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Ant Colony System Considering the Iteration Search
Frequency that the Global Optimal Path does not
Improved
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Abstract

Ant Colony System is new meta heuristic for hard combinatorial optimization problem. The original ant
colony system accomplishes a pheromone updating about. only the global optimal path using global updating
rule. But, If the global optimal path is not searched until the end condition is satisfied, only pheromone
evaporation happens to no matter how a lot of iteration accomplishment. In this paper, the length of the
global optimal path does not improved within the limited iterations, we evaluates this state that fall into the
local optimum and selects the next node using changed parameters in the state transition rule. This method
has effectiveness of the search for a path through diversifications is enhanced by decreasing the value of
parameter of the state transition rules for the select of next node, and escape from the local optima is

possible. Finally, the performance of Best and Average Best of proposed algorithm outperforms original ACS.
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7i| A Al2=)(Ant Colony System, ACS)& 2%
A=Az FAE sl 9% viE Fo2g g4 whiog
a2y gt o} 3 A B=wg ALEE BT 2
A YR &3] Wil EAIE B 98 Agez A
AHAATH, 2). ACSY] el dlo|AER} Bl n|Eo]
EAAE Pl dolrhs B2t 2 A=l HEES BHjsln,
o]Fd] AWle oo]HESE 1 AR FdglE HZE
(Pheromone) FEE o] 43 the Z2& Adsle g
Frelag gio A A7 AladoR dojHESS 7t AR
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2 283 dneFos 2FHH3} AL £3) v 2
A|(Traveling Salesman problems, TSP), Job-shop
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Al ARgE 3 gl

2 =RolMe g’ A3 2AE sl fa) Alg
# ACSe] 712 <a@E(5, 6, 7, 8, 9, 10)2 &N,
a8z, TSP #A18 #12dsk] 8} 71& Wi Ade
ACS 2a3)E g Aokt
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7hu) A A|2= (Ant Colony System, ACS)& 2% 3
A3l FA & dd3l7] Y48 Dorigo ¢ Gambardella 51 ¢
3 AR eH, A AulEe] Holdlx F7A] A #
BEE Ze S T v FEl2E 7goltil, 2).

dukRoz ACSE (28 D 2L oz 35 3
o HA mle) olo|AEEe| 2718} W3 (initialization
rule)°ll Wt T2 Z nl9] == (node) & AEF oS, 7
Ao|HEEL JejHo] 2 (State Transition Rule)ol o
2t ool WS =8 Addia AgsiA g8 S AR
o} o3 BARY S A ¢t do)HEEL X9 4l
T+3(Local Updating Rule)ol we} W23k 2} b #=2
£ g N6 9ot 28ln 99 ZE oo|AESe] g4
HEE vXA =YW A9 B4 F2(Global Updating
Rule)°ll Wz} oA g S 2R kg e B}, 2=, 2zt
Jo)HEEL & 7M1 Al Foloy Fug g
¥ HEES 7R S A AR PH uet
gaA2E ge) do)

Initialize

Loop /* at this level each loop is called an
iteration *

Each ant is positioned on a starting node

Loop /* at this level each loop is called a
step */

Each ant applies a 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

& 1. JHo| Bek AL
Fig. 1. Ant Colony System
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S otherwise

¢ [0,1]Akelel Exd 749 gereo|x, ¢ & (0,1]
Aole] & 7HE QA S A Q)M Folzl FER T
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=E Folth, AA7AE RE JOIHESY T ZE Ao

b it(r,s) € global best tour
0 otherwise

al0<a<l)e H2E 249 A2, Hr,s)
3 ==(s) Alole) ARE 4 L,E AY HA AR dolo
t} aa, q71A Arr,s) e A9 HA A2 O sk

e
k

31 7| Eel Mef™ol & Y Y

AR |
9l 28w g AYdhe A o pE BAT THET AF
E0} st

Randall(11]e] d7<ixE TSP E4E dsk7] K3l
ZF3k(intensification) 9 thksHdiversification) Ak
AAEIET 1AL FalE o g WA R A
E3l ACSS A2 Bkt A WA AEke v1E slep
B #2 a=1& T2 AREShe W, TR Wk Had
WAz go] AAH LR o g& FAMIIE W, Al WA
Heke A BHolE= old(Simulated Annealing, SA)
I FA1e reheating-like WHoE HA AHRI} BAHA
gom o8 Zhardhs W, ul WA A= 8- 41X (Taboo
Search, TS)E Z-83F strategic oscillation WS A
Bt oA7ldlME 7189 o= 132 1| W] 7P £
A%< HodFm lek Ruoying(12]9] A7eMe o =
= AeA sl el dgl ofAlA] dojdEEe] Wi
B2 s dely oo 243 T-ACS 2dE AlAR}
Sk BRFIA R Lee(13)9 STAM % the & A”A] &)
3 A0 e ol A7A] o] HESo] WHES WE HESE
g3 9ok 383, Kim(14)9 d7dHe o ==
S AAE o ik A2t AFER] Ya Holrt
BRAZ ARE o] &4 the x=8 Adske WS A
3l

