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An improved cuckoo search for multimodal optimization problems

ZHANG Yiying, JIN Zhigang

(School of Electrical and Information Engineering, Tianjin University, Tianjin 300072, China)

Abstract; Cuckoo search algorithm is a simple and efficient meta-heuristic algorithm, while it can be easily trapped
into local optimum when solving complex multimodal optimization problems. To tackle this problem, an improved
cuckoo search algorithm based on neural networks was proposed by combining the characteristics of neural network
algorithm and cuckoo search algorithm. The core idea of this algorithm is to balance global search ability and local
search ability of cuckoo search algorithm with powerful global search ability of the improved neural network
algorithm and dynamic population strategy, thereby reducing the possibility of the cuckoo algorithm falling into local
optimum. The algorithm firstly sorts the individuals in the population according to the fitness values. Then the best
half individuals of the population are performed by the cuckoo search algorithm, whereas the worst half individuals
are optimized by the improved neural network algorithm. Finally all individuals are grouped into a new population,
from which the optimal solution can be selected. In this experiment, 24 complex multimodal optimization problems
were employed to study the optimization performance and compare between the proposed algorithm and neural
network algorithm, cuckoo search algorithm, and other improved cuckoo algorithms. Results show that the proposed
algorithm fully demonstrated the advantages of the modified neural network algorithm and the cuckoo search
algorithm, which was significantly better than other algorithms in resolution quality, convergence speed, and
stability.
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Tab.1 Benchmark test functions( “U” and “M” stand for unimodal and multi-model respectively)

ErRes PR PREFR A HepE HUEIXE] PRI A
D
F, Sphere flx) = 3 a7 30 [ -100,100] U
i=1
D
F, Sum Squares flx) = Zi x x? 30 [ -10,10] U
i=1;
D D
Fy Schewefel 2. 22 fx) = 3 1w 1+ [T x| 30 [ -10,10] U
i=1; i=1
D i
F, Schewefel 1.2 [0 =Y (T 30 [ -100,100] M
=1 j=1
D-1
Fs Rosenbrock flx) = ZIOO (%41 —x%)z + (x; — 1)2 30 [ -30,30] M
i=1
1 D D x
F iewe (%) = —— 522 - TTcos —= _
p Griewank f(x) 4000;% Hom 7 +1 30 [ -600,600] M
D
y Alpine flx) = Z | x;sin(x;) +0. 1z, | 30 [ -10,10] M
i=1

D 1 D
=-20 /1 2 - — % co2mx; )+20 + e _
Fy Ackley f(x) exp( 0.2, /- le ) exp( ) ;Los m,,) € 30 [ -32,32] M
sinz( /ixz)—o.s
F, Schaffer flx) =0.5 + =1 30 [ -100,100] M

(1 +0.001( ix?))z

)
F Rastrigin flx) = lez - 10cos(2mx;) + 10 30 [ -5.12,5.12] M
=

x2 AFGMKEH(“M"KRZIETL)

Tab.2  Composition test functions (“M” stands for multi-model function)

P Fi—A R SRR WERFET Ei358 B X 8] PREZE T
F, F, F, 0.25 30 [ -100,100] M
Fi F, Fy 0.25 30 [ -100,100] M
Fis Fy F; 0.25 30 [ -10,10] M
Fi, F, Fy 0.50 30 [ -10,10] M
Fis Fy Fy 0.50 30 [ -10,10] M
Fig Fy Fy 0.50 30 [ -10,10] M
Fi, Fs F, 0.50 30 [ -10,10] M
Fig Fs Fe 0.75 30 [ -10,10] M
Fig Fy Fy 0.75 30 [ -10,10] M
Fyy F; Fy 0.75 30 [ -10,10] M
£y Fy Fy 0.75 30 [ -32,32] M
Fy Fy Fe 0.75 30 [ -100,100] M
Fy Fi Fy 0.75 30 [ -5.12,5.12] M
Fy Fy Fy 0.75 30 [ -5.12,15.12] M
4.3 EEEMisRR SE 446 %5} 1% 22 ( Mean Absolute Error, ME ) £l 5

