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ojday), Bby B4 Fol ofd Jv FAd Aad duZor HYE Fae @Ye ANTCOL ¥x2lES A718ha, ANTCOLS #43s7] 4
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A Effective Ant Colony Algorithm applied to
the Graph Coloring Problem

SangHuck Ahn'- SeungGwan Lee' - TaeChoong Chung'?

ABSTRACT

Ant Colony System(ACS) Algorithm is new meta-heuristic for hard combinational optimization problem. It is a population-based approach
that uses exploitation of positive feedback as well as greedy search. Recently, various methods and solutions are proposed to solve optimal
solution of graph coloring problem that assign to color for adjacency node(v;, v;) that they has not same color. In this paper introducing
ANTCOL Algorithm that is method to solve solution by Ant Colony System algorithm that is not method that it is known well as solution
of existent graph coloring problem. After introducing ACS algorithm and Assignment Type Problem, show the way how to apply ACS to solve
ATP. And compare graph coloring result and execution time when use existent generating functions(ANT_Random, ANT_LF, ANT_SL,
ANT_DSATUR, ANT_RLF method) with ANT_XRLF method that use XRLF that apply Randomize to RLF to solve ANTCOL. Also compare
graph coloring result and execution time when use method to add re-search to ANT_XRLF(ANT_XRLF _R) with existent generating functions.
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A e R B B -‘rxﬂi Ed89 gz 28 2x9 3
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21 :a“n iI-AH :’xﬂ
dutdog JYPZ G=(V, E)olA (=89 FE V=

{v;, =, vw}, FAES RS E={e;jl I an edge between v;
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e

arg max {[e(r, 01 - [9(,W)*} ifq<q
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@ [0,114019) g2 AXE AR, S= Ba@) HolA F
o7 HERTol weh AYE FAY AR golth o
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dals 712 A AswRe 29, AFEEREE o
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(r,s)—(1—a) - (7, s) + a- dc(r, s) (4)

(L)Y if(r,s) € global _best_ towr

where dv(r, s) = .
otherwise
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Mrs=1Vv, v;] € E; (4254 %¢& *= trail 278}
fr=o (A xu A Ao ALGE M9 F)
For ncycles =1 to ncyclesme do { // A4 g8 34
AIMrs=0; Vv, vl € E;
For a=1 to nants dol // nants : AL&¥ = & 7o) &
oz A4 (44 &5 A - (A)
Y/ q: AR 4R FER Ao £
Ifg<f’ thens =V, Vo), f =q;
dMrs=AdMrs+1/q v, vd € E;{v, v} <V}, j=1,q
Mrs = p -Mrs+ dMrs Vv, v €E;
}
Research and local Search(proposal) - (B

ANTCOL ¢ne|FoA ‘af= (Y& ALE)-(A)
Hio] AlgE= A4 4o+ Random, Largest First(LF)
(8], Smallest Last(SL)[9], DSATURIIC], Recursive Largest
First(RLF){1115 /A7 J& Al2glel] 283 ANT Random,
ANT_LF, ANT _SL, ANT_DSATUR, ANT RLF %o} ¢
t}. Costa and Hertz(1997)[8]+= o]® o B 45 A
£33 A4 Auel A Azkg wiustd:, ANT_RLFE -
RSS2 Aot b 2858 BYY 495 EHEE
™ ANT Random& AH83F - dd Ajzto] 7p3 ZSA
gk 2N dabs 7HE 22X ¥tk ANT_RLFE 283 4
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SHT Agazte] e = A& HAvh 1L olfE 1
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gl B E=FdAE ANT RLFY EA4& #dsin
£ 8438 ANT_XRLFE Atsta, o1 A9

3. mHioh Alg

3.1 XRLF In ANTCOL(ANT_XRLF)

durHo g RRYsE ded FEag A4 AE @
FA1717] A A AR B AF Agso] gk MAl
ofol A& AMFA &1 FHARZ A ofo|ETS A
a7 wEel AAse olojde] FUt Folg7] WEd
A Azre]l ©5d & glvholgA FA9SE AL
A4 TS 95 A+ Aok AZ2E Johnson(1991)
(1215 4Rtz &4dA ALg=+= RLFo] F39istE 3
£33 "hd(eXtended RLF : XRLF)S Aj¢t@itt. Johnsone]
A XRLFE= Uub3 el RLFAIA Aulsz e o}o
gt FAAE dgste AUtk B =86
aR= FAe) A P Johnson®l XRLFE
Al Jd Az Ags) oz FY FAE SAdse

