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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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Sphere f(X) = fj x?, z; € [~100, 100] 2; =0, f(X)=0 FAIE
=1
Rosenbrock f(X) = Dil (100(z541 — 22)2 + (x; — 1)?), 2; € [-30, 30] ;=1 f(X)=0 HAg
i=1
Rastrigin  f(X) = XD: 100(z? — 10 cos(2ma;) + 10)), z; € [—5.12,5.12) z; =0, f(X)=0 B4
1=1
Griewank  f(X) = ﬁ éjl P ﬁl cos(%) +1, z; € [-600,600] z;=0, f(X)=0 L&
X)=-20 021D2 L cos(2m;

Ackley f( ) - = exp(— . E i;l wz) - exp(ﬁ i:lCOb( nwl)+ CL‘Z':O, f(X):O zm%
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JEE FSC SSCE BE 3% v T A ARV, 3 BRI A SATC-
ABCRH B & N TentB 7l 48 R, it 3 2 7 IR il
% 25 W), BE AR E PP BE 2 R 0E, 38 & S LR A
WS TE B, XAF R AT ek H R A, 1 2 06 B
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B AL T 98 2R 2% R 3 5 P Ik, B 4 £502 S0, R 4K
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FNSHOURE B 5 T L AR A AT W B3R

i — B K IFSATC-ABCHE LA 2, 58
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Fig. 1 The progress curve of Sphere Function
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Z= W EAR T H A E, R 0 & X T 2R #Schwefel,
SATC-ABCHIEAMIRAT T B A, T HArdE
7 Z WA, X FPHSATC-ABCE LB Ak it B
B IR E R B

Fi4b, BRLRABCHIEXS B # Griewank FRIHAT B

/8] 1§ /N FSATC-ABCH 7% #F, SATC-ABCH. ¥ 1
AT I 1B AE T S F R A, 32 2 R A& SATC-
ABCHIEG I A Tent W 218 i NS FIFE AL AL 15
2, BIKs Tent/ NG 43 1 — 3 RIBOHAT RS 275,
‘B RE 7 S MR TR HLR R, B EE PR Ak

BB EFEIRFIIRIEH.

25 E M7, SATC-ABCANMY ELH B9 i) 4 /) 18
RAE 77, 1 H A BRI R G-t ae ., fEIRSGHE
FEFISRARRE FE L3975 B B0 &, HREE4E 58,
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Table 2 Optimization results comparison of benchmark functions

B

i G A7 S

RIUE

mEH

¥E

s 22

Sphere

ABC

50 CABC

SATC-ABC

ABC

100 CABC

SATC-ABC

1.16921E—015
9.68606E—016
7.64861E—018
3.13080E—015
3.17306E—-016
2.08129E—018

2.30472E—015
1.86614E—-015
1.1709SE—-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

Rosenbrock

ABC

50 CABC

SATC-ABC

ABC

100 CABC

SATC-ABC

3.48953E—-002
4.83917E—-003
1.06604E—005
6.84431E—002
2.47457E-002
7.00425E—004

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
1.01245E+-000
3.53669E—003

Rastrigin

ABC

50 CABC

SATC-ABC

ABC

100 CABC

SATC-ABC

1.13687E— 013
0
0
1.13687E—012
1.47793E—-012
4.54747E-015

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

Griewank

ABC

50 CABC

SATC-ABC

ABC

100 CABC

SATC-ABC

9.99201E— 016
0
0
3.21965E—-015
1.11022E—-016
2.77556E—019

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

Ackley

ABC

50 CABC

SATC-ABC

ABC

100 CABC

SATC-ABC

3.00249E—-011
2.29594E—-012
4.83258E—015
1.47565E—008
1.73741E—009
1.52748E—-012

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

Schwefel

ABC

50 CABC

SATC-ABC

ABC

100 CABC

—2.02027E4-004 —2.07123E4-004 —2.08738E+004 7.28559E+001
—2.09491E+004 —2.09491E+004 —2.09491E+004 1.88551E—007
—2.09491E+004 —2.09487E+004 —2.09491E+004 9.90947E—008
—4.15385E4+004 —4.09245E+004 —4.12141E+004 1.52428E4-002
—4.18983E+004 —4.15427E+004 —4.17359E+004 7.71880E+001
SATC-ABC —4.18983E+004 —4.16606E+004 —4.18912E+004 7.89936E—001
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Table 3 Optimization results comparison of 30 dimensions benchmark functions
_— Hik
ABC CABC IABC 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+4-002 2.81635E+001 1.36418E—001 1.54578E—002
Rosenbrock  Std 5.04724E—002 7.66717E—001 8.19357E+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+4-004 —1.25695E4-004 —1.25695E+4-004 —1.25695E+4-004 —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
5 4535 (Conclusions) S &k (References):

BT X ABCE 4 M, 45 A TentiB VAL L EAR AN
B IE N RS R S0, 381 T —Fh B 3E N Tent/Rik
RN TR (SATC-ABC). ZHE T ES
WA 1) 5 N\ TentiBiH 7 IV G LTI EE, 1275
FREEZAEME; 2) BIN BiE N TentVRVEBLST ZEIEAR H
AR JR R B AR AT 3 R, A AN BB HE R
B A, P PR 22 R TN R 3 1, 3 BE iR
BRSO B, a3 S B UAE; 3) PRIE IR FH 4
PRIEIE PRI IR R BT, 78— E R Rk Bk R
RS A AT FIE %0, 4) SATC-ABCX
G PN R BB SRR N AR 2t pR Bt B
R SRS BN SRR iR SO R B i i Ae e
PEREHEE, BRI BRI 2 RiGRE

TE X 7NN B R B U0, SEIe 45 R R
B, ZEVETE R FEFE 2 FE M R R B, 8 f T 5L 24
s, X T e SARME A RIES RS, BA BRI
(4R R R TR BE, BEVEAX AR e, &
Bt N — 3 TAEH B SATC-ABCH LN H
B SR AR A S AL v BB AR F, FE456 HiAth
BRI BRSNS, SR R R I A R IR .
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