TEASCH 3 DIEM AR AR g T IWBOR RIS #iEJ7 22 (Standard Deviation, SD) : ME J2& B A7 WLl (i
Z LAk 22 52 5 LR 22 (9 48 XHEL R 2, 5 RER A R Y
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Tab.3 Experimental results of 6 optimizers for benchmark functions (best results highlighted in boldface )

e fEkR NNA MNNA cs ICS ACS NNCS
F, ME 9.03x10° "8 2.13 x10* .89 x10°" 2.52x107% 7.21x10° " 2.22x10°°
SD 1.06 x10 "7 4.17 x10° .86 x10°1 3.07x10°% 7.73x10°1 1.22x10 %9
F, ME 1.49 x10°° 4.09 x 10? .91 x1072 4.16 x 10° 4.87 x1072 3.13x10°%
SD 1.04 x10 ¢ 4.82 x10" .13 x1072 1.45x10° 2.29 x10 72 1.71 x10°%
Fy ME 1.09 x10 710 6.61 x 10" .62 x1077 6.70x10°1 3.25x107° 9.87 x10 7%
SD 1.24 x10°1° 2.43 x10! .31 %1077 9.48 x10°1 2.46 x107° 5.21 x107%
F, ME 1.42x10~* 3.99 x 10* .95 x 10° 3.98 x 10* 1.70 x 10° 6.32 x10 %
SD 9.35x107° 5.59 x 10° .78 x10° 8.62 x 10! 8.88 x10 ! 3.46 x10°%
Fy ME 2.24 x 10! 4.61 x10° .42 x10! 2.14 x 10" 2.13 x 10! 1.53x107°
SD 1.19 x10° 1.57 x10° .41 x10! 1.26 x 10° 1.27 x10° 7.04 x107°
Fs ME 6.43 x10 ™ 1.94 x 10? .50 x10* 1.48 x10° 1 1.15x107* 0.00 x 10°
SD 2.43x10°1 4.43 x10" .97 x10 73 5.74x10°18 6.27 x10~* 0.00 x 10°
F; ME 6.91x107" 3.54 x 10! .86 x10° 1.14 x10° 5.12 x10° 3.84x10°18
SD 1.28 x10° 2.84 x10° .33 x10° 1.31 x10° 2.42 x10° 2.10x107"7
Fy ME 5.92x10°1° 1.85 x 10! .30 x10 7! 7.37x107°° 6.21 x10 72 8.88 x 10716
SD 5.41 x10°1° 4.02x10"! .41 x107! 4.03 x10 73 2.36 x107! 0.00 x 10°
Fy ME 3.40 x10 72 5.00x10 ! .06 x10 ! 7.00 x 10 72 1.31 x10 ! 4.21x1073
SD 1.33x1072 1.09 x10~* .66 x10 72 1.67 x10 72 3.20x10 2 4.90 x10 3
Fy ME 6.21 x10° 2.79 x 10? .88 x 10" 4.77 x 10! 6.86 x 10" 0.00 x 10°
SD 4.40 x 10° 2.79 x 10" .04 x 10" 1.09 x 10 1.73 x 10" 0.00 x 10°
Fy ME 2.27 x10 712 5.00 x 10* .04 x1077 5.39x107% 1.09x10 7 8.95x10°%
SD 4.58 x10 12 5.61 x10° .04 x10°° 3.85x1078 9.17 x107% 4.39 x10 %
Fiy ME 2.18 x10°" 2.06 x 10* .00 x10 "2 1.81 x10°% 6.04 x10°" 1.50 x10 "
SD 4.40 x10°"7 4.45 x10° .23 x10°"2 2.42x107% 6.64 x10°1 5.80x10°"




