parameter combination of logarithmic decrement and the
optimal range of stochastic adjustment discovery probability are selected. At this time, the optimization effect of the function is
the best. Compared with other evolutionary algorithms (BA,CS, PSO,ICS),DWCS greatly improves the precision of optimiza-
tion. significantly reduces the number of iterations, and effectively improves the convergence speed and robustness. In 16 test

functions, DWCS can converge to the global optimal solution, which proves that DWCS has a strong competitive power in solving
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the optimization problem of continuous complex functions.
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L E S S E
CS n=25,T=1000,pa=0.25,D=2,10,50,100
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PSO ¢ =c,=2,w€[0.4,0.9)
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DWCS pa€[0.15,0.55],w() € (0,0.1]
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Table 4 Simulation results of Griewank function

EE SIS & wER 348 ARk £
BA 1.77X10 1.52% 102 5.65X10 3.26X10
cs 1.94X10° 2 7.03X10° 2 4.23X10 % 1.33x10 °
10 PSO 1.11x10 ! 1.24 6.08 2.50
1CS 2.59x10° % 6.34x107% 2.89%x10" % 1.58x10 °
DWCS 0.00 0.00 0.00 0.00
BA 2.08%10° 6.19x10° 3.76X10° 1.05X10%
cs 5911071 9.98x107 ' 8.45%x107 1 1.13x10" !
50 PSO  1.67x10° ' 4.81x10° ' 3.27x10° ' 9.03x10 ?
ICS 7.70X10 °  1.27x10 ' 3.52X10 % 2.62Xx10 2
DWCS 0.00 0.00 0.00 0.00
BA 4.22%10° 1.57%x10° 7.66X10° 2.77X10°
cs 2.95 6.02 4.34 6.99x10 !
100 PSO 8.59x10 ! 3.81 1. 54 7.28%10 !
1CS 1.24 1.61 1.42 8.60X10 2
DWCS 0.00 0.00 0.00 0.00
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5  fo(2):Rastrigin BEUR f3(2) : Ackley BRI {7 H 45
Table 5 Simulation results of Rastrigin function and Ackley function

- f2 () f3(2)

e % Bt RER P Rk £ 5ok B£8R P Rk £
BA 3.98 88. 26X 10 3.64X10 1.96 X 10 1.12X10 1.85X10 1.54%X10 1.83
[ 1.94 11.07X10 6.26 1.94 2.89X10° 7  3.82X10°°  8.93x10 %  8.84%x10 ¢

10 PSO 9.97x10" ! 3.03X10 6.22 7.16 1.10x10 % 1.16 9.07X10" % 2.90x10" !
ICS 2.86x10 1 3.89 1.78 9.58x10° " 3.56x107 " 2.60x10 1% 4.97x10" "  5.89x10 M
DWCS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BA 9.35X10 2.77%10% 1.75%X 102 4.80X10 1.57X10 1.87X10 1.71X10 7.99%10 !
cs 1.16X10% 1.90 % 10° 1.53%10° 2.28X10 2.71 5.08 3.77 6.23x10 !

50 PSO 7.96%10 2.29x10? 1.62>x10% 3.99%10 2.41 4.24 3.33 5.15

ICS 2.02%10° 3.30%10° 2.69X10° 3.17X10 5.32X10 2 2.16x10 ! 1.03X10 ' 3.72x10 ?
DWCS 0.00 0.00 0.00 0.000. 00 0.00 0.00 0.00
BA 1.81%X10° 1. 66X 10 2.80 6.07X10 1.53%10 1.81X10 1.70X 10 6.50%10 !
Ccs 3.34%10° 5.14%10° 4.20%10° 4.24X10 6.07 1.01X10 7.38 8.98
100 PSO 3.60%10° 6.41x10° 5.04X10° 6. 90X 10 3.57 6.48 4.70 7.03%X10 !
ICS 6.66x10° 8.15x10° 7.47%10° 3.79X10 3. 60 5.04 4,18 3.22
DWCS 0.00 0.00 0.00 0.00 0.00 0. 00 0. 00 0.00
# 6 f,(2):Schaffer BRELAN f5 (2) : Sphere PRELAY T EL 45
Table 6 Simulation results of Schaffer function and Sphere function

B i f5 ()

e B Bt RER P E I o 2 B4 7 RER P P o 2
BA 3.72X10° % 1.78x10" ! 1.25x10° " 3.85%x10 7 1.94x10° 1.19x10* 6.21x10° 2.72%X10°
cs 9.70Xx10 ° 1.39X10° % 9.90Xx10 %  7.59x10 % 3.63x10 '® 1.50x10 " 5.60x10 " 4.13x10 "

10 PSO 9.70X10 % 3.72X10 % 1.71X10 % 1.24X10° %  1.66X10 °  4.75X10 5.86X10°°  9.77X10 °
ICS 9.70X10 °  3.72X10°% 1.17x10 % 7.00%X10 °® 7.31x10 *? 6.37x10 % 1.22x10 % 1.53x10 %

