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Abstract : Lévy Flights random walk and Biased/selective random walk is employed in cuckoo search algorithm to search
for new solutions. Instead of a fixed scaling factor in standard Lévy Flights,in our study, global and local best fitness of
individuals in each generation are utilized to dynamically define the scaling factor. And a modified cuckoo search algo-
rithm, called GlbestCS is proposed. Comprehensive experiments demonstrate that this strategy is feasible ,and it can effec-
tively strengthen the convergence speed and improve accuracy of cuckoo search algorithm. In addition , the performance of
the proposed algorithm is generally better than that of cuckoo search algorithm that uses a constant scaling factor, either
based on uniformly distributed random numbers or based on a beta distribution random numbers.
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Table 1 Average fitness error obtained by CS and GLbestCS for benchmark functions(D=30)

AVGy, +SDy, AVG, +SDy,
Function Function
CS GLbestCS CS GLbestCS
Fo 9.24e-31%1.17e-30 1.84e-57+2.20e-57 F, 1.47¢-29+4.96e-29 8.08e-30+4.04e-29
F 1.18e+01+1.29¢+01 6.19e+00£1.39¢+01 F, 6.64e-03+7.90e-03 6.28e-03+4.05e-03
Fo 1.49e-01+3.48e-01 7.11e=15+0.00e+00 Fy 2.27e+06+5.53e+05 3.26e+06£1.13e+06
F,, 2.96e-04+1.48e-03 0.00e+00+0.00e+00 F, 1.82e+03+1.28e+03 3.78e+02+2.90e+02
F. 2.36e+01+4.42¢+00 1.47e+01£6.08e+00 Fs 3.12e+03+9.86e+02 1.47e+03+7.89¢+02
F 1.49e+03+2.26e+02 5.39e+02+4.05e+02 Fg 2.44e+01£2.53¢+01 9.01e+00+8.31e+00
F, 3.68e-01£6.25¢-02 2.04e-01£2.00e-02 F; 9.17e-04+2.05e-03 4.48e-03+8.97e-03
F o 3.73e+02+5.61e+01 2.50e+02+6.10e+01 Fy 2.09e+01+5.48e-02 2.09e+01+5.92e-02
Fon 6.75e-19+2.45¢-18 1.57e-32+5.59¢-48 Fy 2.73e+01+£6.37e+00 1.71e+01+7.87e+00
Fin 3.50e-28+1.28e-27 1.35e-32+5.59e-48 Fy 1.64e+02+3.03e+01 1.09e+02+1.90e+01
+/=/- 14/5/1
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3.2

% 2 CS F1 GLbestCS KNI HEH A FEREIRZE (D=10 and D=50)

Table 2 Average fitness error obtained by CS and GLbestCS for benchmark functions(D =10 and D=50)

