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A Study about Additional Reinforcement in Local Updating
and Global Updating for Efficient Path Search in Ant Colony System

SeungGwan Lee' - TaeChoong Chung''

ABSTRACT

Ant Colony System (ACS) Algorithm is new meta heuristic for hard combinatorial optimization problem. It is a population based approach
that uses exploitation of positive feedback as well as greedy search. It was first proposed for tackling the well known Traveling Salesman
Problem (TSP). In this paper, we introduce ACS of new method that adds reinforcement value for each edge that visit to Local/Global updating
rule. and the performance results under various conditions are conducted, and the comparision between the original ACS and the proposed method
is shown. It turns out that our proposed method can compete with the original ACS in terms of solution quality and computation speed to these
problem.
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Updating), 2% &&(Reinforcement Learning), HIEt H2|AE (Meta Heuristic)
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22 The Ant Colony System
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#AE AXNE ¢ AELS NGB4A 7F3(Local Upda-
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9oy AsiM Ae) Mol TF2(State Transition Rule), Al
o 7341 72 (Local Updating Rule), A9 784 72 (Global
Updating Rule)ol thsl A3 w31} i, 7].

Initialize
Loop
Each ant is positioned on a starting node
Loop
Each ant applies g state transition rule
to incrementally build a solution
and a local pheromone updating rule
Until all ants have built a complete solution

A global pheromone updating rule is applied
Until End_condition

(222! 1) The ACS Algorithm

2.2.1 The State Transition Rule
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2.2.2 The Local Updating Rule
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2.2.3 The Global Updating Rule
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(r,)—(1—a): t(r,s) +a-(dr(r,s) +v  InfoT(r,s))

where dr(r,s) = [ (Ly)™' if (7,9) = best_tour
otherwise G)

fregT(r,s)
m

InfoT(r,s) =

71X, L= Current Iteration Best Tour Zo), »(0 < y
<1DE FAAF(discount factor), me AR ¢, fregT(r, s)
T AuEel A (r,s)ofl HEF 35, InfoTh, )= A
Aulpe] i 2+ 2HAE WE 345 Jebdd o7 &
AAR(r)E AMESHE AL A&HA 83404 Zzls 7
Sz 8 ¢ Q] Wi dAYER gAg o= Ao

A= o] ¥He Current lteration Best Tour®t #&2
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(¥ 2)(a), (¥ 2)(c)& 4Hyd ABDCFEAZ} Cur-
rent Iteration Best tour cycle& T48= A% 2 A9

Fehake 2/3, 2/3, 2/3, 2/3, 1, 2/3& Zgheict.
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(r,s) ~=(1—p)  t(r,8) +p - (dr(r,s) + 7 InfoE(r,s))

fregE(7,s) ©)

where InfoE(r,s) = 7.(r) +m

71M, fregE(r, s)= @A AR Ao)|ZdA AANAA A
nEo] A E(, s)ol WES 34, InfoEr, s)E A AE
& wTo g Frigtoz A An$dd == (Do dE
AN kb BT 4§ 9 Yol gl =29 At g
A A2 Apol el A FATA JRuE ]
£ 358 ded Aot

7 B s)ell ¥

Alslcip|E|F Als[c|p|E]|F
Alojzloiz]2]1 alolefoli]a]s
s8l2]o]2(2]0]0 Bl2lof2]1]|1]o0
cloj2]oj2loj2 cloiz2{ofgiolt
pi22]2(0]|1]0 Di1]1EF|o]o{1
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(12! 2) Tour Cycle

(23 2(b), (I8 DDE HHEH, AR Alo|ES 745
71 98l ABD(C, E, F)==d 9 7urt Ce=gd Mg
A% 87 24D, O #3ghE 2/(3+3 22 Z3git

(2" 2% A4 AZ Alo]Z Fo 7 el BES 35
g vkl RS2 Ant's # = 322 JMARE o), (29
2@)E A7 AZ AtelZolH, (¥ () tAZY 7
2 ApolZe 7t HAel whEE slu] ol tHprevious). (1
H D) t+ 1Ak AR Apo]Foln, (27 2))E t+1
AN7re) AR AtolEel 74 {’r*doﬂ WES Jivlgol tHcurrent).

£ omEdA g e WHe A€ M =
AlE9 A& TSP A& da] ¥eldl TSPLIBAAN #&
g APS sk AMEE BEtUEHEY e A o
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g 3 o, ACSE A7 Current Iteration Best
Tour?t #HZ&E ¢& AAMske= W, ACS_AGR (ACS_
Additional Global Reinforcement)s HE 7§ B uf

2 342 Ao Fr13t whholm ACS_AGLR(ACS_
Additional Global and Local Reinforcement)& 47
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Rat783 9046 9146.23 | 830047 8306 2.73%
5 ZEM wozel HF W
B eFe A54U ACS ¢xndEY Asd A=
WS AABEL A
A 7gAlel 2dolA Current Iteration Best Tour®t #H &

o]
2 g ANdE PYuTh BER BT M6l 37t 4%
A8 AzE F& BUsE PE AGBANA

*e
A BEY A0 3 Te slnse] BRY A5E T
£4

oldzl o way Ao FyPAT. 22, 4P =X
A EA & ATt vged, ol AL AtE F7F Ak
o o3 A ¥hilo] BE Talo] XZAA] Frke AE
ST oL vi2 W] AT 2RHez Ao
A7l WEel, =Al A FELTeRE Asghe A3
skl A slvke AE e Eth

g2hA, FF dFRARAE old ARES JHez 7}
4 B 9 BEEE B3 EE =NEE TEE 5
= ZAage Bystel #F o 8L A7t o] FodH
dAnc o £ Z2%4E 29 £ 42 Aotk 1d3
Yo7k Ar gl Fojsta, 2R ﬂ}%ii
MelEE o] F doldES St A2zt FAld A&H &
go2 A F2E oFo UZ F A Az ki
o, SRHH el o
o g2 %’{-"a— agFos g8 ARG FF
g 4% 1Y Aol

rE ¥ oil

i)