DWCS 0.00 0.00 0.00 0.00 0.00 0. 00 0.00 0.00
BA 2.28X10° ' 4.30x10° ' 3.43x10° 1 6.04X10 1.75%10* 7.30X 10" 4.06x10* 1.22x10*
Ccs 7.82X10° 2  1.27x10 ! 1.21X10° 1 1.69x10 %  6.68%x10 ! 4,27 2.16 1.01

50 PSO 3.72X10° 2 1.27X10° ' 8.55x10 %  2.63X10 ° 1.77 5.49 3.28 9.45

ICs 7.82X10° %2 1.78X10 ' 1.27x10 ' 2.27X10 %  2.50X10 °  1.86x10 %  7.10X10 ®  4.00X10 °
DWCS 0.00 0.00 0.00 0.00 0.00 0.00 0. 00 0.00

BA 3.46X10° 1 4.72x107'  4.13x1070 3.76Xx10 ¢ 4.47x10* 1.69X10° 8.07x10* 2.90%x10*

cs 1.78X10° 1 2.28x107 ' 2.00x107'  2.46x10° % 2.26x10° 5.24%10° 3.81x10° 8.74X10

100 PSO 7.82x10° %  2.28x10° ' 1.59x10° !  3.38x10 % 2.33X10 7.90X10 3.79X10 1.07X10
ICS 1.79X10° 1 2.98x107 1 2.43x107 ' 2.55X10 % 2.47X10 6.88X10 1.83%10 1.15X10

DWCS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
# 7 f5(2):Sum Squares BEUH f; (2) : Zakharov bR &Y [ FL 45 R
Table 7 Simulation results of Zakharov function and Sum Squares function

o S5 () fr (D
5% i & £ FHME Ao 2 5 fh % & # I R 2
BA 7.88%10 6 1.16 X10% 3.28X10 3.10X10 1.52X10 2.50x10° 1.82%10% 4.51x10°
Cs 1.91x10~ " 1.43x10° " 3.08x10° 1% 3.41x107 !0 9x10"" 4.47x10°%  9.29%x107 7 7.89x10 "

10 PSO 1.83X1077  6.40X107°  7.59%x10° "  1.40X10" %  4.88Xx10° '  5.17x10° % 1.46X10 %  1.36x10 °
(&S] 2.41x10 %% 6.38x10 31 1.72x10 % 1.68x10 %' 1.55x107 ' 7.61x10 10 1.93x10 ' 1.73x10 1
DWCS 0.00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00
BA 2.32%10° 1.59x10* 6.01x10° 2.95%10° 5.26X10 3.92x10* 4.65%x10° 8.59%x10°
[ 1.16x10 ! 5.70x10° 1 3.76x10" ! 1.22%x10" ! 2.60%10° 5.66%10° 4.41x10° 7.78X10

50 PSO 9.81 2.23%10° 1.12%10° 4.02%10° 1.17X10% 6.83%10° 3.31%10° 1.43%10°

1CS 3.61xX10° % 2.80x107%  1.20x10°°  5.08x10 ! 1.64x10° 1.49%10° 2.88% 107 6.91X10
DWCS 0.00 0. 00 0. 00 0. 00 0.00 0. 00 0. 00 0. 00

BA 1.39x10* 6.11x10* 2.79%x10* 1.07x10* 1.24%10° 3.37%10* 6.16x10° 8.32%10°

(&) 9.13X10 2.95x10° 1.50 X 10% 4.67X10 1.12x10° 2.25%10° 1.67Xx10° 3.43%10°

100 PSO 1.38X10% 7.52X10° 3.82%10° 1.23%10° 5.97%10° 2.32%10° 1.28%10° 4.15%10°
ICS 1.0610 2.57X10 1.57X10 3.55 7.74%10° 1.74X10° 1.34%x10° 2.38%10°

