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ABSTRACT

This thesis proposed an-extension of Ant Coleny System (ACS) for solving the
Traveling salesman problem (TSP). by inserting’ an' exploratery.mechanism into the
conventional ACS. Thebasic idea-is forcing each ant to-explore different paths in early
stages of the solution construction phase ‘to expand search-space. Since ACS is a
successor of Ant System (AS),-it obtains the' drawback-of local minima from AS.
Although ACS has-added. the local pheromoneupdating process.to handle the
weakness of its predecessor, but the drawbéck still persists. Therefore; this thesis has
modified ACS algorithm, by 'inserting/ the . exploration. ‘mechanism into the ant’s
movement for diminishing' the-effect, of local minima. Experimental fesults on five
symmetrical TSP-benchmarks from TSPLIB indicate that our. proposed method can
increase both the quality. of solution and the rate of optimal solution founded.
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1.4.1 veuins e tes (Related topics in graph.thieory)
1.4.1.1 nswilalssyiiane (Undirected ‘graph)
1.4.1.2 nsmsgyAne-(Directed graphor Digraph)
1.4.1.3 asigasimin (Weighted graph)
1.4.1.4 n3mu3ysal (Complete graph)
1.4.2 Uggmmaiiusetianu (Hamiltonian path problem)
1.4.3 Ugyminsiiunisveaniineuwng (Traveling salesman problem)
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2.1 szEgnN1NUUUYAAn (Euclidean distance)
szeyvuUgAinfe seaevneUn® (ordinary distance) Tuuuaidunssssminsgnass

9n Tuusgliuuugain (Euclidean space) ZsliifinnulAwuagliannsoviililAseld

2.1.1 gy

LEEVNIUUULARASENINNGA p Uae q Agauenivasdutandunss pq Milewyn
VAGOR
lussuuRnan13A@eu (Cartesian.coordinates) 1-p.=(ps, pa, ... ps) B8E q = (g1,

@2 .., gn) \DugREDaUUUSHRLRAA » FUEY SrEvn (distance) 31n9n p U q 39310

90 q 1 p Awnallangasrestyilinga deil

dp, @)= daspy =g > p, Y 4+ (g~ p, P & .o lg—p, f
. 2.1)

= Z(qi _Pi)z

i=1

o A ad s

Fuvisuaegauuy3glande » IFfe. Lnnasuuugada (Euclidean vector) Astugn
!

U 9
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2.2 59ang19anuUNqunnIIvn (Graph and related topics)
-1 ¢ e a 4 v o a o & o w a
Tuhdeilisagnantimguinivilewu [2] Wesnnmgensmiiillominiuasd

v ¥ = ° o Y o dd v oo

swaziBeaun saiusenumhausewzdiuiiiuiugiusazdiiifedosiutymnis
a ) . ¢ v al <
LAUNN9V8INTNI1UY1E (traveling salesman problem) Feaggndnsfislunguildu q 7

A 1.4 U a
NYITBINUINUITEUDILTT

2.2.1 a1y (Definitions)
NIMABABUGIU G = (V,E) Usenaumeiandnfin 2 lom Ao
® ¥n ¥ 983gauen (vertices) w3alvun (nodes) Tny ¥ azdasliifuign
N
8/ o ¢ M o .
o an Eysududen (edges) Tuduglidusu.(unordered pai) va43n
gonuains -G Ing £ vz fumainedlanle
Taednfud? ¥ uay E sssluwndang tlaseanilanuvaty § duruasldlale
lunsdlf 7 way E dumnedud efdufenandssmauiing deainainluinedu
WuigeUszimudsveansmiicianin nslissuiianig (undirected graph) uae
Junsvetwite (simple graph)
a a a - | a [Py | e
nImiUsziandy 9 avdisaviBunvesiumauaiag £ dunnaneiu iy daune
dgdiduszliiannseiiduldsnlunsideiduriteungengesynieaiule
P & = a d A o e ol o Y =l 1Y
Wesn Exulen deaundnfitndiouduasgnuedudadetiu viniqeu E 4%
Dudafiam (multiset) vosglidusuyssgnsan 1513¢laaRnsw (multigraph) e
= = [} = dy a = L3 LY e‘l’ ] Y]
NIINLNEN (pseudograph) F488UBNINUBATINUINIVOIINYIUNUFRUUN 11U
Uszinnuesnsuand <) Miferdesivineainusasgnminausluiate 2.2.2 vinves
N3N
TN
o e v o 1 . 2
" gpganiiegiuanevasdudanasisundngagendate (endpoint) vauiu
P i o & W I ad & 1o
Gou uigpeenyngalidndudeulugnsendats (lunsdiigaveniulil
v o ]
LULTONUPIBLAE)

= Judu (order) vaens i [V] Ae d1unugngenvens v

. ° [
X quia (size) 205 |E| fis Srunuvenduitenlunsu

a o

s v o Y & aa
= {n3 (degree) v0%yawan Ao Snudulendivetugasantu 9 Tunsdly
a v o a ] 2 v W = Y 4 o ]
fifudounfivaeisansiussidiiugaeeniiieaiu wieituniigy

(loop) hfudndiulusn 1 dwiuusazgy

LY Y & 1Y W
® Fuideu {uv) vaseadeuliduaunudian w1



2.2.2 YUAV2INTIN
a o/ t [ =Y aad 1 ac Y7
ANURSIAINTMgnuUseaniluvangsiiauasliionsuumansid WA LURIYD
1} 4’ (=Y A (-] o A 124 7] -
gogilisnazenuanizsdavseinsindiAguaziisrvodudgninisiauniees

'Y} . P 1 | v ¥ o
niinauwe (traveling salesman problem) iaznandwaluluiiden 2.3

o

2.2.2.1 asmlsiszydiens (Undirected graph)