ANT_XRLF9] ¢ndE9
#r}

HA 4z A JFY Vi={V, -, Vil 2
2E(Candidate List : CL)Z AAslz, 2 & 3k}
s,

Z} 38 ZAEEL XRLFE 53 4ddsd, 4 84
gAlA, do] wWidHX ¥ w2 F AR F T F ¢
' =29 HARA wollX 93 4(Candidate Size : CSize)
T FAARE Mol AHAX %L =E2ES AEsia, I
oA & Pyt Hdd =eE F45t ANT _XRLFE
ANT RLF&t 22| A4 £r ARH9L g A43i=
AR == F)elA AT T =28 FA92 H9
ste] HAE woo] TR S 278 E9ch ANT_XRLF
o AN LuYEL <F 2>9 Zoh

32 XRLF % ™ ZH4(Re-Seach)

ANT_XRLFIAE AA 34 A vty FHREE
A F(CSize)vtd F2H 2 Agsloz agxo) A F
d == 7 A& Ae A4 Ayt 92 YAE5E A
48 ARt X gvt whA F4 Ao AAE 98
dA s NEIEA Y =28 sy, g
=89 [P #L HoE st & MoF Adg
RESE gol FA0E FqARE 29 F Y& Rolth

ANT XRLFE AH8-3 &4 A Mg s 7239
32 olg3le B5% AANez FAg AA =g
AN gt

(& 2> ANT_XRLF

q=0,;// AHEHE N9 §
W=V, 84 Ho] HAHA F2 A4 7M5 x=
k=0;// 398 ==
while k < [V}
k=k+1; g=q+1;
B=g,;// @A Aol A=A ¢4 &M ErMs =&
select first vertex v randomly in W
Vo={v};
// Nov) 1 22 vol 9428 BE =& pee g W
while W / (N,(w)U{v}) 2 {
k=k+1; B=BUN,W); W=W/(Ny)U{v)
CL= @ ;
/(o] MIAXA & FM Jtext F FH xEE)
if IW|2=CSize {
for i = 1 to CSize
select randomly v, €W
CL = CLU{uwo} }
else CL = CLUW
Choose v € CL Pit(k, v)
with 7 1(slk-1], v) = c o(slk-11,v,q) and 7= degsv) ;
// degwlv) : Nu(w)&] 7§,
Ve=V,Ulv};
W= BUN,v),

o7 A J5E ==EL FAdA 7
%% S ANT_XRLF_Rol2}x A|¢tsict,

ANT_XRLF_Re] #74-& AHeofdl2w g3 2

wA 4 AFes FA5e A7) ¢og AFEsa st
A e A4 A F oA Fe A AV, Vg
Adstn, A AA A JE (V)m 5 s 2 3t
EAH(V) S &3t A2 4 e wEn a4de
sT gk E(VHE 28 == A7 V) ulRels a4
e Agolg 8t fl)E j=1to k9 A% E(V)Y =
=5 A5 Feldtn A, f(9)d e AY HAE
af Mg} f(s)=00l" FHA wTEo Aol FET

Z AEY FN == JF Ve AgE f(s) >00]
gl Zra7t gl Zolng A2 st Fe A
9 A 7 e Adstn Z2& wPes wEsit
Y gg Aztow g weso AM u, g
2 FA A3 =SES AFY od ZFahse
tg 7ld & ¢ givh

ANT XRLF Re AA L1ugEd <F 3>y gow,
ANTCOL A# di2]E F-489 Research and local Search
(proposal) - (B)oll F7+€t},

aga 22 A
ol

24 o,

lo

MR o o
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[ 1o

HZ2

e
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E& Costa and Hertz(1997)[8]1¢] =4 Az € A
g Azta v wEy] Yated B3 M4E FdaA 23
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= (Candidate List)®] Z7|(CSize)| @& A%& vla H7}
Ea =

{& 3> ANT_XRLF_R

Research (V, E, i, {(Vi, -, Vi})
do {
Sort Vas | Vil =
k=1i-1
forj=1tok
V=V,
s =AV,, -, ViU V)
Local Search(k, s)
if f(s) = 0 then
forj=1tok;
= vy
i=k
} while f(s) = 0

[Val 2 - 2 Vil 2V,

Local Search(k, s)
NImprove = 0 // NImprove : W4 ==
while (f(s) > 0 and NImprove < NImplter) {
// NImplter : ¥t& 4
make all possible attempts to switch v to

different color -(1)
}

if (1) success then Nolmprove = 0
else Nolmprove = Nolmprove +1

SH0l Mg su™2l Ant Colony AlgorithmOil 28t 015 295

& g He FA £82 Z4stn I thgo]l ANT _XRLF
g A8% Ayt A3 Yz EY AdE 7Y 1
HEZA AEPE W9t vl@7IAE ANT_XRLF_RE A4
A% 71 AL 2 2 ZAsta o vhgo] ANT_XRLF
g A8 73%%14 <E 6> FHAH3 1YLEEL A
=d 49 F APALE 1oFa 9ok A48 RE HF