D=10 D=50
Function
CS GLbestCS CS GLbestCS
Foy 5.13e-26+8.08e-26 2.69e-57+3.58e-57 3.8le-17+2.31e-17 2.94e-31+2.24e-31
Fo 9.99¢-01+1.01e+00 9.28e-02+2.69¢-01 4.04e+01+1.41e+01 3.61e+01+1.02e+01
F o 2.5le-11£3.45¢-11 3.4le-15+7.11e-16 3.26e-02+1.52¢-01 1.73e—14+2.77e-15
Fo 3.13e-02+1.18e-02 2.39e-02+1.66e-02 2.34e-11x1.16e-10 0.00e+00+0.00e+00
F. 2.80e+00£1.12e+00 1.23e+00+1.19¢+00 8.37e+01+9.89¢+00 1.08e+02+2.46e+01
Fo, 7.21e+01+5.90e+01 5.74e-05+2.85e-04 4.95e+03+3.15e+02 4.32e+03+1.34e+03
Fo 9.99¢-02+2.15¢-05 9.99¢-02+2.24e-07 6.72¢-01+8.91e-02 3.36e-01+4.90e-02
Fon 2.31e+01+£5.11e+00 1.57¢+01+4.81e+00 1.33e+03+9.39¢+01 1.27e+03+2.21e+02
Fon 8.18e-19+2.28e-18 4.71e-32+1.12e-47 2.06e—04+6.70e-04 2.40e-25+7.54e-25
Fin 2.14e-23+3.30e-23 1.35e-32+5.59e-48 8.23e-14+2.99¢-13 4.48e—-29+4.20e-29
F, 6.13¢-26+6.91e-26 0.00e+00+0.00e+00 2.46e-16+2.24e-16 0.00e+00+0.00e+00
F, 1.13e~13+1.24e-13 3.49¢-20+3.31e-20 2.34e+02+8.61e+01 7.77e+02+2.18e+02
Fy 2.02e+02+1.26e+02 9.26e+02+5.59¢+02 8.46e+06+1.41e+06 2.05e+07+5.41e+06
F, 8.84e-06+8.90e-06 8.99e-11+1.29¢-10 2.69e+04+3.41e+03 1.98e+04+3.97e+03
Fs 1.30e-04+1.00e-04 4.30e-11+3.23e-11 1.06e+04+1.66e+03 6.01e+03+6.69¢+02
Fg 1.58e+00+1.58e+00 9.91e-02+2.56e-01 5.82e+01+2.55¢+01 4.96e+01+2.42¢+01
F, 4.76e—02+1.65e—02 5.37e-02+2.93e-02 1.81e-03+2.40e-03 1.25¢-03+2.06e—03
Fy 2.03e+01£8.36e-02 2.04e+01+6.30e-02 2.11e+01£3.03e-02 2.11e+01£3.90e-02
Fy 2.47e+00+8.67e-01 1.08e+00+1.28e+00 1.20e+02+1.29e+01 9.81e+01+3.02e+01
F 1.96e+01+4.64e+00 1.41e+01+4.15e+00 3.86e+02+5.46e+01 2.61e+02+2.39¢+01
+/=/= 15/4/1 13/4/3
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3.3 SHAMK#ER CS EERILRS T
% 3 Ji5R VCS BetaCS Fl GLbestCS S 7E Mk s E YR, 3K 4 19502 Wilcoxon FC X Bk FIAS
B0 H R+ R GLbestCS S RAR A P13 1y (H 1R 2547 SR 5y — Sk I BB 4 “R-" . % 5 4
HT Friedman #5617 4551, Z54M 5 , GLbestCS BEMIMEREIL T VCS F1 BetaCS &1,
&3 VCS.BetaCS #1 GLbestCS K7 llixt & £ Y T & M EIRZE (D =30)

Table 3 Average fitness error obtained by VCS,BetaCS and GLbestCS for benchmark functions(D=30)

