=4 2R 58 A
Control Theory & Applications

Vol. 31 No. 11
Nov. 2014

I3 EFE 1L
2014 4E 11 H

DOI: 10.7641/CTA.2014.31114

H & . Tent VR R N\ TR 7L

EXFADT, RES, & B
(1 IREET R THEAURIE 5 TREE R, T35 R 210094; 2. MRS AHORIRILEB: M 515 B TR, Wik K90 4101515
3. KWHLT A WAL A TR, WIR Kb 410114)

WE: b TH%EE N T BEA i (artificial bee colony algorithm, ABC) 1B, 45 & TentyBI AL AL A, 2 H BE
Y. TentiRTH 4% 28 i\ T RF S0 250248 F TentVRVE LA BSGEE ABC LS PE g, Bk S FE N R B B LAR, 1 56 L Tent
WS B AR AL TN B, RPN R AT Be3 A o0 A, LIk B IE N BRI R 22 (6], FELLE S N IR R BN SR g =
A TentBVEF 51, T IRAS B AUAR. 83 X645 2% i 4 I 2 HE bR B0 SR IR, 17 L 45 SRR WA, SR AU R T Wk
SGHBE, 12m T R, 5 A ok N TR b, M Re A RAR, UHE A B A m g R S48

KHEIR: N TR, IRIEES; Tentild); BEN R, MR FRIEFRIE

HESES: TPIS SCERFRIRED: A

Artificial bee colony algorithm based on self-adaptive Tent chaos search

KUANG Fang-jun’2, XU Wei-hong"3, JIN Zhong'

(1. School of Computer Science and Engineering, Nanjing University of Science and Technology, Nanjing Jiangsu 210094, China;
2. Department of Electronic and Information Engineering, Hunan Vocational Institute of Safety & Technology,
Changsha Hunan 410151, China;

3. College of Computer and Communications Engineering, Changsha University of Science and Technology,

Changsha Hunan 410114, China)

Abstract: In order to improve the performance of artificial bee colony (ABC) algorithm, a novel ABC algorithm based
on self-adaptive Tent chaos search which is combined with Tent chaos algorithm is proposed. The algorithm uses Tent chaos
mapping to improve the convergence characteristics and prevent the ABC to get stuck on local solutions. In this algorithm,
Tent mapping is applied to diversify the initial individuals in the search space. Tent chaotic sequence based an optimal
location is produced, and the self-adaptive adjustment of chaos search scopes can obtain the global optima. Experiments on
six complex benchmark functions with high-dimension, simulation results further demonstrate that, the improved algorithm
not only accelerates the convergence rate and improves solution precision. Compared with other latest improved artificial
colony algorithm, it has a better overall performance, especially for complex high-dimensional functions optimization.
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1 5|= (Introduction)

N LR (artificial bee colony algorithm, ABC)
&20054F H Karaboga$i t i) —Fr R A AL S,
ERAERSHD . /TR 58 WS R
BRI R, DRI 2 1% 3 0T, A
Karaboga®s F ABCII Zx il 8 W 45131 | ZE2R 43 #1451 Hil
FRPRLTHARAL 1) R, Akay 5714 T 5030 N\ e
SR RSES A IR L, R AF B SR T T XU R 22 40
IR SRS, 5 AR Re UL S a AT PR A LR, W
FRYABCEA REFHIPERED

Wk H: 2013—10—25; FFHHM: 2014—08—22.
TIEAE1EE . E-mail: kfjztb@126.com; Tel.: +86 18073101198.

HUGEEABCH AR /s, RIEEAR
2, MR 2NN, B2 5 TRARSEILE
BRIE, 1R 2 2238 A VR o v . BEALPE SRR, ¥
TR S VR R 5N N T, 4. B gagiol
P T 2 T LogisticTR V8 R iUV, L3R
AR Z R R m ; BRAER T A&
V48 2% 2 [H) R TR L e A B, I F LogisticlRB i R
ST R AR = AR T A, DASE s BRI s
RS BE; Alatas!' 213 H VR N T 0 5022, A1) A VR e
R BIEN AR R ABCHIL RIS ; GaoZ!!!