3 g = AgPAztel 4 HA 2 AL ANT_XRLF
& AMgE A$-9a 1 vhge] ANT_XRLF_R%th. ANT RLF,
ANT_XRLF, ANT_XRLF RE A% 33 gzt
24 ANEE AR, AP F71 At ANT XRLF R
o] ©4=% ANT_XRLFREUT A HAAAAE F71¢ o] F2
APA L F 0% QAT F4 2ot £23E BAE
t}, % ANT_XRLF_Re] ANT_RLFHEU} 4 gA|7HE o]
gl 24 A AME AE BoFE Folh

(E 4 P9 D= E0o| 2AMAT Hiw(color number)

Gn, 05 (nants) | ANT RLF | ANT XRLF| ANT XRLF R
G100 (100 154 16.6 153
G300 (100) 36.3 383 358
G500 (100) 56 526 525
G100 (300 15.2 16.2 151
G300 (300) 357 382 3.1

o 123 TYE Gn p)t nlY BB, xEF Alo]d] 1t
Mol YA & p2 EAste 1dEn, A4 Azt
2 AFHY CPU second A} AT I Al
o8l Py, ProllA AME3l= B4ER 747 fi2=4, p-=
0.5, nants € {100, 300}, CSize =322 A3 A,

e “Michael Trick's Graph Coloring Instances” Z#8]Z &

2 49

« LEI : Leighton Graphs(Leighton, 1979)

e MYC : Graphs based on Mycielski transformation
(Michael Trick)

» REG : Graphs based on register allocation for variables
in real code(Gary Lewandowski)

* SGB : Graph from Donald Knuth's Stanford Graph
Base

LEl= 24 $7} 5~250|3, =23 FF A7t 11~77
91 25709 150-2= ZEfE e} 12709 450-k=9] 1Y EE
o] Z A Utk MYCS REGE 24zt 5709 14709 & &
X HA st AHgEE 22 E Hitolth

41 M4 ol mE NS HI)
<E 4>E RAY YL 3 5§ BeAFR 9o,
<E 5> HHE adzge] A4 £8 HolFy ok ¥
29 1@ zelA UM @ ANT_XRLE_RE A8 7

(E 5 2 Ji=Z9| XA 3 H|m(color number)

name | ANT_RLF ANT_XRLF ANT XRLF_R
LEI 183 178 169
MYC 60 60 60
REG 379 378 374
| scB 311 320 %
(E 6y 2N J|=E0| MSA|ZF H|W(second)

rame ANTRLF | ANT XRLF | ANT_XRLFR
LEI 2150 1052 1456
MYC 047 0.24 031
REG 1656 893 1285
SGB 1.05 045 062

42 B8 2AE 37|(CSize)el Hslol w2 Ms o}

dutd o g XRLFoA = ZFHIYAEY FA7IE 302 11
Asto] YA B FINE FH Y2E A27)(CSize)
o WE A% #rte e Adsgn, 2AY 19 G
(n,p)® WL ZHEL p=05, n=1{100, 300}, nants = 30022
238t FH ZAE(CL)Y A7) CSize=1{2,3,4,5,6,7,8,
9z A¥d AR (19 DA BelFm Uk 19e A
B B3 (CSize=3)2 oo Ay Ax G100(300), G300(300)
o A ANGU5L, BDE 71FoR s} wLaP o
CSize7t 52 799 HMAH7} 7Hg 288 2 4 Aok

U ofr
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5. Conclusion
2 =2dAE oYz 4 FAE Aoz, v He
Al2ads olg o|&3ly gz M FEA9 e Tk

ANTCOLE &/stdch. g1 7]& ANTCOLY AN &
F5 5 7H4 Z3Folzl= ANT_RLFS A12 Aloksh ANT_
XRLF ¥ ANT_XRLF_RE A& A% 24 Az o
A AHE vns g ANT_XRLF RE AHE& 3% 7]
Z9] ANT_RLFRU}E= ﬂsgf\lﬂ““ oilgt &M AR 7Y
AEe 39 &3 dFdAEZE 243 ANTCOL A 9)
A% Moyt W ol vhE = A4 duEE
E79 4 A F A A HRE F3F AovhEg
02 Feo ATPAA Y HE JtsodFel Al ts 4
T3tojol & Aeolr}

40
35 Wﬂ\.
30 —e— G100(300) |—
£ —8— G300(300)
= 25
5
S 20
&) e
15 A — e —— *
10 ; . . . R
2 3 4 5 6 7 8 9
CSize

(22! 1) CSizeol| (}2 ZAHZ4T} H| W
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