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Gravitational search algorithm based on improved Tent chaos

ZHANG Na', ZHAO Ze-dan', BAO Xiao-an'T, QIAN Jun—yanQ, WU Biao*

(1. School of Informatics and Electronics, Zhejiang Sci-Tech University, Hangzhou 310018, China; 2. Guangxi Key
Laboratory of Trusted Software, Guilin University of Electronic Technology, Guilin 541004, China)

Abstract: The gravitational search algorithm (GSA) has the characteristics of faster convergence speed and stronger
exploitation performance than the traditional optimization algorithm, but the GSA is vulnerable to premature convergence
and local optimum, and its search ability is weak. Therefore, this paper proposes the gravitational search algorithm based
on improved Tent chaos (ITC-GSA). Firstly, the Tent chaotic map is improved to initialize the population. Using the
characteristics of randomness, ergodicity and regularity of Tent chaotic sequence, the initial population randomness and
ergodicity are within the feasible domain, and the global search ability of the algorithm is enhanced. Then, the dynamic
adjustment strategy of the gravity constant G is introduced to improve the convergence speed and convergence accuracy
of the algorithm. Moreover, maturity indicators are designed to determine the maturity of the population, and Tent chaos
search is used to effectively suppress the premature convergence of the algorithm for helping the population jump out of the
local optimum. Finally, through simulations of 10 benchmark functions, experiments show that the proposed algorithm
can effectively overcome the shortcomings of the GSA’s vulnerability to premature convergence and local optimization,
and improve the algorithm’s convergence speed and optimization accuracy.

Keywords: Tent chaos; gravitational search algorithm; maturity; gravitational constant
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B, AC NHREE, foest NEBAAR, fun(x) A x 1 & H,
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1) initialize related parameters

2) randomly generate vector Z¢(0) in D-
dimensional space

3) generate N non-equal chaotic sequences Z(t)
according to Eq.(3)

4) get initialized individual X; according to Eq.(6)

5) gvest = X; and fresy = fun(X;) // the optimal
particle

6) while t < T and fun(z) > AC do

7) calculate the fitness fit; (¢)

8) updated G'(t), M;(t), best(t),
according to Eq.(18), Eq.(10) ~ Eq.(12)

9) calculate the F2(t), ad(t) and vi(t)

?

worst(t)
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10) update the position of particle according to
Eq.(16)

11) calculate the S

12)if 0.9 < S < 1 then

13) use the Tent chaos search

18) return gpest
5 iRESR52
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[7i) 288 7R 10y ik 8 00 15 B B2 AT 7 LS. A0SR 1 s,
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17) end while BRI B L AEL 9 0, PR b A0 4K b 25 e A Ak b 46
IEITC-GSA Bk AL RE Sy,
F1 EENRRH
Byt BEAEN X e KL RN R
F(X) = ixz [—100, 100]" 0
o Fy(X) = Z l:] + [[ | [-10,10]" 0
$[I]% 17171 s i=1
RB(X) =3 (Zax) [—100, 100]™ 0
Fu(X) = "i)[wO(ml — )" + (2 — 1)°] [-30,30]" 0
Fy(X) = i:[:cf — 10 cos(27mz;) + 10] [-5.12, 5.12]" 0
Fg(X) = —20 exp ( —o02 |t zn:af — exp (i icos@nzi))) +20+e [-32,32]" 0
n i=1 n i=1
%é& 1 n ) n s .
Lk F(X) = 1500 ;w - ECOS (\/i) +1 [—600, 600] 0
Fe(X) = 0.1{ sin? (37z;) + i(m — 1)%[1 + sin® (3ma; + 1))+
= n [—50, 50" 0
(2, — 1)2[1 + sin2(27't:r:n)]} +> (e, 5,100, 4)
Fo(X) = (— 3 ! - 65.53, 65.53]? 1
‘ o( )—(%-FZQ—) [—65.53, 65.53)
4 =i+ Z (zi — aiy)°
R i=1
Fio(X) = 427 — 2.1z} + %w? + zi25 — 43 + 42 [-5,5]* —1.0316

5.2 EAMEEXTEE T

£ Intel®Core™ i5-3337U CPU@1.80 GHz, N 7
8.00 G, Windows 7 £ 4i fll Matlab 2015b X} AT 2 532
HEAT 5 B 5L 5, 7+ 5 GSA A1 BPSOGSA #i£P0 4T
XF .