!

o

7lee) ACS 2nEES Aeials AR Ea o
deisiele F2ag u ge ¢
; dejstele H2E gud et

A2E Sdapl B 53 AGPARFAE 94
A9 A9 Azt HE NS FaAsker], 2
2 &

o,
e
Il
it
)
)
rlo
r\l
&=
o

S

oJe e o

]



12 BE AT EREE #2009, 1)

8 2208 158 71 olfe Be
B 37t doluA] @

2 = A At MME ACS ¢nalEL AY 24 73
29| Qoj7} Fo|R Y5 Alo] & Bl (iteration) F T ©]
4 A B FRFFe) wigthn H71sln geidol
T sl (o, )& VA (R, a=06,4=11)3}
o (¥ 2)¢ o] the == Adt J8ln, A2
A Azg 2¥sp =H4E oA J)1E sy g
(a=1,=2)2F vt} olgjd x& My} g4 314&
8 227 A% FRYT. 1AL AY A A= Aolr}
Foi7] wE 2 Fot R A ghod thg A2 gale) A
Bjdo] oA F2ulEl(a, 5) & TR OB T3l
T A BAo] rFeshe fR AR o2 RE ol &3
7b ik &, 94 30 gshs 48 39 (Y
2)E MAE ACS gxelEe] dejro] Fol}.

R S E

—

/* Agents build their towns. The tour of agent k is
stored in Tour, */
For i:=1 to n do
If i <n then
For k=1 to s, do
for Gyde:=1 to C do
if(not find Z, in limit cycle)
Choose the next node s, according to

formula(1) and formula(2) using
changed parameter(a=0.6,3=1.1)

If i<n—1 Then
J(s) = J(ry) —s,
If i=n—1 Then
g (s,) = )= s +ry
Tour, (i) := (r,, 5,)
else
Choose the next node s, according to

formula(1) and formula(2) using
default parameter(a=1,3=2)

If i<n—1 Then
Jls) = J(r)—s,
If i=n—1 Then
Jlsp) =g (r) =5 +ry,
Tour, (1) = (rk, sk)
End-for
Else

For k:==1 to m do
/* all the agents go back to the initial node
Th
si=rp,
Tour, (8) = (ry, s,)
End-for
End-for

T8 2. FHME MeliFof A
Fig. 2. The Improved State Transition Rule
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Table 1. The experimental result which changes the parameter of state transition rule, when the global optimal path does
not improve during 100 iterations(less than 1000 nodes)

eilb1 426 426 426.0 34.1 426 426.0 103.6 426 426 226

d198 15780 16780 15780.0 119.7 15780 15780.0 1878.4 15780 15780 2075.5

a280 2579 2579 2579.0 22.4 2579 2579.0 113.9 2579 2579.0 184.9

prd39 | 107217 | 107217 107234.6 1262.6 107217 107225.8 175.6 107217 107225.8 214.2

pcbd42 | 50778 50778 50876.0 21111 50778 50845 4360.8 50778 50860.1 2342.9

attb32 | 27686 27686 277014 1925.6 27686 27699.3 1900.0 27686 277025 1987.2

rat783 8806 8806 8826.6 3485.5 8806 8817.7 3141.9 8806 8813.2 2730.1

B2 8 AE Z27} 1008 BIS S0t SAlEX| pis AR AlEKo| Al ml2|o[EiE Wz A% ZnK(le=57t 100071 Ok
Table 2. The experimental result which changes the parameter of state transition rule, when the global optimal path does
not improve during 100 iterations(more than 1000 nodes)

vm1084 | 239297 | 239297 | 239417.7 920.1 239349 | 239484.4 1423.4 239297 | 239399.4 1236.6

pcb1173 | 56892 56893 56998.1 1689.5 56901 56991.1 1980.8 56893 56987.3 1508.3

d1291 50801 50801 50843.5 940.6 50801 50886.5 665.3 50801 50841.8 621.8

ri1323 | 270199 | 270547 | 2709356.3 1280.5 270755 | 270882.9 1106.7 270254 | 270758.8 1116.1

nrw1379 | 56638 56697 56791.9 1671.6 56695 56754.6 1749.6 56688 56751.4 1413.4

ul432 | 162970 | 153284 | 153464.1 2336.7 163265 163599.2 2808.3 153260 | 153457.7 2600.4

vm1748 | 336556 | 336834 | 337164.7 888.7 336926 | 337232.2 879.9 336834 | 337192.9 843.8

rl1889 | 316536 | 317693 | 318646.4 1030.8 317268 | 318458.1 996.6 317526 | 318416.1 720.6