Az

g oes

[1] A. Colorni, M. Dorigo and V. Maniezzo, An investigation
of some properties of an ant algorithm, Proceediings of the
Parallel Parallel Problem Solving from Nature Confe-
rence(PPSn 92), R. Manner and B. Manderick (Eds.), El-
sevier Publishing, pp.509-520, 1992,

[2] A. Colomi, M. Dorigo and V. Maniezzo, “Distributed opti—



242 deEXelstal=EX B M10-BT X32(2003.6)

mization by ant colonies,” Proceedings of ECAL '91 - Eu-
ropean Conference of Artificial Life, Paris, France, F. Varela
and P. Bourgine(Eds.), Elsevier Publishing, pp.134-144,
1991,

[3] B. Freisleben and P. Merz, “Genetic local search algorithm
for solving symmetric and asymmetric traveling salesman
problems,” Proceedings of IEEE International Conference of
Evolutionary Computation, IEEE-EC '96, IEEE Press, pp.
616-621, 1996.

[4] D. S. Johnson and L. A. McGeoch, “The travelling sales—
man problem : a case study in local optimization,” in Local
Search in Combinational Optimization, E. H. L. Aarts and
J. K. Lenstra(Eds.), New York : Wiley and Sons, 1997.

[5] L. M. Gambardella, E. Taillard and M. Dorigo, “Ant Colonies
for QAP,” IDSIA, Lugano, Switzerland, Tech. Rep. IDSIA
97-4, 1997.

[6] L. M. Gambardella and M. Dorigo, “Solving symmetric and
asymmetric TSPs by ant colonies,” Proceedings of IEEE
International Conference of Evolutionary Computation, IE
EE-EC '96, IEEE Press, pp.622-627, 1996.

[7] L. M. Gambardella and M. Dorigo, “Ant Colony System :
A Cooperative Learning approach to the Traveling Sales-
man Problem,” IEEE Transactions on Evolutionary Com-
putation, Vol.1, No.1l, 1997.

[81 L. M. Gambardella and M. Dorigo, “Ant-Q : a reinforcement
learning approach to the traveling salesman problem,” Pro-
ceedings of ML-95, Twelfth International Conference on
Machine Learning, A. Prieditis and S. Russell (Eds.), Mor-
gan Kaufmann, pp.252-260, 1995.

[9] M. Drigo, V. Maniezzo and A. Colomni, “The ant system :
optimization by a colony of cooperation agents,” IEEE Tran-
sactions of Systems, Man, and Cybernetics—Part B, Vol.26,
No.2, pp.29-41, 1996.

[10] M. Dorigo and G. D. Caro, “Ant Algorithms for Discrete
Optimization,” Artificial Life, Vol.5, No.3, pp.137-172, 1999.

[11} M. Dorigo & L. M. Gambardella, “Ant Colonies for the Tra~
veling Salesman Problem,” BioSystems, 43, pp.73-81, 1997.

[12] P.-C. Kanellakis and C. H. Papadimitriou, “Local search for
the asymmetric traveling salesman problem,” Operations
Research, Vol.28, No.5, pp.1087-1099, 1980.

[13] S. Lin and B. W. Kernighan, “An Effective Heuristic algo-
rithm for the Traveling Salesman Problem,” Bell Telephone
Laboratories, Incorporated, Murray Hill, N. J., 1997.

[14] S. Lin and B. W. Kemighan, “An effective Heuristic algo-
rithm for the traveling salesman problem,” Operations Re-
search, Vol.21, pp.498-516, 1973.

[15] SeungGwan Lee, TacUng Jung and TaeChoong Chung,
“Improved Ant Agents System by the Dynamic Parameter
Decision,” Proceedings of IEEE International Conference on
FUZZ-IEEE ‘01, IEEE Press, pp.666-669, 2001.

f16] T. Stutzle and H. Hoos, “The ant system and local search
for the traveling salesman problem,” Proceedings of ICEC
97, IEEE 4th International Conference of Evolutionary,
1997.

[17] T. Sttzle and M. Dorigo, “ACO Algorithms for the Tra-
veling Salesman Problem,” In K. Miettinen, M. Makela, P.
Neittaanmaki, J. Periaux, editors, Evolutionary Algorithms
in Engineering and Computer Science, Wiley, 1999.

o & &
e-mail : lee@iislab.kyunghee.ac.kr
1997 Asggn A ANZ (T AL
19993 A3ty gty A=A AF e
4—?5]—/\“ /\].)
20019 ~ 84 B8 ) % AAA
Ao WA 5

AP EoF: AFA T, HEldo)dE, HA 3, *?ﬂ%"/‘ s

d =

e-mail : tcchung@khu.ackr

1980 A &ujdtn AAEFSIHE AL

1982d @ sried qEte AAAL
FetaHFetAAD

1987 &= #e}r]EY st HAALE
FETHF D

19873 ~1988d KIST Al=® #8H4le) HY a4+

19883 ~ A A3 st AFEH T Hus

A EoF: A%, AdolAe, RdeHE, s}, HB

-
qF
3 5

B