1 < v o ida ) v o
nswlaiszyfienns Ae neuivniduireulifliienie dupeldulen

9

2 v W o 1 v A W o

(a,b) Wuduieafuiududon (b.ae) vunsanuindudouls o Wudld
SUAU {a,b} V037MLON

nywiliiszyfiemeazgnieninsanegisdte (simple graph) fiseiile

nswiduliiflgl uazlifiyneenglaniliduomuinnd 1 Wu JUN 2.4 uaaa

=N

Y 1 1 i 1 A v oo pY4
ﬂ’?EJEJ'N‘UENﬂiﬂWlaﬁ%‘UWﬂVl']\‘lﬂEJ'N\i’]EJ‘V]iJ‘\!ﬂEJE]ﬂ 3 PALASLEAULTDN 3 16U lag

9
[

1 sla o
YrgonusazniinnIity 2

a

d o) ] ]
JUT 2.4 shagindngwluissyiiAms

9

daududeugantunsmliseyiianiedeieviniu n(n-1)/2

A L Qs
dle n=|y| Aeduduvesnsav

2.2.2.2 n3MseyiiAng (Directed graph or Digraph)

I a

a & | ' v o aa o w
N3N TEYNANIUTUNIINNLARSLEULTBNITUNANININUBY UL

Y

agafunmsueansseyilanie fie gouUdU G = (V,E) o
o 7 fuwniidandndugezen viearasenitlvun
o rilunvasgduduresgasen 3eninduiloudiinnig
(directed edge) ‘Vﬁagnﬂi (arrow)
' mﬁv‘h‘lﬁnawﬂssqﬁﬂmamesi'nmnnswlﬁl"ﬂﬂ(ns'lw‘hjizqﬁﬂmq)

L]

=] = o L3 1/ Qs .
Ao e E gesniszuiiengnienalunatvesgduiy (ordered pair) vad
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d I a o { 1 L
qaean Tuvneiiwe E vaanswldseyiianisgnieslunadvssglidudu
(unordered pair) ¥839A80A

Py = & 1 1 @1 o v 1
nsszyfieneavgniseniliunsiwetnieiseidle dulidfigunelu

a oy < a ¢ @ < Y 1
ns wae Liflidugeniiiyaisuuasyauatediiu JUN 2.5 uansiaeg9ves

9

Y 1 1 :‘d = ¥ P b4 (%
nsszyiirmisedisineiiyagen 3 90 uaslidulon 4 (du lneignas

L

v
v 2/

& W v o & v o da o Y 2 A 1Y
RUIMILENULAULTOU KR UNLEU munLaULsﬁaumﬁJMQQﬂﬂiaaQWFJViuqﬂﬂ\juaaQLﬁu
\Teu '

d s ] =
FUH 2.5 7798 19UDINIINISUNAN

Turuduongaatuns TSy AANI8E13418YNY r(n —1) il

n=|V| Aodupuveins

2.2.2.3 nsiensdnntin (Weighted graph)
' 2 AR a v oo t Y] P~ ° I o w

Asladuidn Ao NI NS dusaviduasinismvunaAAAY
andassmaaninmin (weicht) Fsarmasiduadldang (cost), mmenn
(length) vi50du_q Auffunisidau Inellardvidniicasasioduduau
a 5 @ e o o = o [ F%4 1 %’ )
939 wiluuerseienaltdiusauauassnegusediuiuduils nsvalaiwmdn
gnirlulduAtiygwivane q Yy wWu Jgyw1itiduge (shortest paths) 1lu
EY
A

Taevilumnnamiesnsasvanedensinlagisdmtdn (unweighted

d! 1 ’0’ L% J A 174 4
graph) Sslsifluminasidution

2.2.2.4 asmiu3ysal (Complete graph)
nsnuiysel Wunsnliiseyfiennsegrsiein 9 duesgneen as
o v | o ¢ala o o v 4
gnieusamuidutamale nsmuiysalnfidiuiugauen » 90 ssliduitou

[ 2/ é'
U n(n—1)/2 LHULTDY
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n=5 n==6 n=7

&

d ; Q/ 1 = d‘ o g !
U7 2.6 setisnsmuIugainildnugesenfaLd 2,89 7 90

A NsZYAANISUSYT8d (complete digraph) Ae nsanszyfiFnig

1
o

atfdeiinn 7 Auosgreanszgniiouremeguatiduanlufirnimssdu

(3

nugne NsINssyARNIUIYSH

IS <l

ngvuIREen » 90 Wwiduliaudiuiu

A —1) e

n=2 _ ‘n=3

{ L2 1 = L=y A o z 1 =
sUl 2.7 fhegunsmszyfiameuiysel Nlldnnugngennus 2 e 4 9a

U
2.2.3 Usymafiunaiiady (Hamiltonian path problem)
2.2.3.1 Mafuueiadu (Hamiltonian path)
Tunquiins il mufuneladufe Wunslunsmlidssyiirnimse
o, d 1 1 1 &‘l 1 3
nsmsEyfiene AikugeesaynyalaerulsazgaiierTRg gy nsv

P a Iy a 1 o v
Pflnadunefiafussgnideniinsminniusesld (traceable graph)
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d U 1 =3 =Y u 1 1
JUN 2.8 wansmg eyinulalianuuuns e 1sne

2.2.3.2 3 nsuafiagu (Hamiltonian cycle)

o =

o YA | - Qs L Q/ = o L.
UINTHINAAUAD N7 (cycle or closed walk) (InINTAB A1AU

yosqpveniitignduiuasqnanneidugafeatu) lunswlissyiianade
ATNTEURmNIe Tl ugasaaynyalagi nuAazalfesasLfio vty
(eniuqneseiiiuvigniiudunayynantine Gslauriaesady) nsWdd
Fpdnsueiaduasgni3ensy nsawiediasu (Hamiltonian graph) JU7 2.9
uaneinagNIINTUalafuBINgI
Funmiigansusflafufevnaiuusiaduiitimsfiuduldonsswing
ngeALINLAYYRLngRTnevin AT dnsty waglumsnsafududn