14 ®E AFEFEREE HLE(2009. 1)

SEEE B3 ()3 thy = e deEle &
3 A2 A& 7R stk 2R x= gt A
gL A9 A A5E EIAT, k= 57 Be A%
dlre deido] FAoA FEinE i o s} A
Fow giske 237} 4 F2 Su oz, 7 3
A B2 943 B e Hpe] g $48E HoF
o FF A7IAE AE HEE TSP ol9e] e &4l
B0l Hgel Ba 1 AL Hrisiert.

28| 3. 22802 A Z=
Fig. 3. Optimal paths in a280

ot

et

i

(1) L. M. Gambardella, and M. Dorigo, “Ant Colony
System : A Cooperative Learning approach to
the Problem,” IEEE
Transactions on Evolutionary Computation, Vol.
1, No. 1, 1997.

{2] M. Dorigo, and L.M. Gambardella, “Ant Colonies
for the Traveling Salesman Problem,”
BioSystems, 43, pp.73-81. 1997.

(3] B, W) A HHE o] 47 T4 AN YEYA
o 248 dnElE” AXAFEPEYINE=EA, A 12
A, A 5%, 131-137%, 20074 119.

(4] olsd, "FEPN2E 24E B4 2L 9% dYE A
o] A2/l FRAFEF RS =2A], Al 139, A 3
3, 147-152%, 20084 54.

(5) C. Blum, “Ant colony optimization: Introduction

Traveling Salesman

and recent trends,” Physics of Life Reviews,
2(4), pp.353-373, 2005.

(6] M. Dorigo, L.M. Gambardella, M. Middendorf,
and T. Stutzle, “Ant Colony Optimization,” Vol.
6, No. 4, IEEE Transactions on Evolutionary
Computation, July 2002.

[7) M. Dorigo, and C. Blum, “Ant Colony Optimization
Theory: A Survey,” Theoretical
Science, 344(2-3), pp.243-278, 2005.

(8] M. Dorigo, M. Birattari, and T. Stutzle, "Ant
Colony Optimization - Artificial Ants as a

Computer

Computational Intelligence Technique,” IEEE
Computational Intelligence Magazine, 2006.

(9) M. Dorigo, and T. Stutzle, “The Ant Colony

Metaheuristic: Algorithms,
Applications, and Advances, Handbook of
Metaheuristics, pp. 250-285, 2002.

[10) M. Dorigo, and K. Socha, “An Introduction to
Ant
Algorithms and Metaheuristics,
2007.

(11) M. Randall, and E. Tonkes, “Intensification and

in Ant
System,” Complexity International,
2002.

(12) R. Sun, S. Tatsumi, and G. Zhao, "Multiagent
Reinforcement Learning Method with An
Improved Ant Colony System,” 2001 IEEE
International Conference Systems, Man, and
Cybernetics, pp.1612-1617, 2001.

(13] ols#, HelZ, d3te} tolsle] 2318 53 HY o
o|HE % MMl B AF, AxZ A=A, A
404, CI#, Al 6&, 87-94%, 20034 114,

(14) A, €99, e BA F43 /448 7Y
o] Zg Al2E” = EA S =EAB, A 127,
Al 7%, 823-828%, 20053 124.

(15) TSPLIB, http://elib.zib.de/pub/Packages/mp-testdata/
tsp/tsplib/tsplib. html

Optimization

Approximation
CRC Press,

Colony Optimization,”

Colony
Vol. 9,

Diversification Strategies



A9 A4 227t $R9A GE wE D 24S AR AT D A2l 15

ol & &

+19974 24 : AYa AP

+1999d 249 ¢ AguRta AAA

20049 29 : Asista A

20049 39 ~ 20063 8¥ : 7}
gte ARenE
S 9] A
+20064 99 ~ @A © sl
sprole as
@D R, mielold
E

E H43} voler}

9
ol

oty &
+1998d 2¢ © Aedigw Axky

+2001d 29 © Bgw Ay

St FEPAL
-20055 29 : AL WA
shot apapa}