SZEG P UM BRI N = 50, B RIERIRBT =
1000, 51 71HE Gy = 100, FIEF o = 20, 5T
R FESE D = 30, %) TR LE R B0 Fo FI1 Fyo K46 S
D 5350 2 F1 4. i G AR AR P 7 AR R BE iR 22, 3 b
X bE BEE0T 10 A J2 v 0 4K R 25090 ) A S7IE AT 50 UK.
PR A% SR T B E (mean) RTBRAEZE (std), 45 R U1
2.

HH 2 2 W] %0, 56 T i 4E 5 06 BR 3 Fy AN E, TTC-

GSA o1t 2 1E TFRIE b 2 TR B AL GSA AN
BPSOGSA 13 i KM 7, H 2 IR S0 (17 (8 A b
1 22 AR 2 AN SR ITC-GSA ST B4 Py 34
45 P35 M8 (mean) A AT GSATRFH T 17 1M &
2, F T BPSOGSA $2 7+ 12 /™ Ui ¢, [A) B i Sk
J tH#B Lk GSA AT BPSOGSA . {H 2%t T F3 fl Fy,
T8 BPSOGSA if /& ITC-GSA # AR REA P Th. *t
T 1 4 % W B8 B F A Fg, ITC-GSA AR T GSA 42 T
T 6N HUE %, AT BPSOGSA T 1 4 N EUE 2%
[FREXT T Fs A Fy, VERESR THER AN W] 5. o6f TR 4k ek 2
Fy 1 Fy, ITC-GSA A% T- GSA 1 BPSOGSA 7E T4
KR B — e R 4RIt



ROWE D AT RSN Tent AT A5 38 F H &k 899

*2 BEERSMERMHL

S ICIE QI (57 7 GSA BPSOGSA  ITC-GSA
F mean 1.63e-17 2.46e-22 1.23e-34
' ostd 116e-18 127e23 1.0le-34
R mean  2.62e-08 5.23e-10 3.55e-19
2 std 1.26e-08 4.24e-11 1.16e-21
e 24 B0
F mean  2.30e+02 5.51e+02 3.08e+02
8 std 5.13e+02 4.05e+02 2.13e+01
P mean 2.61e+01 2.46e+01 2.77e+01
4 std 2.86e+01 5.35e+01 5.26e+01
F mean  1.09e+01 8.58e+02 9.95e+00
®std 332401 6.83e+02  1.15e+01
£ mean 3.82e-09 2.62e-11 4.00e-17
6 std 1.27e-10 1.57e-25 2.58e-20
[SEiEq
P mean  3.34e+00 6.26e+00 1.72e+00
T std 2.65e+01  7.33e+01  1.07e+01
P mean 1.89¢-18 3.79e-20 4.05e-33
8 std 1.02e-19 6.26e-21 1.07e-35
R mean  3.06e+00 2.03e+00 9.98e-01
9 std 5.15e+01 4.27e+01 1.27e+00
4k R %5
F mean —1.03e+00 —1.03e+00 —1.03e+00
10

std 4.56e-16 1.49¢-07 2.38e-16

P T T A B, 1EA BV 2 78 GSA BPSOGSA.,
ITC-GSA (1) Tt 3 T2, A% 33 X 3 AN 51555 bR 45
Fi\ Fo. Fg Fso Fo R A2 i 26, an il 7 ~ B 11
Fias. 5T ERHFy . Fy .\ Fs, ITC-GSA it fe A $IGE
FE I AE NG FE #8248 T GSA 1 BPSOGSA,
L% AR RT3 A0 8 2% 1 A R0 I AR R U A 0
# AT GSA FIBPSOGSA, 7E FRIIE T #1 BE 71 1) 1] e 5
FOTRIEAE B BR J), AN R Z R RN AR E 1. BARTER
WA T RS ES E2HT 5N T Tent R
T 2R R R BE 65 A R H R R R, AT
T ARG B 6T R, R F, B H R R SR A 1
G LA B B, TR AR I 8 22 YRk R S B A,
PRI ITC-GSA B A RIFIIH R EE T, X R4 F,
ITC-GSA [ Wi SIGH 2 A1 3-8 K 2 1R £ AL T GSA Ail
BPSOGSA. {H 2, %f TR 4k bR 2 Fy, W A e 7= A B 2
IR
500
400 |