Isuduey 1 dusenaindndnsuatian srazlimaduteiianu

d ) ] s s -~y /) 1 1]
g‘lh’l 29 LLﬁﬂ\Wl’J@EI'N‘U?N’JQQﬂﬁLLEI&JBGIUUUﬂi']WE)EJ’N\ﬂEI
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2.3 JgynnsiAunnevaawtngueie (Traveling salesman problem)
Jgnin1siauni1sveantdnaiuene (Traveling salesman problem) [3] wiefidey
SenFegedn TsP Wulgmidunfilasuanuaulanninifentegrsenum Wemiznnstu
nsmdnevvssdgmilldiuarsingitu esnilulgwidufiuuuein (NP-hard
problem) dluﬁmmsmﬂ"lmmzﬁqm‘?\m’ﬁﬁ'ﬂ (combinatorial optimization) ﬂgaé’alfluﬂiy,w\
dnagluninen1siFeaniiuaiu (operation research) wasingN15ABURIADITING B

(theoretical computer science) 8nane

2.3.1 teuvasdgm
T TSP Wullywnieafiuniineaure-(salesman) faeaanisduniduniddunis
a Aﬂlq’; t:l o 1 < % o =)
Wuneniduiign (shortest tour) Tunsidumaiues (set) vaalldereagnAIi U n Liled
I a I P R a v o v & A = Y =
Tagunisiiunialuagseu (cycte) MllonTunAuuagiiievgavine uilowneiiu uasl
Reulvhvzdeufumisinidllon)n o Wee laeudazillasasgninunmiiiesin 1 Asavindy
feuilunisnisassdiagu TsP-amsodnauslu@ivadamanddaoonsinediq

Yminusysal (complete weighted graph) agsil

G=(N,4) (2.9)
JEEANY Ao wnueluun (node) Nknuloanng: 4
&/ d i J J
A Ao Iomady el (edge) MunuyINTaNTEIBIRglA 9

Tuustasdudan G, j)es ssgnimueliilan o Amis Jeiferldtng (cost) Tu
nsiumsndles i udledj el e N

Wanungndnasslygu TSP A Asurininskedanu (Hamiltonian cycle) s
arlddesautesiigalunsi YninsisRedufaidunieln (csed path) Ariulnuasuu

1 1 :5 ) 5 L% ¥ | L 5 o A A
n=|N| un Tngruudaslnunifiesniufioaviniu (den 2.2.3.2) dadumneuiffign

P o o al . Y
(optimal solution) vastlgynn TSP Aenisi3esduilasu (permutation) © vaenvlilvum

o o g v g P N | o a Y &
(1,2, ..., n} Whalddnes £(x) fadesiign W f(x) gnilenudisioluil

: n-1
f(ﬂ) = |: clr(i),ft(i+l):| + cﬂ(n),fr(l) (25)

i=1

o <

9 FIUIUIDININUA
o)

-]
A

] 2o 1 . .
Ao AnldaneveduBouseninglnue i uaslvuun j
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Qs

A o Y | a8 o
T 200)] mﬂwmﬂ‘uﬁi‘muwgnLimamﬂaau

Id o b4 1 o QO I 2/ 1 [-] ¥
lunsilfidles ie N gniwmualvllafide (o, y) wazalddne ¢ ; gnivualndu

TTEENNUUVEAGR (Euclidean distance) sewinaidles i uavilles j udsasisuntym TSP

1
a1

131 Ugywn TSP wuugada (Euclidean TSP)

w e ¥ + L4 + -
B Blerert TeETrrRET ey Ll Pyt ¢ vevw §o brabevietrls b
LB v be s

»
> v *

> -
v e R IR
= brtw

5
tentt

3

ST

» -
R EepbEE phberi s p s Y EPREYEE
yebe e Y

SUT 2.10 iansfagasvostiom TSP

Ul 2,10 wansfadnyatayavosiiyn TSP 2 4n anedsidSeuifiousussauy
TSPLIB Fufundtritayaninsgind viudywr TSP Tauguviissudte (2) Reyndeya
att532 sUssneusnaiiey 532 WsslulszvAansgeuiing dausUnisd 1121 (o) Aeye
foya pcb1173 Takansfoiwnisiess 1173 Fasgrimrzuisiuaeesiu (PCB)

U

2.3.2 wliavaslgynd TSP

L7

Py TSP anshngnuvadiu 2 vin fell

2.3.2.1 TSP wuuauuns (Symmetric TSP)
Jutlynn TSP Adnldane (cost) anluua i Winua j ddwvinfy
anldigreannlye j \Winue i tufle o, = ¢ lunn 9 G, /) e4
nswiasilym TSP uvuausnas asfunsiddraiminudysella
szyfiemanFeszyiianeile uidesmsetuleuly o = g feguit 2.1
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< @ !
UM 2.11 uanednegnnsnveslyvin TSP luvanuns

2.3.2.2 TSP wuusdulns (Asymmetric TSP or ATSP)
Aaaunan1afulgnd TSP LuvanNInsie 1vmelitduliou
1 t% S Y el 1 8§ v
(7)) &4 p8upeviuduTeuNIATHIY ¢ # ¢

nswiaslam TSP uwuuasaunes sedunswaisihwlnudysalsey

e faguil 2.12

3 4 3
© A
2
o=
1

A Qs ]
U7 2.12 uansetnensinveslayn TSP wuusduuIng



16

2.4 s2uuun (Ant System)

SEUUNA (Ant System: AS) lﬁgnﬁuauaﬂuﬂ%”uﬁn‘luﬂ A.A. 1991 lnegnAnAunay
fimunlag Marco Dorigo wazan [5-7] Tasusniuudszuuualifeg 3 uuusetu As ant-
density, ant-quantity kag ant-cycle Tuszuu ant-density wagssuu ant-quantity ﬁl‘u%ﬁ
msuiugeansilsluwiuilurasiundumannilemisluddnsiomids vueiiszuy ant-
cycle fuasufuusasillsluundenniuadunuasunnidends Tasfvsuaresas

