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Summary

A fuzzy constraint satisfaction problem (FCSP) is an extension of the classical CSP, a powerful

tool for modeling various problems based on constraints among variables. Basically, the algorithms for
solving CSPs are classified into two categories: the systematic search (complete methods based on search
trees) and the local search (approximate methods based on iterative improvement). Both have merits and
demerits. Recently, much attention has been paid to hybrid methods for integrating both merits to solve
CSPs efficiently, but no such attempt has been made so far for solving FCSPs.

In this paper, we present a hybrid, approximate method for solving FCSPs. The method, called
the Spread-Repair-Shrink (SRS) algorithm, combines a systematic search with the Spread-Repair (SR)
algorithm, a local search method recently developed by the authors. The SRS algorithm spreads (or expands)
and shrinks a set of search trees in order to repair constraints locally until, finally, the satisfaction degree
of the worst constraints (which are the roots of the trees) is improved. We empirically show that SRS
outperforms the SR algorithm as well as the well-known methods such as Forward Checking and Fuzzy

GENET, when the size of the problems is sufficiently large.
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FHARERE SR ORI IEG U CTHREMIZE AT 5 Z L1
BET SRV LU DEkA R FEERMEL, %<
DG B EN R T A5 5N D & S WF5E
Do TETZ., CSP Offikl LTKREL 22, HimH
PRIEHEIS T OBRILEIC TS RMAOAERIE L, %
IRIEERY COBRAEBIZILS  JHPTRR e 2= MiER
BERBHL. ZHET, ZNDOFETHNEICREES &
FTEen, EEMEEZRNHME LIS T Y v R
FUEPRR 4L [Jussien 02], YA OV (2 O
AAAT-2000 IZHBWTRE SN2 LOUETTH 5).

—7Ji, CSP OEAMMEIIHEMEDER A KT 5
TF=2bHHT s, BT LLIMTTUEDORNY T
72 Hil%) 2 CSP IZH A L7=€7 /L [Bistarelli 03] (2>
WTHBIIERZRSINTETND. 77 V1 filk 7 e MM
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1277 ¥ 4 CSP i TeDITIRESNIZFIETH LM,
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B H1 5 H CMMR & T 7 S LT RFTERRIED
—HETHY, FRPTRIRIEHO I & o THERIZEES
LT NAYALTHL. WHISTHIAHENAIRETHD Z &,
7'u 7T KHSH N TR T 2 EORRA B D I,
BIEE[DOPEETH D Z &0, BURITDD 5 R 23
RKEVWEWVSTZREDHD.

§3 NA Ty FIER

kD CSPIZBT 54 7 U v FFEDOHIZRIZR
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DEX] DI RAHIERR 2 N D
WU K RFTHERSRE O RFO KB /e M~ D
BEL, SRFMRRIEDOR AN L W) ENEID R
ZEDLIITENTINEEIC R L. TFETEIATF Y a—
Vo TEDA R — g R U —FIZET HH9E T
AT Yy RFREICET 478 [Lim 04] 289 5. 77
YA CSPIZBHT 2 A 7V v FREDOHIFETIE, BI5H
FATY R (GA) & RIS DR~ (L2 U
V77— A ) OO [Bowen 96] 28& %73, [Wong
98] ™ X 9 22 UK 22 RFTHIGRR DR Z B2 5 b DTl
. E72, GA RS OTRATRELITEAT, 22
TT A7V y RRELIIDABEND Z b, K
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—EOREA~OF R ZEET 2 Z L IZ k> TRattzr betd
ZEbTED



‘closed
[0] :open
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3:2 SRS7/INTYXL