AVGEr£SDEr AVGEr+SDEr
Function
VCS GLbestCS BetaCS GLbestCS
Fo 2.96e-49+6.25e-49 1.84e—57+2.20e-57 2.44e-57+4.05e-57 1.84e-57+2.20e-57
F o 4.50e+00+2.64e+00 6.19¢+00+1.39¢+01 2.82e+00+3.54e+00 6.19e+00£1.39¢+01
Foo 7.25e-15+7.11e-16 7.11e=15+0.00e+00 7.11e=15+0.00e+00 7.11e=15+0.00e+00
Fo 0.00e+00+0.00e+00 0.00e+00+0.00e+00 0.00e+00+0.00e+00 0.00e+00+0.00e+00
F.. 1.61e+01£6.27e+00 1.47e+01£6.08e+00 1.70e+01+6.58e+00 1.47e+01£6.08e+00
F, 6.13e+02+3.94e+02 5.39e+02+4.05e+02 4.04e+02+2.09e+02 5.39e+02+4.05e+02
F o, 2.24e-01+4.36e-02 2.04e-01£2.00e-02 2.16e—01£3.74e-02 2.04e-01£2.00e-02
F o 2.56e+02+6.65¢+01 2.50e+02+6.10e+01 2.74e+02+£5.91e+01 2.50e+02+6.10e+01
Fi 1.57e=32+5.59e-48 1.57e=32+5.59e—-48 1.57e=32+5.59e-48 1.57e=32+5.59e—-48
Fon 1.35e-32+5.59e-48 1.35e-32+5.59e-48 1.35e-32+5.59¢-48 1.35e-32+5.59e-48
Fy 0.00e+00+0.00e+00 8.08e-30+4.04e-29 0.00e+00+0.00e+00 8.08e-30+4.04e-29
F, 1.49e-02+9.52e-03 6.28e-03+4.05e-03 5.91e-03+3.84e-03 6.28e-03+4.05¢-03
Fy 3.60e+06+9.64¢+05 3.26e+06+1.13e+06 3.31e+06+1.02e+06 3.26e+06+1.13e+06
F, 4.45e+02+3.82e+02 3.78e+02+2.90e+02 4.45e+02+3.35e+02 3.78e+02£2.90e+02
Fy 1.88e+03+6.89e+02 1.47e+03+7.89e+02 1.90e+03+6.78e+02 1.47e+03+7.89¢e+02
Fy 1.05e+01+1.39e+01 9.01e+00+8.31e+00 9.68e+00+1.82e+01 9.01e+00+8.31e+00
F; 4.81e-03+5.95¢-03 4.48e-03+8.97¢-03 3.51e-03+4.57e-03 4.48e-03+8.97e-03
Fg 2.10e+01+4.63e-02 2.09e+01£5.92e-02 2.09e+01+4.99e-02 2.09e+01£5.92e-02
Fy 1.88e+01+5.88e+00 1.71e+01+7.87e+00 1.69e+01+7.99e+00 1.71e+01+7.87e+00
Fi 1.00e+02+1.51e+01 1.09e+02+1.90e+01 1.05e+02+2.06e+01 1.09e+02+1.90e+01
+/=/- 4/16/0 1/19/0
%4 VCS.BetaCS #1 GLbestCS i Wilcoxon BLXt#£F1#&36 (D=30)
Table 4 Wilcoxon matched-pairs signed-rank test for VCS,BetaCS and GLbestCS(D=30)
Algorithm R+ R- P-value a=0.05 a=0.1
GLbestCS vs. VCS 168.40 41.60 0.017 938 + +
GLbestCS vs. BetaCS 97.25 112.75 0.772 330 = =
=5 3ANEEKFNKREA T Friedman %368 (D=30)
Table 5 Average ranking of three algorithms by the Friedman test for 20 functions(D=30)
Algorithm GLbestCS BetaCS VCS
ranking 1.73 1.85 2.42
3.4 3tk EMITE
%6 A4 k BUEATRIBT GLbestCS 843 7 M4 PR BUS A 45 5.
% 6 GLbestCS KfE MK FE M F 19BN EIRZE (k=0.5,k=1 and k=1.1)
Table 6 Average fitness error obtained by GLbestCS for benchmark functions(k=0.5,k=1 and k=1.1)
Functi k=1.1 Pyl k=0.5 k=1.0 Poval k=0.5
unetion GLbestCS vaue GLbestCS GLbestCS vaue GLbestCS
Fo 3.48¢-43+£3.94e-43 + 0.000 012 1.84e—57+2.20e-57  4.54e—48+7.39e-48 + 0.000 012 1.84e-57+2.20e-57
F.. 2.15e+00£2.61e+00 - 0.039 554  6.19¢+00+1.39e+01 1.49¢+01x1.41e+01  + 0.000 328  6.19e+00+1.39e+01
F ook 6.96e-15+7.11e-16 = 1 7.11e=15+£0.00e+00  7.53e—15£1.56e-15 = 0.5 7.11e=15+0.00e+00
Fo 0.00e+00+£0.00e+00 = 1 0.00e+00£0.00e+00  0.00e+00£0.00e+00 = 1 0.00e+00+0.00e+00
F.. 1.17e+01£3.61e+00 = 0.103 553 1.47e+01+6.08e+00  1.77e+01+6.34e+00 = 0.121 828 1.47e+01+6.08e+00
F 4.49e+02+2.21e+02 = 0.581 228 5.39e+02+4.05e+02  9.45e+02+4.50e+02 + 0.001 303 5.39e+02+4.05e+02
F 2.08e-01£2.77e-02 = 0.264 15 2.04e-01+£2.00e-02  2.68e-01+4.76e-02 + 0.000 364 2.04e-01+2.00e-02
Fo 2.19e+02+8.20e+01 = 0.103 553 2.50e+02+6.10e+01  2.83e+02+6.77e+01 = 0.264 15 2.50e+02+6.10e+01
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Table 6 continued
Function Gibelsiés P-value Glibez.t‘(és Gibel_e,i(és P-value G]IC‘bc(i.thS
Fo 1.57e-32+5.59e-48 = 1 1.57e-32+5.59e-48  4.15e-03£2.07e-02 = 1 1.57e-32+5.59e-48
Foo 1.35e-32+2.47e-34 = 1 1.35e-32+5.59e-48  1.35e-32+5.59e-48 = 1 1.35e-32+5.59e-48
F, 0.00e+0020.00e+00 = 1 8.08¢-30+4.04¢=29  0.00e+0020.00e+00 = 1 8.08e-30+4.04e-29
F, 5.26e-03£3.15¢-03 = 0.562 928 6.28e-03+4.05e-03  3.03e-03+1.69e-03 - 0.001 721  6.28e—034.05¢-03
Fy 3.19e+06=1.17e+06 = 0.637 733  3.26e+06x1.13e+06  2.79e+06£8.79e+05 = 0.115475 3.26e+06=1.13e+06
F, 3.04e+02+2.72e+02 = 0.339 479  3.78e+02+2.90e+02  4.03e+02£2.54e+02 = 0.618 641  3.78e+02+2.90e+02
Fs 1.65e+03+6.07e+02 = 0.252 813 1.47e+03+7.89e+02  2.31e+03£6.58¢+02 + 0.000 194 1.47e+03+7.89¢+02
Fq 8.57e+00£1.72¢+01 = 0.150 003 9.01e+00+8.31e+00  1.98e+01£2.08e+01  + 0.017 253  9.01e+00=8.31e+00
F, 5.36e-0326.81e-03 = 0.231 167 4.48e-03+8.97e-03  9.61e-03x1.02e-02 + 0.034 67 4.48e—-03+8.97e-03
Fy 2.09¢+01£5.56e-02 = 0.459 336  2.09e+01£5.92e-02  2.09e+01x4.71e-02 = 0.069 337  2.09e+01+5.92e—-02
F, 1.43e+01£5.28e+00 = 0.191 898 1.71e+01+7.87e+00  2.13e+0127.42e+00 = 0.073 565 1.71e+01+7.87e+00
Fy 1.01e+02+1.70e+01 = 0.165 837  1.09e+02+1.90e+01  8.92e+01x1.41e+01 - 0.001 186 1.09e+021.90e+01
+/ =/~ 1/18/1 7/11/2
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%7 GLbestCS K#Z K H## F 15 Friedman %36 % (D=30)
Table 7 Average ranking of GLbestCS by the Friedman test for 20 functions(D=30)
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ranking
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% 8 CCS 1 GLbestCCS KM i # ) FHEMERZE (D=30)
Table 8 Average fitness error obtained by CCS and GLbestCCS for benchmark functions(D=30)