«l A L. 5 dv s .73 1 1 I :‘ 1 G| :l
WI’]'IEJU‘VIQ%U?UUEQN‘U TUBYNUBATIFIUIENINANAINADTZYS N INNIDAUNTNUDINDLAR YN

U

[ | 2/ . . M vaes ) @
16l MnefgALaI5EUY ant-density Wagssuy ant-quantity Aldlasunsusuuseuasiaun

o

Asludn LuaqmnuﬂisawsmwlumsmLauwNwiawaLaaawuaamﬂmamaunuuw ant-

]
<

cycle muu’luﬂawu dlondmiszuuinasmnetessul ant-cycle e

2.4.1 ssuudagmiulemnn TSP

Sanesiussulanannso udtamw TSP fldnaveluluidaiii
unleeransslunsun nodmialidem TSP uvudensin 6 = (vi4) e N uay
A wugavoaiisaazinveaduvn@onssriaslssmudady Tneynduidon ()
a9 wfiailslun 7, Yssdang uagdlddae: (cost) wioisaninimiin (weight)

‘UENLZ’{UL"U’elllfﬂul‘dL‘UUﬂﬂﬁ'Jiﬂﬂﬂ n; —l/d uuﬂ@ﬁ’luﬂaﬂﬂlaﬂiuﬂu‘ﬂ%‘iLL'U‘UEJﬂaﬂ

! 4 . & 5
TEWIWNLUDY 1 LLESLUBDN f

2.4.2 asnvuaaisuAuuasiilslunluszuuaa
§13ann(heuristic) luAIsAVUAATA TS LS LAUNRAD ASAINUA LA LS LU
Fusuliauinad s ailsluuneinanasgnuaeslassialunilssaunisiugn

(iteration) dindiesr A uszanaiuunenuios muai Vi 7)€ 4,1, =1, =m/C™ die

'3

o eal L. LY a P2 2/ o
m FRduILNA Uae C™ ABAINETITEIRsTignadenIe danesiun s RauT1UN

v . .. ° \ ¥ 1Y
Inéfign (nearest-neighbor heuristic) iaalunsivuaawuuiiae d1ilslay

9
I

2 " a 2/ . o o Py Y |
Susuflaeeiiuly nmsfumazgnluues (bias) luwhsusniignasralaeunetn

D

& v Y Y a ¥ a1 a ) 4
59957 Tunemsatutu drilsluusuauiiaunniuly asdeadeamaigsauiudn
suniillsluusyszmeldidudunafisaws duiudduailsluuignifiulneun

Tusevaugusn 9 Jufnlunesiiy

2.4.3 29AUTENIUNANTDIDANEINUTSUUUA
SanesAuTzULNAUIENBUME 2 TUABUAD NTLUIUNITASINAINDUYDINA

wagnsyuuMTUSulTeansillsluy
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2.4.3.1 NTEUIUNTES1AMBY (Tour Construction)
Tussuvnn uafsusuIL m Mazad19dmeunsevias (Tour) Y89
v s QI ) L7 A 1 ] 1}
Tgym TSP Tundouiu Buusnuausiasdrszgnieiidessing q wuugu usas
5 = Q) A } 74 U 1 ]
U (step) 209N19LAU UAR2N &k veldngeudadruwuudu (random
. - A o a 1 ) a A
proportional rule) lun1sidenifiesiazifudsly nanlasazidenie A

1 A o A $ L |A a s
Uazluiuadai & Jellaguegiidles i ewdonifuludades j fie

A if jeN,

i ZIEN," [Til]a[nil]ﬂ |

(2.6)

a

a‘ll (= ] a a P [J 1 L v <

0.1, =1/d; BednEraRnignivuaunaaiue (d; AoTsezne
wuugafinseviinuiies i uauidles a0 a gy g Aasulsiimundysnaes
Alsluunazadidineuanu dau Nf Aowgsvasdlosdnafesiiun & &9
Lipeidusinu (Arsheziuvesnnsifendesfioguanian N fewiiiu 0)

o A <l i (3 o 7 Qf . of < o o a

UndIN & 1a 9 vziiniasanusT i dmsutuiindlesniuineiiu
HIU Miteatudalildlun ssyyanBnuaaaavaulostiafey N aan
A1n1sN 2.6 TmeN N5 = 4~ M* 1o 4 Aowwnusstiiosisnug haz M*

P & A o a ot »
ABLYAUDLNDINUANIN & LABIAUNILLAD

. Asdrenasaulaarnudtasidulunsiiuvasualuseuvun
af v r 4 Ia‘ 5
dunAliuesan & Tussuuieetiidleyi was N* ={m,n,o, p} ln8

A\ Wag, 7 VeLAUTBN (5m), (1n), (,0)uae (i/p) fidauandlugun
13

N =h

141258
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A

05

T
2
ﬁ@é o
io\o
23, 1z, =0.19
40\055
40\049

RO

| g H Ly a
E‘U'VI 2,13 1EANFRENANIUMSAIN TR UTBIIATUTZUULA

LaTAIMUALRAN a Lay B AA1WIiU- 1.0 Uag 2.0 AUa1RU A1
] & ~ | <y - = al ] o 2/
Wavituiiue & 998 ol s 7 asdnluiessiae 9 Awalldanaunis

7 206 ol

Yol I = (084)x(0.53)" + (0.61)x (0.72) +(0.23)x (0.19)

+(055)%(0.49)°
= 0.6925
[Tim]a [”im]ﬂ (L (0' 84)x (0'53)2 =0.3407

k
pim = =
ZIEN," [Til ]a [”il]ﬂ 0.6925

v o Lallml ) Q6N072) ~ )