A TIET 72 4 CSP BRI Tod DA T
U v R72Fik, Spread-Repair-Shrink(SRS) 742U X
LERET D, ARNMIEIIATHIO 3 D HOB 2 HIT
PITWBHR, ZO LT bE ST,

o BIR%ZIE L CRFTHIER 21TV, —EOBRKRLEL

JRIFTHNC KIS 2 72 DI RTARE 2 WV D

LW BXINREIK L 2> TND.
§1 EKRWMLBME

(5) ROEFZLY, 77 ¥ 1 CSPIXEEDO T E D
Kb BWIBI% & 9% . Spread-Repair(SR) 7 /43U X
MIRBOFRREZ bOHIK ¢ OLFELHVIEL, FH
AT R IR BB L2 3 U T BB ORI & 7 O I IRET 5
(Spread LWES) Z &2 K0 Rz $00 3R PTHITR R
TNIYXANTHD. ZOFEORMIL, o ZdHELT
W EBFRIZRWT, B TORIKIFE R E D)

che = % Z,LLRk (U[Sk]) (6)
k=1

HREIFFICHEINEE S 2 N TELRTHDH. BUEMEL
LT, ‘FHNRFTRELZBET 25 2 &3 TRFIZE
D, ZHETOL L OIFE TSR L 28> Tn
% [Ruttkay 94, Meseguer 97, Kanada 95].

SRS 7A=Y X%, SRT7AI Y XLIEIT HikE
KROPLIROBRA U 5 WER A E %2, —FOWRA%E
HW o= iy7 3y 7 v F w7 (SRS IZEBWTIE Shrink
LRES) 4TS Z LI 0ambI L, FHRRAR oD A 2 8L
TEHT7NAY AL THS. SR Tl ZHEKLE LTH-
TV, —RIC ¢ IFEEBAF(EL, SRS IZEN 6 2R
LT DEBOWREAR (BR) 2 W77 70 L ThliEd
DV N S/ D BIRFORIK ZdE LoD, KM
W R_RTCDOF2WBEL LD &T5. EAMERS 7 78
KTEL BN S open/closed V A FE W=7 L=
ADZHEASNTEY, UFTRTEARNZR 3 SOEF—F
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ZEO X RS HRBEAT .
§2 Repair

BREARD / — RiTiHEE L TEBY, TR, open
7> closed >DWTNHT, FEiLEH L open U A k& closed
U A MM STV D, open / — RITJRFTA k&%
RAHLIELTVDE = FTHY, Ko/ — ROk
BOEDEEITIRS> TS, ZOMOKN ) — RROAK
DOIEf& S — DA Tid closed / — K TH Y, FFMIIC
WERAETHDLZ ENEMTHD / — R TH D (M2).
Repair ®E— Rl open / — KD 5 HD 12 (BLF node &
Fil, ST oM E—MiEE RS 2 &< ¢ &T2)
WZEH L, §ilf) co ZBGEFRENE )22 F =y 7 L, FAIEET
HIUTFEBICUEETTH. 2 2 THIK cg D (Repair)
BUTOEIITERTS.

[EF%& 1] (Repair) #iH Sy 0DEFRTHDH 120K
BAOELTEEFL, cg DRRLEEZFDD.

select v’

subject to puRq(v'[So]) > uRo(v[So])

VITBIEOFIY T, o IZIEEZOFIETTHD. 5L,
FOXOREETY 21 OWRET S (REEZEMIZE T 5
IEHEERET D) 56, EEROBEMNOMENDEKRT
RTINS b DERINT 5 Z ENEE LW, T
TY RLOHEEERE LR\ DI Z 2 CTiEhem e+
f#& & LT Repair ZE#& L7, LLFICW L D FEEEH]
ERT

B LW E co, £ OUTEE (ZAUCHEE L7-H1K)
1,0, ET D RRBERRE XL, EFHOR R
EETFL2E%L g DRREEZRRILTLHZLTH
L., ZOT NI XA h%E SRS & FES.

maxmize pRo(v'[So])
subject to pRo(v'[So]) > puRo(v[So])
pR;i(v'[S;]) > pRi(v[S]),1 <i<m

L 2Dk 5 s R b = LIy 7 <, 7=
HELRPTREIZHBAEE™ITEAETHD. SRS 1T
FERNEIEF T T LY RABEL LFORIELE LI
DI, FROEITIENLETH 5.