AVGy, 3Dy, AVGy, £SDy;,
Function Function
CCS GLbestCS CCS GLbestCS
"ph 5.08e=55+9.57e-55 2.75e-58+8.33e-58 Fy 0.00e+00+0.00e+00 0.00e+00+0.00e+00
F.. 2.12e-01+£8.10e-01 1.62e-01+7.98e-01 F, 5.34e-09+7.74e-09 5.72e-09+1.31e-08
F 8.24e—15+2.66e~-15 9.09e-15+3.09e-15 Fy 8.89e+04+5.33e+04 9.99e+04+£5.32¢+04
Fo 0.00e+00+0.00e+00 0.00e+00+0.00e+00 F, 3.20e+01+9.74e+01 7.37e+00+8.09¢+00
F. 1.48e+01+6.90e+00 1.28e+01+7.27e+00 Fs 6.84e+02+6.65e+02 4.36e+02+4.24e+02
Foa, 7.65e+02+2.67e+02 6.59e+02+2.77e+02 Fe 9.31e-01£2.58e+00 7.26e-01x1.47¢+00
Foa 2.64e—01+4.90e-02 2.40e-01+£5.00e-02 F; 5.71e=03+6.58¢-03 4.53e-03+7.02¢-03
Fon 1.76e+02+7.48e+01 1.77e+02+7.22e+01 Fyq 2.09e+01+7.18e-02 2.09e+01+4.98e-02
Fon 1.57e-32+5.59e-48 1.57e=32+5.59e-48 Fy 1.62e+01+5.19e+00 1.40e+01+5.79e+00
F, 1.35e-32+5.59e-48 1.35e-32+2.47e-34 Fio 6.14e+01£1.48e+01 6.30e+01£1.21e+01
%9 CCS 71 GLbestCCS #J Wilcoxon Ei 3t #£ #0618 (D=30)
Table 9 Wilcoxon matched-pairs signed-rank test for CCS and GLbestCCS(D=30)
Algorithm R+ R- P-value a=0.05 a=0.1

GLbestCS vs. CCS 176.00 34.00 0.008 034 + +
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