- 96 - LS S D A NI S ¢ EERIE
&HR3
Fis ME 2.44 x10 " 4.18 x 10? 1.19 x10 2 2.93 x10° 1.46 x10 2 1.39 x10°%
SD 2.68 x10 71 4.90 x 10" 8.76 x10 73 1.37 x10° 7.10x10? 7.60 x10 -3
Fyy ME 4.54 x10°1° 4.10 x 10? 5.09 x10 73 4.77 x10° 5.61 x1073 4.44 x10°1
SD 3.74 x10°1° 6.01 x 10" 5.50 x10 3 1.37 x 10° 5.86 x107? 0.00 x 10°
Fis ME 1.45 x10! 3.19 x10° 1.45 x 10! 1.45 x 10! 1.45 x 10! 1.45 x 10!
SD 9.67 x1071 1.34 x10° 2.39x107! 4.15x1073 9.21 x10~* 3.61 x107°
Fig ME 1.05x10°1° 7.43 x 10" 3.64x1077 5.48 x10°13 3.38 x10°° 9.47 x10~%
SD 1.41x10°1° 2.09 x 10" 3.06 x1077 6.52x10°" 2.42x107° 3.55x107¥
Fy ME 2.53 x10! 4.70 x 10° 2.99 x 10! 2.48 x10' 2.51 x10' 1.41 x 10!
SD 1.09 x10 7! 1.52 x10° 1.52 x10" 6.06 x10 " 4.06 x107" 1.50 x10 3
Fig ME 1.43x107° 1.87 x 10! 1.41 x10° 1.19x10~* 1.76 x10 7! 8.88 x 10716
SD 2.09 x10? 4.71x107! 9.52x107! 6.01 x10~* 5.36 107! 0.00 x 10°
Fi ME 8.12 x10° 2.77 x 10? 3.97 x 10" 5.66 x 10! 7.59 x 10! 0.00 x 10°
SD 2.69 x10° 2.95x10" 1.04 x 10" 1.20 x 10! 1.15 x10" 0.00 x10°
Fy, ME 5.40 x10° 2.72 x 10? 4.59 x 10" 5.47 x 10! 7.18 x 10" 0.00 x 10°
SD 3.93 x10° 2.94 x 10! 8.79 x 10° 1.37 x10' 1.32 x10" 0.00 x 10°
Fy ME 6.01 x10 73 5.12 x10° 7.89 x107! 2.45x107" 4.31x107" 1.30 x10 "7
SD 2.57x1072 8.05x 10! 2.24x10 7! 8.95x10 2 1.54x10"! 6.13x10°"7
Fy ME 5.73 x10° 4.41 x10" 8.28 x 10° 5.53x10°° 7.37 x10° 6.66 x 1071
SD 4.20 x10° 3.83x10° 2.84 x10° 2.92x10* 4.41 x10° 0.00 x 10°
Fyy ME 6.23x107! 3.56 x 10! 3.08 x10° 1.20 x 10° 5.19 x10° 8.81 x107%
SD 5.66 x10 7! 3.67 x10° 1.09 x 10° 1.34 x10° 2.43 x10° 4.58 x10 %
Fp ME 2.52 x10! 4.59 x 10° 2.47 x 10" 2.19 x 10" 2.22 x 10" 6.70 x 107"
SD 1.09 x10' 1.62 x10° 1.41 x 10! 7.27 x10 7! 1.27 x10° 1.51x107°°

R4 gy T AR P 45 X5 1R 22 B9 Tied rank
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Tab.4 Ranking results of algorithms on the basis of mean absolute errors( “AVG” stands for the average value)
Algorithm  F, F, F, F, Fs F, F, Fy Fy Fy F,, Fy, Fiy Fyy Fis Fig Fiy Fig Fig Fyy Fy Fy Fpy Fpy  AVG
NNA 3 2 3 2 4 2 2 2 2 2 2 3 2 2 3 3 4 2 2 2 2 3 2 5 2.54
MNNA 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6.00
CS 4 4 4 4 5 5 4 5 5 3 5 5 3 3 3 4 5 5 3 3 5 5 4 4 4.17
ICS 2 5 2 5 3 3 3 3 3 4 3 2 5 5 3 2 2 3 4 4 3 2 3 2 3.17
ACS 5 3 5 3 2 4 5 4 4 5 4 4 4 4 3 5 3 4 5 5 4 4 5 3 4.04
NNCS 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3 1 1 1 1 1 1 1 1 1 1.08

F 5 R T BUR L RE R 645 5 (2 MK P
a=0.05). tEE S5, “R(+)",“R(-)",
“p-value” F1“S” 7l R IERR AN SRR A K25 P A
FREIATS. A0 Hh G 560 o D0 , 1 B R K 67 B A
HAGE P AE/NT W EHEACHE, WA I AT 5 FRid
T OHIER AR TR 2 AR A IERRRUD

THRRAEALLE P AE /T 52 3 AR, WS 3647
SO =T RS 1 AMEE S TH 2 AR RS T
PIE 2], NNCS 7 i A U 38 pR £ b 3574 T MNNA |
CS.ICS F1 ACS. 7£ F,5 I, NNA {JtF NNCS, {H & H:
45T NNCS 7EH4x 23 At sk 55 L. Bk i, A
FbFHE 5 A, NNCS B2 75 i o 2 WA A )
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Tab.5 Pairwise comparison of several algorithms by Wilcoxon signedrank test (o =0.05)
.. NNCS vs. NNA NNCS vs. MNNA NNCS vs. CS NNCS vs. 1CS NNCS vs. ACS
R(+) R(-) p-value SR(+)R(-) p-value SR(+)R(-) p-value SR(+)R(-) pvalue SR(+)R(-) p-value S

