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ACO with Pheromone Update by Negative Feedback Can Solve CSPs
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To solve large-scale constraint satisfaction problems, ant colony optimization (ACO) has recently been drawing
attentions. In algorithms based on ACO, candidate assignments are constructed by taking account of pheromone
trails, which are updated based on a candidate assignment with the least number of constraint violations. In this
paper, we propose an ACO model with dual pheromone trails: usual pheromone trails and another pheromone
trails. Another pheromone trails are updated based on a candidate assignment with the largest number of con-
straint violations. Also, usual pheromone trails are updated by considering another pheromone trails as well. We
demonstrated that our model, which is applied to the cunning ant system, can be effective than other ACO-based

methods for large-scale and hard graph coloring problems whose instance appears in the phase trainsiton region.
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3T 5.
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Fan=—fi#lk (ACO) I, HORETEHIZEITS 7 =
HEYIIa=r—vaviET MLz ARa—YRXT+
2 A TdH 5 [Dorigo 96, Dorigo 99]. BiFEMFUZ B 1T 5 ILAH
EROTDE, 7zRHEVEEL UV ORFEFTHES. BITIX
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2.3 cunning Ant System

ACO 7TV XLD 1 DTHS cunning Ant System (cAS)
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5. BATIT, fipdi A DER x; IZHIHETOHNDMHEELTo
MWERTINDMER pa(< zj,v >) ZRT.
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1
conf(Apest)’

AT _ { o (7’7.7) S Abest

otherwise
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RO TLED LW RENETFTSNE, ZDLkS5AXK
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W5, F X NAZEBUIC DO WTIRIEREI AL TR bW
&, cAS IFEERIZhN L HEZEMMTE 5.
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%) 7x0EVT T TITMAT, AR RER 2 W T
FHINLEZ7z0ETV I T77 (RETIRZO7z0EY TS
T CIHT 4T T 2AEYT T 77 LIRER) ZEERIZAWDS
ACO ETNVERET D, AREEETIVDOIHARGEHILATD 2
HTH5.

o BARUTEIY T HEEZHEINT HHITIE, kD ACO ®
TV R, HHGEN EBHEDO T ATV T T TDA
EBEIZT 5.

o WED T zUEVI I 7 EFEHTHEICIK, EFHNTHE
5 &S W RER 7S TR, 2 T4 T 7 zaEY
T T7EBEIT 5.

3.2 7ZILTYXL

AR T, 2.3 HiTHRAz cAS ITIREETF LV 2HEM L=
TATY ZLERETILITY XL E L, ADUPT (Ant with
DUal Pheromone Trails) & IER. ADUPT OFfi & A3 112
RUTzZ cAS DT E L BB 5, “2HT4 7 7za®y S
STDHEE & SEEDTTHEVT I TOEE TH5D.

¥, AATAT T ORI T TOEFIIOVTHIAT 5.
AHETCHNE RN T4 7 7c0® VT 71%, @EO7 oA
TV T7LRAILHEETHL. £, AT T T7zuEy S
5 7 IZEMN THE S S AR MR I W T HF I N5,
UFiZAxHTF4 772075 70HEGN%ERT.

N7(i,5) = (1= p) x N(i,j) + ANT
ANT = { Conf(Aworst), (Z,]) S Aworst

0, otherwise
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LTV, @EOT7zaEVZ I 70OEE (X2) LT
5y, IR WEEGZ A WS Z L oftuz, “7zrE
VOERR DBEB->TWS. RO 7 v v OEREDI R
BRI DHIRE K BDOWTH 572D LT, 2 HT1 77
UE Y OFERBIIMBEMOGIKEKBETDOEDLET S, Zh
&, FHIDME RS A ERT 57200 T4 T 7 2
EVIZBEWT, HIREKENS W REE IR ESE L D fifED
HW-DThS.

WIZ, WEDOT7zOEY T T TOEBFZOWTHHTS.
KD ACO 7NV XALTIE, b iHlidmWiEic & En
LETOMEDHERTIZONVWT, 7z 0EVDOEMEIZ—ET
Hotz (R2). KWETIX, 2 AT 7 70T VHELH
FoTW5s, Db, EMELREYTIZONWT, @FED7H
EVOEMMEBE/NIL TS, 2Tk, MREARERY THHE
RIJIZERIN DS R eEZ N5, LNIGEFED7 0
EVOEHNERT.