AT H: ER AREHEIEEE B H (61373063, 61233011, 61125305); WIR5 4 B vH R BT H (2013FI4217); W4 8E /T @ BRI 5

(13C086).



118

EFEL: BiEN Tent/BHIHR KN THEEEHEE 1503

F I Logistic BRI 2 1) 27 5 77 -t ABCIRVE R
3; Liao%5 IR H B & M TR T A g e
7K K HL g 2R 4 1A B ) A Xu S UV R VRVE N T
REELATC N B BB BR AR AR 7] R4S (HIX
LB S R VRV R R 2 i T Logistic s, S
R Logisticilt J AN SI RS0, R, 4305 8 5
Tent Bt ELA 38 [ 245 R A BE PR A 3y, $2
T B IE N TentR ¥ 4 2 1 N\ T 88 B¥ 5 % (selfadap-
tive Tent chaos search artificial bee colony algorithm,
SATC-ABC). %55 N Tent B 5 W1 45 L FhEE, 1H47]
SRR T REM A S, JF B & R 1 2R 2 ],
B 5 LIS A A 148 R B B AL B 7= 2 Tent iR ol
HI. SERAT G REY, ZEEAN TRER T HER
R P P R I 22 AR, BESRTT ABCHIIE MWL Sioa
FE, $R = U0 LA 5 1Bk )R R B AR R e ), EU
SKIH E 5 F-UURS B 7 THI ELBUBT I ABC Uik LA W
B
2 ABCHL(ABC algorithm)
TEABCH I H i HE 53oh 5 4l (employed bee).
R B 1% (onlooked bee) A1l 214 (scout bee). Z& V5 1147
sl B R R AT AT R (D REN L™ 42, B
W UREE 5 S, BRI F B R B RS ATAT AR ) B &
BN B, B I N B B R R ) R AR R
HEST 5| SUE R R OB, IR R
X/(0) = Xy + Rx (Xj = Xpi), (D
FoHh: X7 (0)2 40 46 Ak i A 85 U5 1 5B 4 ) &
X X SRS 4RI B AR 5 RA(0, 1]
A FRIBEA L.
BT B A b e 5 (2) T
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Fi(t) = { TrRm RO 20,
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o F(¢) Aty 20 58 BUR & N A, f;(0) AR
ENVR AL SN SR AN
PR I e R 7 U PO I 2 1B P B R O P, Ay
Ei(t)
Pt)=-——. (3)
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He: oR[—1, Z ML k=1,2, -, N2Zbf
MUEREM FAx, BEk#6 L E&KKHi=1,2,--- | N,
j=1,2,--- D, N2EIRN5| 9 E &, DML
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(SATC-ABC algorithm)

3.1 TentiE¥HiF51(Tent chaos sequence)
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FEFI BRI T

BB BENLE EWE o GB faxo B N /D JE A
1(0.2,0.4,0.6,0.8)), ik Abr & Az, 2(1) =z, i =
j=1
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N7,

B3 EHBRBEIERRE, WP &S, &
M, #x(i) = {0,0.25,0.5,0, 75} 8z (i) = x(i — k),
k=1{0,1,2,3,4}, N m5H82.
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VP, BRI A IR 8 2R )Y R LUK, AR A R BT
PLEIR, T HI R LogisticBft, FHLHES Logistic
W 3 AN ST e, SRR S BRI, AR SO A Tent
BJLSR LG Logistic B S B A7 B P Ay i o5 T i AR B 4 Féy ks
Di s, 2 T B iE N Tent/B i # R N\ T #EE
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K FH TentVR Y 7= A2 43 A0 35 S IR R A, BRERE LR
BAIIEAANME I REN LI, X Rede m P BRI 2 FEE. 178
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AR, LASR SR SO S
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XJ  AENIREHE R E. LLES 1B R B AL
fi# R A = AR TentIRIH 51, K 81 b B LA AR
TR R, B R L.