Fioo465 0 1.73x107°+ 465 0 1.73x10°°+ 465 0 1.73x107°+ 465 0 1.73x107°+ 465 0 1.73x107° +
F, 465 0 1.73x107%+ 465 0 1.73x10°°+ 465 0 1.73x107°+ 465 0 1.73x107%+ 465 0 1.73x107% +
Fy 465 0 1.73x107°+ 465 0 1.73x10°°+ 465 0 1.73x107°+ 465 0 1.73x107°+ 465 0 1.73x107° +
Fy 465 0 1.73x107°+ 465 0 1.73x10°°+ 465 0 1.73x107°+ 465 0 1.73x107°+ 465 0 1.73x107° +
Fs 465 0 1.73x107°+ 465 0 1.73x10°°+ 465 0 1.73x107°+ 465 0 1.73x107°+ 465 0 1.73x107° +
Fg 243 22 3.13x1072+ 465 0 1.73x107°°+ 465 0 1.73x107®+292.5 172.5 6.10x1075+ 465 0 1.73x107° +
F, 465 0 1.73x107°+ 465 0 L1.73x107°+ 465 0 1.73x107°+ 465 0 1.73x107°+ 465 0 1.73x107° +
Fg 465 0 1L73x10°°+ 465 0 1.73x107%+ 465 0 L173x107°+ 465 0 1.73x107°+ 465 0 1.73x107° +
Fy 462 3 235x107°+ 465 0 1.73x107°°+ 465 0 1.73x107°+ 465 0 1.73x107°+ 465 0 1.73x107° +
Fio 465 0 1.73x107°+ 465 0 1.73x107°+ 465 0 1.73x10°°+ 465 0 1.73x107°+ 465 0 1.73x10°° +
Fiy 465 0 1.73x107°+ 465 0 1.73x107%+ 465 0 1.73x10°°+ 465 0 1.73x107°+ 465 0 1.73x10°° +
Fi, 465 0 1.73x107°+ 465 0 1.73x107%+ 465 0 1.73x107°+ 465 0 1.73x107°+ 465 0 1.73x10°° +
Fiy 465 0 1.73x107°+ 465 0 1.73x107%+ 465 0 1.73x10°°+ 465 0 1.73x10°+ 465 0 1.73x10°° +
Fiy 465 0 1.73x107°+ 465 0 1.73x10°°+ 465 0 1.73x10°°+ 465 0 1.73x107°+ 465 0 1.73x10°° +
Fis 133.5 331.5 1.42x1072- 465 0 1.73x10°%+ 465 0 1.73x10°°+ 443 22 1.49x107°+ 465 0 1.73x10°° +
Fig 465 0 1.73x107%+ 465 0 1.73x107%+ 465 0 L1.73x107°+ 465 0 1.73x107°+ 465 0 1.73x107° +
Fy; 465 0 1.73x107%+ 465 0 1.73x10°°+ 465 0 1.73x107°+ 465 0 1.73x107%+ 465 0 1.73x107% +
Fig 465 0 1.73x107°+ 465 0 1.73x107%+ 465 0 1.73x10°°+ 465 0 1.73x107°+ 465 0 1.73x10°° +
Fig 465 0 1.73x107°+ 465 0 1.73x107%+ 465 0 1.73x10°°+ 465 0 1.73x107°+ 465 0 1.73x10°° +
Fy 465 0 1.73x107°+ 465 0 1.73x107°+ 465 0 1.73x10°°+ 465 0 1.73x107°+ 465 0 1.73x10°° +
Fy 4355 29.5 3.69x107°+ 465 0 1.73x10°°+ 465 0 1.73x10°°+ 465 0 1.73x107°+ 465 0 1.73x10°° +
Fp 465 0 1.73x107°+ 465 0 1.73x10°°+ 465 0 1.73x10°°+ 465 0 1.73x107°+ 465 0 1.73x10°° +
Fy 465 0 1.73x107%+ 465 0 1.73x10°%+ 465 0 1.73x10°%+ 465 0 1.73x107%+ 465 0 1.73x107% +
Fy 465 0 1.73x107%+ 465 0 1.73x107°+ 465 0 1.73x107%+ 465 0 1.73x107%+ 465 0 1.73x107% +
+/ -/ = 23/1/0 24/0/0 24/0/0 24/0/0 24/0/0
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Fig.5 Convergence curves of 6 optimizers on test functions
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