300 |
200 |

100 |
0

average best-so-far

0 2 4 6 8 10
iteration/ 10’

7 GSA.BPSOGSA. ITC-GSA %} I, ISt iEshzk

1020

average best-so-far

iteration/ 10’
8 GSA.BPSOGSA., ITC-GSA 3t I, BIS it 122k
10°

10° F
10°
10*10_

10 °f

average best-so-far

=20 n n 1 i
107, 2 4 6 8 10
iteration/ 10°
9 GSA.BPSOGSA. ITC-GSA %} Fs B9 St i 2 mhszk

1010

10"
10 10
10’20 L

10’30 L

average best-so-far

10"

iteration/ 10°

10 GSA.BPSOGSA, ITC-GSA %t Fy B9 St it f2ah sk

10°
........ GSA
---- BPSOGSA
R — ITC-GSA
107

average best-so-far

iteration/ 10’

E 11 GSA.BPSOGSA. ITC-GSA X} Fy B9 S it 72 2%

25 B TIR, ITC-GSA HARXT BR Y F3 Fy\ F5. Fr
f) S 1 RE 5 GSA AT BPSOGSA AN B 5, H %] - R %
Fi\ Fy\ Fs\ Fy Fo, FALYERE R st 2 0= 40, I
S Tt W] B 4F T GSA A BPSOGSA, iX 76 7 Ui B 1
ITC-GSA WAl A7 PR A B
6 & @

AT HE I ITC-GSA FVEAE M BRI 4G LI 5T
TRV B, K Tent VRV CRAE T #1046 40 F 11 36 [T
PEL S5 RBE AL, IO B & B 5] 778 ZOR Tent
TR R, A R T BRI SIOE B, e TSR
R BE, L2000 B N = 30 s A0 B BB A% A 280k )R 6



900 # % 5

*OR %35%

A, B TR L e, 8 I B R b SR A 56
UIE 7 A SO B A R A B % B GSA AT
BPSOGSA HA 1R KA 4, 78 Wit S50k FE A0 -0 kG B2
R B P e, A P R 9 2R RE AN T PR
AE. ITC-GSA I B A T B AE VT AR B B, J5 R
P2 T S TR Y, W TSP [, NP ) i, 3%
A DA 8] A 2 A5 A 2 2 1 R 122 S5 4,
¥R ITC-GSA LI B H 17 5.

SE 3 #f (References)

[1] Rashedi E, Nezamabadi-Pour H, Saryazdi S. GSA: A
gravitational search algorithm[J]. Information Sciences,
2009, 179(13): 2232-2248.

[2] Beigvand S D, Abdi H, Scala M L. Combined heat and
power economic dispatch problem using gravitational
search algorithm[J]. Electric Power Systems Research,
2016, 133: 160-172.

[3] Chen Z, Yuan X, Tian H, et al. Improved gravitational
search algorithm for parameter identification of water
turbine regulation system[J]. Energy Conversion &
Management, 2014, 78(30): 306-315.

[4] Shen D, Jiang T, Chen W, et al. Improved
chaotic gravitational search algorithms for global
optimization[C]. IEEE Congress on Evolutionary
Computation(CEC). Sendai: IEEE, 2015: 1220-1226.

[5] Li C, Zhou J, Xiao J, et al. Parameters identification
of chaotic system by chaotic gravitational search
algorithm[J]. Chaos Solitons & Fractals, 2012, 45(4):
539-547.

[6] Han X H, Xiong X, Fu D. A new method for
image segmentation based on BP neural network and
gravitational search algorithm enhanced by cat chaotic
mapping[J]. Applied Intelligence, 2015, 43(4): 855-873.

[7] Gao S, Vairappan C, Wang Y, et al. Gravitational
search algorithm combined with chaos for unconstrained
numerical optimization[J]. Applied Mathematics &
Computation, 2014, 231(11): 48-62.

[8] Liu L, Sun S Z, Yu H, et al. A modified Fuzzy
C-Means (FCM) Clustering algorithm and its application
on carbonate fluid identification[J]. Journal of Applied
Geophysics, 2016, 129: 28-35.