KRB RIFHHIERX), = (T3, Tkp),
Ty € [XD, X7 ], TentiBHHER M LSBT

FE]1 ﬂﬂqzlgj =(Tk; *er;nn)/(erﬁax*Xinn)
WX B2 (0,1), Kk =1,--- ;n,j=1,---,D.

TE;2 K EXARNRI(6) Tent B I FATIER
FEARIAREFH 2 (m = 1,2, -, Ciaax)s Crax /&
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W= RV,

X} B Jnin m
Vj = iy + (maXQI) X (sz]: -1). @)

PB4 WEVMENEEE(V,), 5k
IENEEF (X, ) B, DR BE B Ur A

TS  AWRGEHEIREERIRE, #HiE
B, WTRFEARR AR, 5 W% ) P BR2.
3.3 B b 8% FE 5K M (Tournament selection strat-

egy)
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U5, AE AR A A A S B AR, (AR R
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G, ROAFREE P BN LE I g N AT LA, 3E
JFE R HIAMAAE N B A, AR S 530 R B e SR FH b
FOEPERME LR EIR, HEg = 2, XH&E N R IAMAE
gy, A M ES X R, BEEsRmEL
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Hor e, hFAMAMEIIE 5.
34 BEMNTentiBME R\ A TEHELERRE
(Main steps of SATC-ABC)
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X, DA EARRE %S
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H$E11 FEfiter = iter + 1, AW RTILEE
RIEAIRET S KNG L BEK, i 2, W)
UL, R ERA.

4 PiESER 548591 (Experiment of simu-
lation and the analysis of results)

4.1 FEHEMRA KB (The benchmark functions)
7% 3 3% L6/ BenchmarkJ: v B B0n 32T -

DI, X L8 o0 B BA A FRRE, 7T 782 B B BRI
FALEEJ7, Wik 1 Fron. HA: Spherese: HLUE R 3L, 3
IR 0 U0 RE B AN S0 B 5 Rosenbrock /2 JF
f RS RIS R A, R AR ME, EEMREER
W S35 B AT AT 20K ; Rastrigin, Griewank, Ackley#ll
Schwefel2.26/2 B I HAF LM 2 W 3, HIF L )R E
WRAE A, EZENAEE R4 R RS | Bk R Ek
B8 S L R SR

&1 OAARA R X F 2K

Table 1 Six benchmark functions

e i KHETE LRR/ME 533
Sphere f(X) = i x?, x; € [—100,100] z; =0, f(X)=0 FLgE
i=1
Rosenbrock f(X) = Dil (100(zi41 — 22)% + (z; — 1)?), ; € [-30, 30] zi=1,f(X)=0 A
i=1
Rastrigin  f(X) = f: (100(x? — 10 cos(2nx;) 4 10)), z; € [-5.12,5.12] z; =0, f(X)=0 EA LS
i=1
. _ 1 D 2 D Ty ) L _
Griewank  f(X) = 2000 7:;1 xi — il;[l cos 7 + 1, z; € [—600, 600] z; =0, f(X)=0 A
1 D 9 D
Ackley F(X) = —20exp(-0.2 - i§1 x5 ) — exp( > cos(2mz;)+ 2i=0, f(X)=0 L

20 +e), z; €[—32,32]
Schwefel

fX)=- fﬁ (z; sin /]z;]), z; € [~500, 500]
=1

x; =420.9687, f(X)=—418.9829D £k

4.2 SATC-ABCH ¥: 1 1 88 4 #r(Performance
analysis of SATC-ABC)

hy 17 B A SC SRV T BRI A R, 43 i R A 2
A ABC, CABC(# T-Logisticii il Wit 5} f{JABC)F
SATC-ABCHIEBHT FMMAR AL LR+, fra ik
() b B R0 A5E 2R 100; 28 YR AN 204 50; W Bk 24y
TVEXSOLEFN100HE I, 5 KL ALK 53 71 EL3000F1
5000; Limit= 100; Xihax M1 X7 . 22514 B HUHIA 1)
B4 AT 5. ABCHICABCH = 1 ER B
U6 SR P EU 191 1B B SR S e B UK, SATC-ABCHLE
PR i e D) SR FH i b 6 3B 36 O WS 3G B U X T
CABCHISATC-ABC H %, iR R IX M Cmax =
30. HIEAEMATLABT.10°F & S2ER, 8 i x4 44N
KR BUSAT 30K T HE N e BEME . 3
B RNBRE T 25 K5 SRR PR e, SO4E P43 MY
FoE B A 34 it 2 il 2 G B 1 — 6T 7. S04 FI1004E
FIIIRRSS SR LB 2 R,