DWCS 0.00 0. 00 0. 00 0.00 0.00 0. 00 0. 00 0.00
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28  fs(x):Schwefel’s problem 1.2 BREUFI fo (2) : Schwefel’s problem 2. 21 BB {7 EL 45 R
Table 8 Simulation results of Schwefel’s probiem 1. 2 function and Schwefel’s problem 2. 21{unction
- S5 () fo(2)
e g% 5 1t ## & % F 3 E o 2 i A A & # F ¥ E o 2
BA 1.13%x10° 2.01x10" 8.33x10° 4.91%x10° 2.73X10 5.60X10 3.85X10 7.15
cs 2.93X10° % 5.05X10° 7 2,05X10 7 1.05X10 7 5.16X10 °  4.26X10 ' 1.92x10 '  1.06x10 !
10 PSO 130107 % 3.23x10° 1 3.32Xx107%  6.07x10° %  8.30X10°°  1.44X10° '  5.05X10° %  3.43X10 2
1Cs 2.25%10 % 8.28x10 % 1.83Xx10 % 1.98x10 % 2.56x10 7 2.41X10 % 7.41x10 7  5.23x10 7
DWCS 0.00 0.00 0.00 0.00 0.00 0. 00 0. 00 0.00
BA 3.33x10" 3.50%10° 1.80Xx10° 9.33x10" 4.33X10 7.86X10 6. 1410 8.90
CS 1.70X10° 4.96x10° 3.00%10° 8.16X 107 1.15X10 2.48X10 1.70X 10 3.51
50 PSO 1.15x10° 7.21x10° 3.07x10° 1.34x10° 2.76 1.41X10 7.22 3.22
1cs 3.10X10° 9.97x10° 5.56x10° 1.40%X10° 6.03 1.65X10 1.04X10 2.35X10
DWCS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BA 1.22x10° 1.47%10° 7.43%10° 3.14x10° 5.07X10 7.86X10 6.36X10 7.31
&S 1.93%10* 3.99x10" 2.66>x10" 4.81x10° 2.13X%10 3.50% 10 2.60% 10 2.92
100 PSO 1.16x 10" 5.14x10" 3.11x10" 1.03x 10" 9.11 2.98X10 1.56X10 4.71
(&) 2.44%10" 6.01x10" 3.76x 10" 8.67x10° 1.87X10 3.20X10 2.56X10 3.43
DWCS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
29  fio(2):Schwefel’s problem 2. 22 PRELA £, (x) : Alpine PR LAY {7 BL 45 S
Table 9  Simulation results of Schwefel’s problem 2. 22 function and Alpine function
- fs () fo ()
e % At 4 5 E M F 3 fE o £ i ## ¥ S T E ok %
BA 3.93%10 ! 4.71X10 1.87X10 1.15% 10 2.42%10 ! 7.48 3.27 1.61
(& 1.09x10 " 9.31x10 7 3.37x10 7 1.76x10 7  7.78x10 %  3.27x10 ' 1.91x10 ' 6.10x10 ?
10 PSO 9.80x10° % 2.25x10° '  6.62x10 %  5.62X10 %  1.20X10 %  1.59X10 '  2.31X10 %  3.06X10 2
Ics 4.66x10° "% 1.14x107 1 2.87x107 7 2.38x10 Y 3.42x10° ' 5.76X10 % 8.70X10 *  1.32X10 ¢
DWCS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
BA 5.44 10 1.49%x 10" 5.03%x10% 2.71x10'6 1. 9810 5.39X10 3.41x10 8.07
CS 5.38X10 ! 4.27 1.22 6.78Xx10 ! 1.18X10 2.46X10 1.70X10 3.06
50 PSO 4.57 3.77X10 1.16 10 8.33 2.23 1.27X10 7. 44 2.80%10
ICS 1.32X107 % 3.85x10 % 2.45%X10° %  5.90x10 ° 2.53%10 3.78%10 3.14X10 3.82
DWCS 0.00 0.00 0.00 0.00 0.00 0. 00 0. 00 0.00
BA 1.11x10° 2.50% 10% 8.38x10% 4.56x10% 5.28X10 1.10X10% 7.97X10 1.61x10
cs 1.01X10 1.79% 10 1.38%10 2.17 3.45X%10 6.05X10 1.31X10 6.67
100 PSO 1.50X 10 1. 23X 102 3.65X10 2.08%10 1.16 X 10 5.07X10 2.71X10 8.77
1CS 7.06 3.21X10 1.13X10 1.86 5.67X10 8.91X10 7.57X10 9.54x10
DWCS 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
%10 f12(2) :Goldstein-Price i 41 7 245 # 12 f1u (o) Six-Hump Camel B89 7 HLA5R
Table 10  Simulation results of Goldstein-Price function Table 12 Simulation results of Six-Hump Camel function
% % g% A e F A Rk £ %% g% = A W E T i E
BA 3.00 8.40X10 5.70X10 1.48%10 BA —1.0316 —0.2155 —1.0044  1,49%10 !
CS 3.00 3.00 3.00 2.09x10 1% CS —1.0316 —1.0316 —1.0316  6.71x10 16
2 PSO 3. 00 3.00 3.00 1.24x10 1 2 PSO —1.0316 —1.0316 —1.0316  6.52x10 6
1CS 3.00 3.00 3.00 1.23x10° 1 1CS —1.0316 —1.0316 —1.0316  6.78x10 6
DWCS 3.00 3.00 3.00 1.20x10° "8 DWCS —1.0316 —1.0316 —1.0316 5.83x10"'®
R 1L f15(2) :Branin sfBURY ff HLHR %13 f15 () Schaffer N. 2 o8 {5 EL 4%
Table 11 Simulation results of Branin function Table 13 Simulation results of Schaffer N. 2 function
wy  R#E A A R E R A R S K R4 kR T4 fif Rk %
BA 0.3979 0.399 0.3979 2.49%10 10 BA  2.68%10~% 4.25%10~' 1.25%10~' 1.09%10"!
cs 0.3979 0.3979 0.3979 0.00 cs 0.00 0. 00 0. 00 0.00
2 PSO 0.3979 0.3979 0.3979 0.00 2 PSO 0. 00 0. 00 0. 00 0.00
1CS 0.3979 0.3979 0.3979 0.00 1cS 0. 00 0. 00 0. 00 0.00
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Table 14  Simulation results of Easom’s function
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