91 EJ5HE, HRES, 65, BiE RN Tent TR R A T
RERLVE (], #2038 5, 2014, 31(11): 1502-1509.
(Kuang FJ, Xu W H, Jin Z. Artificial bee colony algorithm
based on self-adaptive Tent chaos serch[J]. Control
Theory & Applications, 2014, 31(11): 1502-1509.)

[10] SR, 9y, 2%, 4. JE T Tent WL VR MR AL 5L
200, 5 U3k, 2005, 20(2): 179-182.

(Shan L, Qiang H, Li J, et al. Chaotic optimization
algorithm based on Tent map[J]. Control and Decision,
2005, 20(2): 179-182.)

[11] Zibanezhad B, Zamanifar K, Sadjady R S, et al.
Applying gravitational search algorithm in the QoS-based
Web service selection problem[J]. Journal of Zhejiang
University: Science, 2011, 12(9): 730-742.

[12] Khajehzadeh M, Taha M R, El-Shafie A, et al. A

modified gravitational search algorithm for slope stability
analysis[J]. Engineering Applications of Artificial
Intelligence, 2012, 25(8): 1589-1597.

[13] Moghadam M S, Nezamabadi-Pour H, Farsangi M M.
A quantum behaved gravitational search algorithm[J].
Intelligent Information Management, 2012, 4(6):
390-395.

[14] SahuRK,Panda$S, Padhan S. A novel hybrid gravitational
search and pattern search algorithm for load frequency
control of nonlinear power system[J]. Applied Soft
Computing, 2015, 29: 310-327.

[15] Jiang S, Ji Z, Shen Y. A novel hybrid particle swarm
optimization and gravitational search algorithm for
solving economic emission load dispatch problems with
various practical constraints[J]. International Journal
of Electrical Power & Energy Systems, 2014, 55(2):
628-644.

[16] Mirjalili S, Lewis A. Adaptive gbest-guided gravitational
search algorithm[J]. Neural Computing & Applications,
2014, 25(7/8): 1569-1584.

(171 FRERE, 38k, BOEI, 55 261 5] Jp 3R B A 7E
SPR S D). B AR, 2017, 43(4): 576-594.
(Xiao H H, Wan C X, Duan Y M, et al. Flower pollination
algorithm based on gravity search mechanism[J]. Acta
Automatica Sinica, 2017, 43(4): 576-594.)

[18] Mirjalili S, Wang G G, Coelho L D S. Binary
optimization using hybrid particle swarm optimization
and gravitational search algorithm[J]. Neural Computing
& Applications, 2014, 25(6): 1423-1435.

[19] Giiveng U, Katrcolu F. Escape velocity: A new operator
for gravitational search algorithm[J]. Neural Computing
& Applications, 2017(13): 1-16.

[20] Biswas S, Kundu S, Das S. Inducing niching behavior
in differential evolution through local information
sharing[J]. IEEE Transactions on
Computation, 2015, 19(2): 246-263.

[21] Bao X A, Yang Y J, Zhang N, et al. Test case generation
method based on adaptive particle swarm optimization[J].
Computer Science, 2017, 44(6): 177-181.

[22] Zhang N, Yao L, Bao X A, et al. Multi-objective
optimization based on-line adjustment strategy of test

Evolutionary

case prioritization[J]. Journal of Software, 2015, 26(10):
2451-2464.

fEEEN

TR (1977 ), 2, FI#EZ, Wk, SR TR KA
NEEH 7T, E-mail: zhangna @zstu.edu.cn;

BAPEFE (1991 ), 53, fill 4, IR 2 RE ST L
fefs BACHE T 7T, E-mail: 485808850@qq.com;

IR (1973-), B, #¥%, 1+, NERTHH . BERK
. B e B FRAEHT 9T, E-mail: baoxiaoan @zstu.edu.cn;

BB E (1973-), B, 8%, 1, WHIA TR 45
M1~ =i EAE 7T, E-mail: qjy2000@gmail.com;

R (1989-), 55, 4, WNFHIHENL LT BN H
FIEE AT 7T, E-mail: w501sn@yamaguchi-u.oc.jp.

GriEmiE: 5+ %)