HR2FE 1 —6 R F H, BT Hx KR4 R4
REIR B SARRE T, VI TR L LA B M)
2R RAET). XTI % Sphere, SATC-ABCH]
AR FI SR B B i, RetB REal . AR R R
B4 /s /ME. KT T HE M 96 2 50 K $Rosen-

brock &, HT7EHHUE G Bl A EHTH, 2k
Bl R HPLAIR D, HSATC-ABCHIEMKAR
LT HABPI RN EE, BB . X 2 06 R 45
Rastrigin, Griewank 1 Ackley, SATC-ABCH] 3K fi# ¥
JEE FST SSCEE BE 3 v T A SR, 3 BRI A SATC-
ABCXR H B & N Tent/R VL1 R, G63) & IR
2 2 1A, BE IR UE R0 ORE 2 RE M, 32 m S O0RE R A
WSO B, XAF R o] Ge Bk R i i A, T 2 1 bR
$Schwefel T EUE Y8 4 [500, 500], % bR 4 1) B AR
H A7 T 48 2R 2% [a] 14 St 3k, B 4 B0 S508T, B 4K
7E £5(420.9687, - - -, 420.9687) kb B 15 B 18 B AR (E
—20949.145, TMSATC-ABCH. ¥2: 1) 7 = W B4 F
ABCH %, 330 L H A —20949.144, B
SATC-ABCHIEN T B AR, T4 2R % [ 1A 4 i
R IR1G HAAUAE. 1A SATC-ABCHEIEAN L
SOE FERAR, T B4 R R e BOR, R SUE
NSRS B 5 TH LE AR PR LA B B4 .

it — 35 WIFSATC-ABCE VE A 3tk 5 &
1T Btk S TABCH, HABCHYT LRABCPPY P A%
ABCHIEFICABCH IEXT F ik i #3044t 4T 4L
TR, B 5 S HLimit, MLimit=0.1 « SN % D
Limit = SN x D2 [ Jx Z MXSATC-ABCH LK
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31 %

P B8, & B HLimit = (SN * D)/2 i, SATC-ABC
LRI REEEAR IR A, DRIk, ZEASEI T, B BE
FRERUBE N SN = 100, Limit = (SN * D)/2, &K
ERIRELG max = (D * 10000)/SN; ABC, CABCHI
SATC-ABCHLZ H B B e SR FH 4 45 2% SR W 1 5

20 T T T

T T
& SATC-ABC
108 -~ CABC 7
N % ABC

AL A A

2000 2500 3000

0 500 1000 1500
ISR

Bl 1 Sphere EEBENIAFIITFE(504E)

Fig. 1 The progress curve of Sphere function

(50 dimensions)

T T
-2- SATC-ABC
o0 -o- CABC 4
2
= 4
E
19 4
Q
L |
_40 1 1 1 1 1
500 1000 1500 2000 2500 3000
IAREL
B 3 Rastrigin E$zhASFITRE(504E)
Fig. 3 The progress curve of Rosenbrock function
(50 dimensions)
10 T T T T T
) —-4— SATC-ABC

o0 0 -o- CABC E
2

w10 1
E

ot/ i
%ﬁg 20

" -30 b

0 500 1000 1500 2000 2500 3000
IBARRE
Bl 5 Ackley MBI ML (504E)
Fig. 5 The progress curve of Ackley function

(50 dimensions)

W X T80 SR R W EE, R R IR
HCax = 30. WIS MIXRBEZIT30IR, 243K
RS IR B0 28R e 45 SR N0, B HHE N
B (mean) FIARUETT 22 (std) BA R S0 (K S E3038 4T I
] (avgtime) WK 3 FT7R.