Pin= =
ZIEN,* [Til]a [nil]ﬂ 0.6925

[e.flm)  _ (0.23)x(0:19)C oAlrll

k
pio . =
ZleN{‘ [Til]a [”il]ﬂ 0.6925

‘. [e, fln, P (0:55)x (0.49F 01907

© Yl 06925

1 P <~ a P o
INHANITATUIAZNUIUG K NI@ﬂ']ﬂLaE]ﬂLﬂUIULNQQ n 3J']ﬂ7]f1ﬂ

Fromuuraniliy 0.4566 sesasundeilles m,p waz o fin1NLIAe
\{lu 0.3407, 0.1907 waz 0.0120 muddiu Funaldindieefifidudond
A 7wz 77 geasiilomagnidenunnni

gﬂﬁ 2.14 uanensenay (pie chart) wanpasduiides

< o v LY < (4
QﬂLﬁ@ﬂ'ﬂ']ﬂﬂ’ﬁﬂWUQNIMLUuﬁﬂﬁQULU@iL‘dUW
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AS selection probability

1.20%

(d

LAAYIBUNISIUY

waeaInn1sszmeiilsluu uannisvsUaesillsluulyuuduiiouiiu

wwetpurulusYeaiu sreaunisaslul

T, T, +ZAty, (i, j) € A, (2.8)
k=1

dlo Arf Ao Ysinaillsluuiiun & Udesluuuduieniduiiusiu

mnufm unagly

L@ﬂﬁ?iumu@ﬂﬁﬁiﬂﬁﬁ’lu ﬁ?%iUﬂ?%%ﬂ?ULW@ﬂ?iﬂﬂ‘H? mmu VLﬂJEJumﬂ@lﬁuqiﬂiﬁjﬂi”IS%UQWUﬂﬁ3@'1

laihnsdilaeiioau SnvteiaRlidaulaniom uazdosdrsdaiaudwenenamnaseifina e
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k . . . k.
Ast ={I/C , if edge (z,])belongs toT"; (29)

0, otherwise;

o ¢t Aoarugnavesiad T Agnadrelaeun klagAuanain
HATINUDIAINNENNVBUFUTOUUDITIS TF 91naNA1SUBNLT1318 e 5E

a a v oA v Y d a & 2
AUATNAWINLS Msluuvsududsuvusdufitggnifiuainduauludog

v Y v oA AN P t:’f’ Y o
mumauwaummuun%ﬁiemagﬂmLaaﬂmﬂmulusaumiqum'mmlﬂ

2.5 szuuaraniiauum (Ant'Colony System)
ssuuoanilruungaianResanuIINsEuUse g Dorigo Was Gambardella Tul
a.A. 1997 [8,9] Taessutonaniinumadigandn o M enszuuNmey 3,90 fe
1) Sudwlilunsdmavinusshreusiniednsusideyaiifeuulusey
Aaumnti (exploitation) NARN3152UVLA AIENANITLE DA (selection rule) wuy
Tyad

L3

2) lsliuaggnuassianzuuiiuideniiegluviasiiafign (globat best-so-far tour)
wirihy

3) npseiunRuriudFenta q shiazanilsTiuvesdudomiuniiediu e
alemalunisdismaidunedy

251 24AUIENaUNANURI9aNaSNNTSULBIILANLA
2511 AsEUIUNITASI9ARaU-(Tour Constriction)
luszutmasnilauun Weun & sgililey i fuazidonileednlude

\las j dengaudednuuidiiiien (pseudorandom proportional rule)

esaluil
arg max e {Til [nil]ﬂ}u if g<q,;
= (2.10)
7, otherwise;
o ¢ ﬁac?\"aLuJiejuﬁnszmaﬁaa&i’mﬁﬁ%@ma‘lwﬁw [0,1]

< a o
qo femsfimes Inefl 0<q, <1
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¢ <

@ P t &
J duusignguiionunainnsuanuasaudiesidy
< v '
AUANNTIIN 2.6 (18R o = 1)

P P Y- 3= S 1 I '@ a a ol
namdndenieds freanuunluviiy g unssidionfunieiis
o a =l 174 o 8/ a a _ a ddy 2
fgnanUsuadlsluyuududennazteyadisain Qunsdiunazly
v v v P o v i 1w o
Uselerdanndeyanlaiseuiun) lusaeideamiuuisnduminiy (1 - go)
YNTAITINEUNN NsUSUAWITIERES go YINMALT1E@MNSUSUAY

Y w ° v o A Y a ° i o =
Wutureenisdrsiald Inasyautiuduniuinudineuifiigainunieas

o o ed
#1779MI7DU 9

n. flegen1sAuamAlalssinasduiun iuvesualuszuvauniiay
Un

ag v @ el a 1 A ,
auudlinadan & lussvusrunlindupegMilies i uas
a d
N =tmn,0, p} Inedien ¢ uay nvandudan (i m), G n), (o) wae G,
i p n
p) drundeuiunudarumsalrasszyudaluzufl 2.13 uggimunaliel
Biawviniy 2.0 wag g, TAYIAY 0.9 Maldsu
1 & A a o 1 Pl L a
pvsisiunue & lussuyetandavun viod o iled i wsiuly

1 (-] A o X
Weowne 9 Aumlfanaunisn 2.10 Al

WA arg mAX {r,.,[n,.,]"}=n

> Ealn = (084)%(053)" +(061)x (0.72) +(023)x (019)
' +(055)= (049"

=0.69254
2
pilin = (1 = %)x M = (1 - 0.9)x (O.84)x (0'53) =0.0341
ZIeNf AIAE 0.69254

k T [’7' ]ﬂ
Ph=do+| (- g )x 2
’ ’ Z,E w Tt [’7i1 ]ﬂ

Jx (0.61)x(0.72)

=0.9+|(1-0.9
0.69254

}= 0.9456

. [n.F =(1—0.9)x(0'23)x(0'19)2 —0.0012

E=(1-g,)x
2y =(-a) > e Taltal 0.69254

. AN (0.55)x (0.497
E (g x—relTel _ _(1_g9 =0.0191
pxp ( %)x ZIEN{, T,., [”il]ﬂ ( )X 069254
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° | o a = a
PNUANIAMIUIENUIINA £ Tlenadenidiuluilles n wnfian
9 ' a '
AruANLNzdu 0.9457 sesasunAeilios m,p uaz o NANUINE
vJu 0.0341, 0.0191 wag 0.0012 ANEINU
Funalannelaaniunisalan niinaauRelNy sTuUINtANLe
a P Aa v oA aa a T s o a
flemadendlesniidueuninanmvesilsluuuazAdiiainuiniign
¢ L2 1 . ¢ A 1 ¢
Felusegallfawlns n 849 94.56% Faunnintuseuvuadsilendidan
o Az A '
Woe n 1B 45.66% vdnideswnainngnisidendesuuuln ek

