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Hybrid-behavior ant-colony optimization algorithm with
pheromone updated by multiple good solutions

REN Zhi-gang, FENG Zu-ren, ZHANG Zhao-jun

(Systems Engineering Institute, State Key Laboratory for Manufacturing Systems Engineering, Xi’an Jiaotong University,
Xi’an Shaanxi 710049, China)

Abstract: Ant-colony optimization algorithm(ACO) has been successfully applied to the optimization field, especially
to combinatorial optimization problems. However, it may encounter premature convergence or costs an excessively long
computation-time. To overcome these shortcomings, we present an improved ACO algorithm. This algorithm incorporates a
random selection-strategy into the typical state transition rule, for ensuring its exploration ability. Meanwhile, the algorithm
maintains a good-solution pool and alternately uses the optimal solution or the sub-optimal solution from the pool to update
the pheromone. Thus, the intensification and the diversification of search are balanced. We also discuss the settings of
related parameters, and analyze the computational complexity and convergence of the proposed algorithm. Additionally,
simulation experiment is performed on typical traveling salesman problems. The results demonstrate that this algorithm
generates higher quality solutions than existing algorithms.
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Fig. 1 Flow chart of the algorithm

4 S£% 55 P (Experiment and analysis)
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Fig. 2 Evolution curves of four algorithms

5 45 (Conclusions)

AL HOIR 2 B B 0 0 R0 45 S 25 SR R P g
T, WP ISR SRV T et S s 7 Y (PR i
B rh il T — B D L B SR, A 1S ISR R
5 0H AR FF— 0 IR R B8 )5 0 1 A2 A AL A
AN R AR B B 2R, RIS Ak 1 WU A D A
LRI 1A 2R, AT L BE W A0 AN [R) i X Ja )
DI R, b7 1PN R A AR . B Ja 18 ) B S 56
IOUE TiRFEEA . AR SCRVE AR LITSP A
P HEAT #6538 (1), AR AR Bk HAR S mE i, IR AT
TSP B, PRt B AT — 5 R FH .

£ % ik (References):

[1] DORIGO M, MANIEZZO V, COLORNI A. The ant system: opti-
mization by a colony of cooperating agents[J]. IEEE Transactions on
Systems, Man, and Cybernetics-Part B, 1996, 26(1): 29 — 41.

[2] DORIGO M, GAMBARDELLA L M. Ant colony system: a coop-
erative learning approach to the traveling salesman problem[J]. I[EEE
Transactions on Evolutionary Computation, 1997, 1(1): 53 — 66.

[3] STUTZLE T, HOOS H H. Max-min ant system[J]. Future Generation
Computer Systems, 2000, 16(9): 889 —914.

[4] BULLNHEIMER B, HARTL R F, STRAUSS C. A new rank-based
version of the ant system: a computational study[J]. Central Euro-
pean Journal for Operations Research and Economics, 1999, 7(1):
25 -38.

[S] BLUM C, DORIGO M. The hyper-cube framework for ant colony op-
timization[J]. IEEE Transactions on Systems, Man, and Cybernetics-
Part B, 2004, 34(2): 1161 - 1172.

[6] BORKAR V S, DAS D. A novel ACO algorithm for optimization via
reinforcement and initial bias[J]. Swarm Intelligence, 2009, 3(1): 3 —
34.

(71 WRiE, v, 238, 5. ST 403850 B 1A & RLWOHE VAT, 4
4Rk, 2003, 14(8): 1379 - 1387.
(CHEN Ling, SHEN lJie, QIN Ling, et al. An adaptive ant colony al-
gorithm based on equilibrium of distribution[J]. Journal of Software,
2003, 14(8): 1379 — 1387.)

[8] PHFEBL, WM, TML 35 B Ry BRSO ILD]. 12
i, 2004, 32(5): 865 — 868.
(HUANG Guorui, CAO Xianbin, WANG Xufa. An ant colony opti-
mization algorithm based on pheromone diffusion[J]. Acta Electron-
ica Sinica, 2004, 32(5): 865 — 868.)

[91 K2, W44, i, A IRGUE RR WO REIEAT]. BaifbAaK,
2006, 32(2): 296 — 303.
(KE Liangjun, FENG Zuren, FENG Yuanjing. Ant colony opti-
mization algorithm with finite grade pheromone[J]. Acta Automatica
Sinica, 2006, 32(2): 296 — 303.)

[10] V5 i, VAT, SSEIRL — 28 B W CRE S0k 2 e St 23
M1, B B8 5 M T, 2005, 22(5): 713 - 717.

(FENG Yuanjing, FENG Zuren, PENG Qinke. Adaptive ant colony
optimization algorithms and its convergence[J]. Control Theory &
Applications, 2005, 22(5): 713 - 717.)

[11] JEETE, TR, B0 B BOSUR HOE RS0 (0. P 5
Pk, 2007, 22(6): 635 - 688.

(XING Guihua, YU Shenglin. Dynamic stage ant colony algorithm
and its convergence[J]. Control and Decision, 2007, 22(6): 685 —
688.)

[12] FeARi, 07, bR SELT]. H 33, 2007, 33(3):
259 —264.

(XIONG Weiging, WEI Ping. Binary ant colony evolutionary algo-
rithm[J]. Acta Automatica Sinica, 2007, 33(3): 259 — 264.)

[13] BKBEEE, FALHT. —FisRAFTSPIN B IACO & SS HiL %M. #
il 5 L5k, 2008, 23(7): 762 - 766.

(ZHANG Xiaoxia, TANG Lixin. An ACO & SS algorithm for travel-
ing salesman problem[J]. Control and Decision, 2008, 23(7): 762 —
766.)

[14] DORIGO M, BIRATTARI M, STUTZLE T. Ant colony optimiza-
tion: artificial ants as a computational intelligence technique[J]. I[EEE
Computational Intelligence Magazine, 2006, 1(4): 28 —39.

[15] Brifise. WS PR SN FI M. st BE2 HRRAL, 2005.
(DUAN Haibin. Ant Colony Algorithms: Theory and Applica-
tions[M]. Beijing: Science Press, 2005.)

[16] TALBI E G, ROUX O, FONLUPT C, et al. Parallel ant colonies for
combinatorial optimization problems[J]. Lecture Notes in Computer
Science, 1999, 1586(1): 239 — 247.

A& A

BB (1982—), J, W L5, EEAFR eI 4L
P2 345 7 T (7T, E-mail: whrzg5258@163.com;

B (1953—), 55, WL guAE, e, WA 50, i STA
BAFEHLEE AT DL ARLSE S B ReAs S AL 25

IKE (19810, F, W14, FENFR B ETEL, 50
VRS TT I R