30 T T T T T
-4— SATC-ABC
o 20%
2
w10 :
>
2 ) .
by
" -10 b
720 1 1 1 1 1
0 500 1000 1500 2000 2500 3000
K 2 Rosenbrock REFNAFMITFE(S04E)
Fig. 2 The progress curve of Rosenbrock function
(50 dimensions)
10‘ T T T T T
A -4 SATC-ABC
&n 0 i
=)
< -10
1
B 20 .
putl
® -30 i
B
40 -
,50 1 1 1 1 1
0 500 1000 1500 2000 2500 3000
AR IRE
&l 4 Griewank BRHEhAF ISR (S04E)
Fig. 4 The progress curve of Griewank function
(50 dimensions)
4
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i 4
2l
1) i
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1 1
2000 2500 3000

1 1 1
0 500 1000 1500
EAN/ 1
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Fig. 6 The progress curve of Schwefel function

(50 dimensions)
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MZEITT LLF H, XF T ki #Sphere flRastrigin,
IABC, HABC, LRABCHISATC-ABCHEIEH AR T
BARE; 5T B#i%Griewank, IABC, HABCHILRABC
HE BRI E R T Z AL T SATC-ABCH L,
%o T HoAth 2R %k, SATC-ABCEL 1= (1) 3 1 R A% Y 77
Z BT HAD L, R0 2 X T R £ Schwefel,
SATC-ABCHEIEMNUIRS T L HANAE, T HARUE
7 Z WAL, X FPISATC-ABCE LA K i HA
IR E RN S R

T4, BRLRABCHIEX] B # Griewank FIHAT I

[F] 4 /] T SATC-ABC #.7%:4b, SATC-ABC 5 % Y
AT I TR]AE X 1T 5 R L, 32 2 R R 2 SATC-
ABCHIET | N TentB S 28 ISR R H AT
2|, RUKs Tent/ NG 43 1 — i I BOHAT LR/ 5 4275,
‘BREFR MR TR Rr M, Bl BE BB A oAb
HAHEREIE IR E.

2E 143 #T, SATC-ABCAY BB Kk i 4 R 18
RS, T B EA BRI R T RE ), Rl SoH
FERIRARKE B L3 B B 3R &, FFREE 4508,
W RECRRFEL A R B .