A funasnivestouailaSoutunluseunounth (exploitation)
o ! p

'
CY

nTuues lnsaunsaviuseauanudidglamensiwes g, Jlu

A9V DITLUUDIUNLALLA

] N v o Y ] = = "3 ! ) v ¢ v v
wnastiluenansianulidmsunsldnuienisfinwminiu lleygalihlulgussleviiunisen

lidnsdilagiiadu dnviavnuiilvdaulasiient wagfasdnadadadvesenalsynasaniinisualuly
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2.5.1.2 n1sUfuuseansilsluunuulnavea (Global Pheromone Trail
Update)
a o o
Tuszuueraninauun fuanAfign (the best-so-far ant) Wisedfien
1 & dy v Y oa = @ ' o vy
windunlafueugeliinuiinaasifisluundsainsuudazsouiudla ms
USuugegnnssyivheaunisaelull

;< (1-p)r;+p-AT), VG, j)eT”, (2.11)

y 2
= bs bs
e Az =1/C
lngfl 7% ~fi TasTnTgahualasAuny (best-so-far tour)
Cr* - R ANNEIURWnE 1
=} = g o U L <l
p—, —fp winflwmeddmsudnsnisssmevesiflsluy
fdedanndn Tuaseurunisusuussiflsliunessyuunianilauun v
mMsszmenagmMsyaselsluussgniiulamisidulsues 7wty lily

a 2/

Aunnidulysumdoulussuvun dmiunasiimes p Aszuansiainiy
1 o ! & = a ! < L4 Y

suvNRLYUAY naapalsluungnUdassgnanUiaanaiigsiigm p
daalirlsluulnidudnedesisdmunssmnerilsluuniiasu3uim
Wisluwngndasuiiiy

Dorigo liaevinnisvneass Tagldiasningalusauauddagdu
- . L5 a i e‘ 1 4 ] [
(iteration-best-tour) WnYIIs MR NganAaAuNY- (bestso-far tour) d1msu

¢
= o

nseYIUNITUSUUSH sl wausangdadwmsuigm, TSP auadnfifidiuay

L7 Q

Wedliznn Auamvewiisgavnenlabilanuuanssivediiiuddny us

dmSutgna TSP Al uiaeiu 200 1ieswudnsldiasnangaiiae

1Y & o eda
WUWUIWNaaW5VIﬂﬂ'J'uJ']ﬂ

2.5.1.3 MmyuFuugeansilsluukuulanea (Local Pheromone Trail Update)
wenmilaannnsusulseansillsluuiuulnaueaudn seuuaanilay
undlafinmsiiunsusul e siflsluuwuulanes Feaznseyiviuiivdaind

Aalafusuduntou G) lussninnssuiunisadeaney aeaunis

T, < (1=8)-7;,+& 7, (2.12)

- a
Mo & 0<&<1 uaz 7, Aow1silines
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v
QU o

! Vel | al | A a v vy A
A1v83 7, Qﬂmlwummmﬂu Uﬂ']WIiIiJULiNC‘]uﬂJ@\?LﬁuL‘U@N N9
P
)

) o

naaewuItAfues £ AeAn 0.1 Tuvasfdfifves -, AeAn 1/n-C™
A A o o o & v cal v
e n Aedrwaudioswewadeya TSP uar c™ faannuenivesisilaan
o a d ] val . .
aanaiﬁumimLﬁaumumnawqm (nearest-neighbor algorithm) Wave9nsg
) Y & a 1 Y
YSuugsansillsluunuulaneafe yn 9 Assiuadan@URIUEUZDN (i)

= 174 A 3 [ [ 3 173 d‘ g
J3ureuansHlslan 7, TUEUToNNULONANTIUIUAY AILULEULTDUTUIY
y U

o v 2/ ° [ o A 7 U r q’ L% Q k74 o o
Lfluwmaamsuaaaqmm‘ummau HuRpliuTENenIINTETIEUT B UT

o 1

geldinsgnidiudiuiae Tun1sjiRudaiugaevinlddanesfiulauans

wgAnisalvzindu (stagnation) naAswgAnisainuALAuTIVULEUNY

Wearuyndlunane 9 seunsiueg
2.5.2 UABLMSINTLYBITZUUBIANTANUR
JUNDUNI15UIIUVB VU IR RLLnaR1s5aaSunelanledaneSiiy

Jmeluil

%9407 59A 1S UAY

& = o ' g Py s 1
Tupaui-l. ) | favuseabiilshiu ¢ Ydaamniddeuliannnu 7,
5 d' 1 < | Q' 8/ 2 Q) 3 L

Tupauil-2.  duidenileasusuldtuuaunazdn

Y9N 158TNAINDUYEIE

Tumeufl 3. uasazsudeniiesiveifuaplusieaunis 2.10 0ag 2.6
Tuneuid, < Usudillslunveuduianiisgnalatiunid meaun1suiulss
anslsluunvtlanes (aumsi 2.12)
7] = o s & al L=3 o A 1 < <
upaudl 5. Thgrunaudl 3,8 4 unseRauAnnAuALEIulesrTUY NIl
v o 1 v A [ o a o/ 14 & o 1«
Tupeufl 6. uawiasfuAunduinlliaaIaiuveties nieuviausuaillsluy
v | dw a a 1 v 19
vududeuifuiafuriy deaunisuiudgeansilsluuuuy
=
lamea (aunsh 2.12)

