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Tab.1 Comparison results for unimodal functions

EEL B LA B T 1 22
KHA 7.36 x10™* 8.97x107° 6.52x10°°
OKHA 6.82x10™" 6.15x107° 2.38 x10*

4 IKHA 5.17x10°* 4.05x107° 6.34x107*
CEQKHA 4.36 x10™* 3.89x10™° 4.28 x107*
KHA 4.93x107° 2.71x107> 3.25x107°

. OKHA 2.40 x10™° 4.24x107° 5.13x107*
£z IKHA 3.19x107° 8.56x107° 7.25x10°*
CEQKHA 5.65x10™* 1.79x10™° 1.06 x10*
KHA 1.78 x10 7> 4.27 x10™* 6.54 x10~*
OKHA 3.23x107° 5.18x107° 5.94x10°°

5 IKHA 4.93x10°° 1.87x107° 3.24x10°°
CEQKHA 2.32x107" 6.18 x10™* 1.56 x10°°
KHA 2.67x107° 4.91x107> 7.76 x10 "’

~ OKHA 5.90x10™* 1.52x107° 5.65x107°

2 IKHA 4.43 x107* 6.56x107° 5.72x107°
CEQKHA 5.17x10°* 2.83x10™* 9.10 x10~°
KHA 4.25x107° 5.97x107° 8.24x10°°
OKHA 1.90x10™* 5.01x10™" 5.63x10°°

s IKHA 5.61 x10™° 7.25x10™* 4.56 x107’
CEQKHA 9.22x10°° 5.20x107* 6.79 x10°*
KHA 3.82x107 9.33x107° 7.17x107°
OKHA 2.44x107" 1.49x107° 2.82x10°°

fe IKHA 3.45x107" 7.61x107° 2.75x107°
CEQKHA 7.19x107° 5.17x107° 6.71 x10°°
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Tab.2 Comparison results for multimodal function

REL Ak il ¥iE FREZE toos
KHA 6.13x1077 2.55x107" 7.63x107* 8.73

~ OKHA  5.87x10™" 590x107° 2.68x107° 4.17
5 IKHA 4.27x107* 7.85x107° 2.19x107° 3.39
CEQKHA 4.43x107* 4.52x107° 6.02x10™* —
KHA 5.45x107 3.17x107" 6.53x107° 6.84
OKHA  7.18x10™ 3.10x107* 6.48 x107° 2.99

% TIKHA 3.55x1077 2.56x107> 8.28x107° 5.16
CEQKHA 7.91x10™* 4.23x10™° 4.57x107° —
KHA 6.14x107° 5.78x107* 2.80x107° 9.74
OKHA 1.52x107" 7.66 x10™° 4.25x10™* 2.62

5 IKHA 3.09x107" 7.15x107° 6.57 x107* 3.17
CEQKHA 3.73x10™° 1.35x107* 579x10™° —
AR TR T 7 R 43 ok B30 L T e O 3 A Wi 8k

S5 N BRI AT e 25 e LB B Bk
AL RE 145 80 T % 5, X R E I 4 R TR g ) iR
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Tab.3 Comparison results for high-dimension functions
EEL B LA ¥{H T 1 22
KHA 7.19x1077 4.55x107" 5.42x10""
OKHA 6.39x10™° 5.98x107° 7.85x107°
Fu IKHA 5.64x107° 3.09%x107% 6.16x10"°
CEQKHA 1.07 x10™* 9.81x107° 2.08 x10~°
KHA 9.27x107* 8.32x107" 5.57x10""
OKHA 5.43x107° 2.55x107* 4.79x10°°
Ju IKHA 6.38x107° 6.64x107° 5.86x107°
CEQKHA 1.78 x10™* 7.14x10™° 1.35x10°°
KHA 7.24x1077 6.30x107" 2.67 x10""
OKHA 3.80x107° 1.29x107% 8.15x107?
fa IKHA 5.22x107° 3.48x107° 9.41x10°°
CEQKHA 1.49x107° 6.37x107° 4.25x10"°

U R B 4 B0k F) 100 4k mE, 4 T LRR#E 4L
FEHKL, T B R AR 2 AR 155 IR A 3R
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Tab.4 Comparison results of cooperative evolution

PREL Ak ¥IE FRfE2 B ATRTIE/s
KHA 3.82x107° 8.97 x10? 1.15

Jis CEQKHA . 7.57x10™* 3.86x10°° 3.01
CEQKHA  3.16 x10™* 6.58 x10* 4.16
KHA 5.11x10™° 9.42x10°° 0. 94

fis CEQKHA . 506x10°* 5.23x10°° 3.17
CEQKHA  3.83x10"* 9.81x10* 4.29
KHA 5.13x107° 8.62x107? 1.89

fis CEQKHA  7.43x107™* 7.15%x10°° 3.12
CEQKHA  2.74x10™* 6.78 x10~* 4.28

M4 i fe g vl LUE 3], CEQKHA i F
K T Wb ) 2 Ak AE B 45 4 A E AR AL R Ot
HIF M MRBOR T CEQKHA,  Fl KHA, B 48
CEQKHA WA K F 0 5] i AL HEZR 25 4 (A i F
B b o 3| W L /N B A G R T A 3 Y P
EF KHA, s AR SCAR kB4 i fetEfig. A
F 4 W] LIFE B, P IR]2F A HE B 7E £ v T Sk
AV BE 1 TR R o AR R 38 i T B8k 1 AB AT IR R]
PRT M 338 FH 7 X B ] 22 SRS v 17 X604 2 SR 45 e 1Y
5.
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SCHR[13 ] 82 g r ek 73 & R R 4R
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AREUE T 2 B fg ~ s BRECR 5 HLUF R pREL

YR O 20, 5 SCHRL 13 ] R FH 9 53257 7 kA7 05
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Tab.5 Comparison results of position refresh

AL Bk ¥iE FRAfEZE BT /s
KHA 5.78 x10™* 9.23x10°’ 1.70
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CEQKHA  7.68 x10™* 4.47 x107° 2.58
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A Quantum Behaved Krill Herd Algorithm and Its Simulation Analysis

LIU Zhen, LIU Wenbiao, LU Huajie

(College of Coastal Defense Force, Naval Aviation University, Yantai 264001, China)

Abstract: Aiming at the low efficiency and easy trap into local optimum for the basic krill herd algorithm, a
new quantum behave krill herd algorithm was proposed. It was named as cooperative evolution quantum krill
herd algorithm ( CEQKHA) based on cooperative evolution and quantum computation. The population could
be divided into two parts, such as main population and sub-population, which could evolve independently and
exchange fine individuals. The position of krill herd could be updated by using quantum activity. The best po-
sition of krill herd could be set as the center of potential well of delta potential well, and the position of krill
herd in the different population could evolve in different way. The convergence of the algorithm was also de-
duced. Simulation on benchmark functions proved that CEQKHA could get better results and perform better
than other algorithms.

Key words: krill herd algorithm; cooperative evolution; quantum; multi-population; potential well