F2 AR R

Table 2 Optimization results comparison of benchmark functions

R¥ 4% B

B

BEME

E

VIR

2.30472E-015
1.86614E—015
1.17095E—-017
9.42898E—-015
6.50622E—-016
2.89175E—-017

1.59341E—-015
1.50491E—-015
9.73869E—018
5.23869E—015
4.82773E—-016
2.54345E—-017

2.43195E-016
2.09925E—-016
7.48267E—019
1.45330E-015
7.81467E—-017
1.87021E—-018

2.44179E+000
7.16931E—001
2.71035E—-004
2.18751E+000
4.31986E+-000
1.65020E—002

4.98511E—-001
1.69646E—001
6.53865E—005
6.09265E—001
8.49603E—001
3.08147E—003

5.92527E—-001
2.00503E—-001
5.71185E—-005
5.25902E—-001
1.01245E4-000
3.53669E—003

9.48717E-011
2.27374E— 013
4.04480E—015
9.65354E—004
4.48139E—-010
9.95129E-011

7.40859E—-012
7.57912E-014
1.89802E—016
3.78494E—005
1.62183E—-011
3.39372E—-014

2.04839E—-011
4.56052E—-014
7.44311E—016
1.75991E—004
8.16551E—-010
1.81566E—011

8.53762E-014
5.55112E—-016
6.96476E—-016
1.70675E—012
4.62963E—-014
6.13398E—016

1.19978E—-014
1.25825E—016
3.15714E-017
1.71522E—-013
2.76446E—015
5.90565E—017

2.07400E—-014
1.22778E—-016
1.29540E—-016
3.67265E—013
8.24211E-015
1.19541E—-016

1.94881E—-010
1.24105E—-011
1.59135E—-014
8.05324E—-008
6.13972E—-009
8.01208E—012

7.55055E—-011
7.04130E—-012
1.00407E—014
3.38329E—-008
3.56879E—-009
3.93873E—-012

3.34588E—011
2.66576E—012
2.82226E—015
1.35035E—-008
1.13386E—009
1.40618E—012

ABC 1.16921E—015
50 CABC 9.68606E—016
SATC-ABC 7.64861E—018
Sphere
ABC 3.13080E—015
100 CABC 3.17306E—016
SATC-ABC 2.08129E—018
ABC 3.48953E—-002
50 CABC 4.83917E—003
SATC-ABC 1.06604E—005
Rosenbrock
ABC 6.84431E—002
100 CABC 2.47457E—002
SATC-ABC 7.00425E—004
ABC 1.13687E— 013
50 CABC 0
. SATC-ABC 0
Rastrigin
ABC 1.13687E—012
100 CABC 1.47793E—-012
SATC-ABC 4.54747E—015
ABC 9.99201E— 016
50 CABC 0
. SATC-ABC 0
Griewank
ABC 3.21965E—015
100 CABC 1.11022E—-016
SATC-ABC 2.77556E—019
ABC 3.00249E—-011
50 CABC 2.29594E—-012
SATC-ABC 4.83258E—015
Ackley
ABC 1.47565E—008
100 CABC 1.73741E—009
SATC-ABC 1.52748E—012
ABC —2.02027E+004
50 CABC —2.09491E+004
SATC-ABC —2.09491E-+004
Schwefel
ABC —4.15385E+004
100 CABC —4.18983E+004
SATC-ABC —4.18983E-+004

—2.07123E+-004
—2.09491E+004
—2.09487E-+004
—4.09245E+4-004
—4.15427E+004
—4.16606E+-004

—2.08738E4-004
—2.09491E+004
—2.09491E+004
—4.12141E+4-004
—4.17359E+004
—4.18912E+004

7.28559E+-001
1.88551E—-007
9.90947E—008
1.52428E+002
7.71880E+001
7.89936E—001
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Table 3 Optimization results comparison of 30 dimensions benchmark functions

; Hik
A%
ABC CABC TIABC HABC LRABC SATC-ABC
Mean 4.76561E—016 4.74064E—016 0 0 0 0
Sphere Std  8.35788E—017 6.41359E—017 0 0 0 0
Avgtime/s 19.3311 23.4615 23.9839 23.8946 20.3872 18.7634

Mean 2.80954E—002 4.91687E—001 1.56479E+002 2.81635E4+001 1.36418E—001 1.54578E—002
Rosenbrock  Std  5.04724E—002 7.66717E—001  8.19357E4+001 5.44279E—001 8.35317E—002 1.28435 E—002

Avgtime/s  23.6253 24.1755 24.0182 26.2538 23.1843 19.0072
Mean 0 0 0 0 0 0
Rastrigin Std 0 0 0 0 0 0
Avgtime/s ~ 25.5212 22.6794 24.2919 26.8853 20.5127 19.0087
Mean 6.29126E—017 4.44089E—017 0 0 0 5.18104E—019
Griewank  Std  9.07274E—017 5.53194E—017 0 0 0 5.63345E—019
Avgtime/s  32.3926 29.4093 30.0128 29.7429 26.8934 28.3381

Mean 3.32179E—014 3.33363E—014 3.87532E—014 8.45531E—016 9.64575E—015 2.93099E—-016
Ackley Std  3.00156E—015 3.45752E—015 2.53489E—-015 5.53722E—017 8.32527E—016 4.20708E—017
Avgtime/s  30.8024 24.4604 27.7914 26.9675 23.8491 22.3862

Mean —1.25695E+004 —1.25695E+004 —1.25695E4004 —1.25695E+004 —1.25695E+-004 —1.25695E--004
Schwefel Std  2.74412E—-012 2.18905E—012  3.95626E—012  3.64387E—011 1.96538E—011 6.94721E—016

Avgtime/s 28.9028 23.7075 26.9823 22.7092 26.6732 22.6274
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