1 o/ } 74 d
s 5Usulssarsitlslvuysduidauuuulnavaa

5 A o 1 s : 1
TYURNBUN 7. ﬂ']u’lm“lﬂ’]ﬂ’]ﬂ'lﬂilEJ'TJ’UB\WI’J%‘UENNG]LLGIE‘?
<

LY

1))
] o Y- | Y| | o salaa < 'y v
Jupeudl 8. UsuAilsluuvudutenneglurininangaireAuny meauns
@ <
Yuugeansillsluuuuulnaven (aunnsil 2.11)

o v P v Wy v el w sdad
YUADUN 9. a1 Uiifj]l:\‘lﬂﬂl‘ﬂﬂ')ﬁﬁﬁ!ﬂ 0ad Iwa\iwaaWﬁﬂaV\'liWﬂWEjﬂaaﬂuq

T v o & o
laistuiy Wdnluvinduneui 3
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2,53 AnreiaumsfifgadesiunsufuugeillsTuulussuveundauun
Mndadedl 25.1 1asnuissuuaandeuunfiaunisiiieatestunis

UuugeilsTuuegfonun 2 aunns tuile aunisufudseansillsluuuuulanea uay

aunsUiuUpansilsluunuuinauea Tasisastieseinadwivesusazaunsieil

2.5.3.1 aumsuFuugeansiflsluunuulanes

a

Tuguunfesiguuuuiaunisd 2.12 def
T (—(l—(f)-rij +&-1,
wanansadagulvilaiduy
Ty € Ty —fr,.j +&-75
Ty < Tyt &(7y —Tij)

1 ¢ 1 1 A =
gewudle | =g AlsTaueghitdapuudadivanniis
7, >4y Alsluuvzanasiume z,

75 < 2o ATHLSITNTUlmen 7,

Aeruiasuliaunisusudsansilsluunuulanea vinlaa il sluugidng

U

1 |9 3 [N 7 Vg | T (=] CV V) 1
A1 7, AFYAMULIININUEARFIU-&E Sgﬂﬂﬂﬂﬂﬁﬂﬂuu{jﬁ]ﬁ!UuﬂUﬂ'} 7y

JU#.2.16 uansiragnnsgiinresilsludluaunisusudgeansilsiuuwuy

U

laroa InefildudssBunianiseauussnt 7, Wuadsauansdienllsluulunsdid

' 1 v o8 a = 1 sl Adday v 1 R
ANNNNNTAAT T, LLa&’Lﬂuau’]NuLLaﬂﬁﬂQﬂquiINu‘LUﬂimﬂuﬂ']u@ﬂﬂ']'lﬂ'] Ty WLNUD

4

Wiatan (seunisandn) wauluailsluuresiududidaduaziduduiRuasgidng
Y o & a1
lUUSSaLAITINARAN 7,
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Local pheromone update

Pheromone Level

199 211 619
A'NA
“I

nuarliasuwdasluaniy

Aflsluuazanadlumen (c)

' < X i 1
erillsluuazduiulumen (c)

faudsaguldhaunisusuupmsiflsluuuuuTnavea vilimilsluugidng
AN (C”‘TI seanuswiiudndiu p seuineailsluudagiuiuen (C”’)'1
U 2.17 uansioganisgiinvesillsliiluaunis uSudgeansillsluuwuy
Tnavea Tnefiduussaunauanaseiuvasen (C”STl udileuansdierilsluuly
enanstifuenansfianulidmiumsldnudiensinuiviby ldougelsiluldsslosddunisd

lidnsdilagiiadu Snrtavnuiilvanulasilon wazdedsnadadadivesenalsynasaninsiiluly
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ada 1 v

‘J ! ' U l i g a !

nsditfeunnndien (€] wandudibuansdeniflsnlunsditidesnite
l ! d ‘o’ ! ! :.II 174

(C”s)' ziuidienan (seunsaut) Wuluarilsluuvesnadudideiuazidu

‘0’ a ! 1 ¢ 1 ]
Ruaggiingidulszdunsdsifonn (C”‘)'

Global pheromone update

>

7> (C¥)!

Pheromone Level

:e‘ir-gl) q
a '*.. . ﬁf« )LL&{&
\ o % ‘ i~ a v
eEANVLR TVl @Ls NAE ey C”S);Q\ ALl LAUYEY
ynduTousiaming mﬂ@mutw@ﬁhﬁﬂi AUl 3 nsdl il

1) t,= (Cbs)_1

! v oA = = o
lunsalileflsluuromnidudensvgnisgaidngatdsanununau

Y

IANNALYN

yilstuulu

nantduanfeiy vilrldiAnanuuanasvesszauilsluulunnazidu
a v o
\wou AIgun 2.18

S a = Yo w v - = LY ' ) v v v
wnansiiiluenansianubidmsunisidanuienisfinyvingy ldeygraliilulddssleviaunism

Lidnsallagnau dnvivhuiilvidaudasion uavdesesdediadiveadenarsynasaninisiluly
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;= (Cb.t )'l

Pheromone

i,

li T
S
RS

N\ / ) QFr
Ay :4"F Ry

~ e
- o 5f o

Iterations

= | aa
U 2.19 veulunvasmlsluunsali 2

dy [ dl Y o U ¥ ﬂl = 1 gj 1 Y o v 6 v ¥
wnanstluenansnanulidmsunisidnuienisfnwvintu ldeyasliluldusslowisnunisen

Lidnsallagnsdu Savaulilvidaudasilon wavdesesdedadivaaenaisynasaninisiluly
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3.1.3 Tawma Interacted Multiple Ant Colonies Optimization (IMACO)
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Max of #distinct solutions found
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An Early Exploratory Method to Avoid Local Minima
in Ant Colony System
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Abstract— Ant colony optimization (ACO) is & famous
techuique for solving the traveling salesman problem (TSP).
However, one of its disadvantages is that it.can be easily trapped
into local optima. Although there is-an attempt hy Ant Colony
System (ACS) to improve the local optima by introducing local
pheromone updatiog rule, the chaace of being trapped into local
optima still persists. This paper prescats.an extension, of ACS
algorithm by modifying the construction solution phase of the
algorithm, the phasc that ants move and build their touxs, for
reducing the duplication of tours produced by ants. This
modification forees ants to_seleet unique path-which has never
visited by other ants in the current-itcration. As a result, the
modificd ACS can explore” more search space than the
conventiopal ACS, The experimental results on five standard
data sets from TSPLIB show. improvements on_both the quality
and the aumber of optimal solutions foanded.