(3)

7(i,7) = (1 — p) x 7(3,7) + AT

1 ..
AT = { conf(Apest) x U}(’L,]),
0,

(4)
(1,7) € Apest
otherwise
22T, wi,j) A T4 77 caE VR N7(i,j) IT&k>T
REINDEMEUCH S, 72720 w(i,j) OMHEIE, ET3
FHTF4772aEyOEN EFRMIZEWIEY 0128\ b
D, FRMEISEIFEE 1ITEWMiEZz 220D T 5.
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4.1 EERFEH

BETIVIY) ZALTHS ADUPT OEMEZ KT DIZ,
FMMiFEER % TR 572, 22 Tld, ADUPT (HERFHETH B
cAS Z KT 5. AREBRTIXEAI n =100 TH 5 3COL 1
VARV A%, HIKEE d =20~ 3.0 OHPT 0.1 EIZ 11
DI —2ZH LT, ThENT VX L2100 BER L. 2
TR U ZRMIBIE 2 THNTFAET 5. AL &Iz DOV
T, TNENS [T ORITETR o7z, KERDNT A—X
1, BOBE 100, O RAHAEE 2000, 7zHEVOE
Ao =50, FlHERKDOEM B =100, 7THOEDERHKR
p=0.01& U7 £7z, w(i,j) ZRET 272012, M21TRT
ANRZ—VOEBERWS. TNFNOEBE MW ADUPT
EFNEFN, ADUPTO ~ ADUPT3 34 5%. ZNnsDFIEIZ
DWT, BARD 2 H&LIRL 7-.

o HEREIIK: ADHITHIZ HO B HINF L2 FRT
E 7T

o R A RMEEFER T D F TITAER L 7= e
D

B, EBIZIE PC/AT H (CPU: Intel Core i7 880
3.07GHz, RAM: 4GByte) &L, 7B 277 LIFFTART
Java SrECatib U 7=.
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LEE o TV, £z, TOBBHINROEL, HIREEHN
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AR 30% TH O, mRKEHmoTWVD.
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v, ADUPTO DRI A NI cAS IFE AL ENZ . X
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BRI A N TERRTETWS., ZOBRIZA MDEF, M
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DA VARV AIZDWTIH, ADUPT1, ADUPT2, ADUPT3
1% cAS DRPLED DR IA N TREFERTETWS. 22T,
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BREOIANDEIIEIZILN>TWL Elbnb.

4.3 E®E
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7T BRWhreHEZ SN, — T, ADUPT1, ADUPT2,
ADUPT3 1%, fRIZHIET 2 7 20 E » OEGHRZIZEANL T
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I, BIZHA SNBSS ER I NPT < Lo T
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M6ix, M5 AURTIZOVWTCHELEZLDTHS. /-
72U, M ORIT TRRTELBOERY TITET 5 «
FHT 477 zHEY OED, RTOEYTUIHIET 34
F4 77 zaEVORIZEDDEETHD. AR LIED, F
HT 4 77 =0 VIFEFMATH S FEM AR RER 2D W
TEHIND., TD=d, RIZIET IR AT 7 7z0EY
BOHENEF LTV WD Z 2k, &b AR e
M, BICHRINSMBIIIGT E2HYTELZLEATHVSL LN

SZeTHBEEbNE. DF 0, LHHNOMERMEED, M
WWEDWT W e EX 6N, INIET 2324574770
EVEDEEZIZOWT, ADUPTO 238 &% 90 R ETIFL
A EEPRVWDIZHR LT, ADUPT1, ADUPT2, ADUPT3
B2 IZERLTWS., ZOfEN» S, ADUPT1, ADUPT2,
ADUPT3 ZEMEEMRITEDNT WS EBbns, fEHe
LT, ADUPT1, ADUPT2, ADUPT3 i&f#% X b R LT
(o TWVWBDTIEHBEVWREEZLND.

5. &bHYIC

AWIZETIE, KRB CSP 28R LB oD TEke L
T, HHFREEO 7 cnE v EHAVS ACO ETVERELL
AETFIIE, RO ACO 7IVITY XLATHWONE 7 2 HE
VERFEHT BRI, ARG P T i ST AT AR TS
HOWTHHINEH -7z 0T 2HANWEEDTHS. 12
KETINE cAS 2 \WH ACO 7TV XML, B—0D
TIOEVDOAREHND cAS L FHRINZ LKA TR o7, 5
BROFERN? S, IBEETNOEMEEZ R L. SHOMEEE L
T, DA X a—Y AT 4 7 AL DR, i CSP ~D
HEHRETSNS.
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