Keywords—ant: colony . optimigation; ant  colony = systent;

traveling sale: probleny; local optima; exploration;

L INTRODUCTION

Ant colony, optimization (ACO)- [1-2]/ /s a  swarm
intelligence that sinmlatcs behavior of ant colony in maturc. It
has ability to find the shortest path between their amthill and a
food source. Ants use indirect communication via a chemical
substance called pheromone. While searching the path from a
nest to a food source, an ant deposits pheromone on.a path that
it moves through. The phcromonc intensity- then aftraces other
ants to follow that path, ACO can be successfully applied 1o
solve compulational problems which can be reduced to find
good path through graphs, ¢.g;, the travelling salcsman problem
(TSP). TSP is a famous NP-hard -combinatdrial optimization
poblem. The goal is to fiud the shortest cyclic  tour that
composes of all cities, each of which is.visited exactly once.

The first ACO algorithmis Ant Systerm (AS); published by
Dorigo ct al. [3]. The major drawback of AS is that it can get
stuck in local optima casily. Therc arc_some.xescarch works
trying lo solve the problem. One of the-mosl successful
solulions is Abt Colony System (ACS) [4]. Although ii has the
local pheromone updatc mechanismi that can decrease the
chance of local optima, ACS is still not perfect. Other rescarch
warks ‘improve the performance. of ACS by iunserting the
exploratory méchanism, Beer et 4l [5] proposed ‘the idea of
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direct interactions between ants by antennation.  When ants
meel al'a node. (hey share infonmnation about the search space.
Malisia and Tizhoosh |6] proposed several extensions of ACS
that based on:the tdea of opposition to increase efficiency of
the solution space.

We propose another modilied version of ACS by adding an
exploratory-mechanism. in the construction solution phase to
improve both the quality and the quantity of good solutions
founded. Since, ACS .ends to favor .exploitation over
exploration, it is likely. that the algorithm will be trapped in to
the local optima. We introduce the exploratory steps that force
ants.to cxpand their scarch space. When an ant selects the next
city to move to, it is forced to'move through a unique edge that
has never visited by any ant. However, the exploratory steps
for each ant are restricted in order to prevent too excessive
dispersion of search that may cause bad quality solutions. The
experimenial results on. five symmetric TSP data sets from
TSPLIB [7] show that our proposed method produces betier
quality of solution and -finds mere oplimal solutions than
conventional ACS and other related methods. The rest of this
paper is- organized _as follows. Scction 2 introduces the
backgronnd of ACS. Scction 3 describes the detail of our
proposed method. -~ The experimmental resulls and the
comparisons with other algorithms are discussed in section 4.
Finally, conclusions are provided in section 5.

0. ACS ALGORITHM

The conventional ACS. algorithm that use to solve the
travcling  salesman problem is cxplained in this section.
Tnitially, m ants arc randomly distributed to » citics. Each ant
creates a lour (a solution of TSP) by selecting the next city to
move with the state transition rule as follow.

When anant &is ata city r, it sclecis the next city s to move
by the following rule.

arg ma {{er )}t if g,
ued, (r)
§= (D
randomly choose from./, (i) s
with probability p,. (».s), otherwise

Where



Jir)  isasetof neighbors of the city  which an
ant £ never moves to

T(r. 4) is an amount of pheromonc on an edge that
connects from city » to city u

T(r. 1)  is a heuristic funiction (inverse of distance) of
ani edge that connects from city r to city u

B is a parameler for bias value of heuristic
function

q is a uniformly distributed random number in.
Tange [0, 1]

o is an exploitation probiability parameter
(0<q2D

In (1), when ¢ < g, ant chooses the next.city by greedy
selection, i.e., it chooses the city that has the largest prodntt
between pheromone amount t and heuristic finction 7.
Otherwise, it randomly clicoses a city from a sct of
neighborhood J(r) with probability function py, as shown in
(2). The city that is connected by an edge with a high level of
pheromone and a short distance will be” more. likely to be
selected,

N Mmoes) P
NP )
P () =35, e} Iein)) @
g, otherwise
‘While an ant builds a-solution (a tour). it.moves through an

cdge and-decreascs: the pheromone Tevel on that edge by the
local updating rule as following,

(r, 8) = (1= p) -3, ) +p.- T (3)

Where: T, _is an initial pheromonc value and p is an
evaporation rate (0 < p < 1). Afier all ants complete (heir tours,
only pheromone on cdges of the global best-so-far tour will be
increased by the following global updating rule,

Tr, 8) & (T =0 - 10s) +0 - At(r, 8) *

YLy, , oif (n$)e globalbest tour

Where BY92 {o otherwise

o isadeposit mle (s <l)
Ley is the Iength of global-best tonr

The steps of ACS algorithm can be summatized inFig 1.

Set parameters, Initialize pheromone
Loop // each loop is called an iteration
Each antis randomly. positioncd.on a starting city
Loop // each loop is called a'step
Each ant sclects the next city by state transition
qule (1} and then applies a Iocal pheromone
updating rule (3)
Until all'ants have built a complete solution
Apply a global pheromone updating rule (4)
“Until {fermination condilion is met

Fig. 1. The procedure of ACS algorithm
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I, THE PROPOSED METHOD

In ACS, there arc two main factors on an edge that artract
ants to move through. The first factor is the distance of an
edge. It'is hard to improve this factor since the distance of an
edge is constani. Another factoris the plieromone level of an
edge: The pheromone. level is decreased when an edge is
visited by an anf and increased when an edge belongs fo the
cunent global best-so-far tour. In the early iteration, the global
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