WIZ, SRTHWTWEEX &Rt vy oy
SHEES IR N E BT 5 2 L0 s, RFTRIRSEICR VLT
bER/NORBEEZ AT 25D THY, SRS2 LS.

1 y . / .
maxmize Ogrzzgnm(uRz(v [Si]))
subject to pRo(v'[So]) > uRo(v[So))

SRS2 TRt S 2 ROD L LREETH Y, £
OFER: co DUGENPEX D RERm & 725, Lo L TR

*2 T Y XLOEIEMEIZE LT, SRS ITEMKAEMETH D
o FEIET %5, SRS2, SRS3 I3V 57 &E IV T
Ao B FTREMED B B
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TIX SRS2 1 SRS1 LV &EOENKIEIZH L9562 &
DHERTE TN D.

BARIZ ¢; OFEREED Croin(v) £V /INE T2 B 72 VA
T b co DFEREDHMNT 5 X 5 72 0" 2335 SRS3
T

maxmize pRo(v'[So])
subject to .Ro(v'[So]) > pRo(v[So])
pRi(vV'[Si]) = Crain(v),1 <i<m

TSR Clx SRS3 Tik SRS2 & [RIZLL_EOfiED'E 735
LD I ENHERETETVD.

ORI ESERBXHEWHAT L ENTED
2, TR HIIRBEOHERLCRNFIC L > TEWDIT 5 Z
EMEFELV. 72EL, 4 EOFEERDT X RTEIC
BWCIE, ROE LEHERE, FEOa R MVENLRE
BN TV D LT L7z SRS3 # VT 5.

§3 Spread

SRS IZBWT, BE DV T TIRET VA A LITE
F5ERE — NS T 200, 1 EBHOEY TEFIZ
Ko TRFMMICSEEFRE TH 2K ER T/ — R Th 5.
SRS IF ¢* Zeg#ETX W& XIT, ZOEFOHIKIOL
BEBRVIRTZLICE T, ZOEEE & ITEHIE
T ZWETEHLRBICBITSE LS ER-B D, 20
JAID OTRFEFRIZ IV TIRE A Z i E (Spread) €5
D Spread £— K TH Y, open / — K node #Y3ET
ERNEEITENE closed /— RE L, ZHICHEETD
open Tb closed TH2\W/ — R&#H7/IZ open / —
EL, b % node DF 7 — K& L CTREARICAHMT
5. bbb, TS T 7BRETAVITY XATELM
b5 node DEFEIESTH S (X 2).

§4 Shrink

HDHHF (/— F) BN GE, TAITY XA
i% Shrink € — RIZEI 0 Brb v, wETREAMAEEZ KO
RTH D c* ITUST D 7 DITAKE G/ (Shrink) S+ 5.
node %% O (parent) / — RIZE XMz, ¥i7-7% node
D/ — Kix 92T open/closed U A b2 HHIBRL, FF
JFE9IZ Shrink #179. SR 72 Y XA TiX Spread L
e, BOL bADELIZ root(T7ebb ) hHlEE
A B5, SRS TlE node DEDEBEHNRE -k
SHAH7=DIZ Spread L TE 7R Z A & L CEIM
CREE LTS (2).

§5 SRS 7/ TUXL

3IZSRS 7Y RA%ERT. open, closed IFNA
FrdEtr (U A b)) &L, EHREoBMNEBLOHIBRICRE YT
®ICHERD 22—V AT 4y 7 2 AW TE DA Z R E
4 %. parent, children, descendants IZEERAIZIIT S
SIS T 28, F, FREERT. DTN FhE o
AT

*3 7272 LIEHEE L L CiT expand TiE7e< spread & 95

Function SRS(constraints C)
{input C: a set of the worst constraints}
closed — ¢.
open « C.
While C # ¢ and open # ¢ do
node « the first element of open.
open « open \ node.
If not Repair(node) then
Spread()
Else if node € C then
C « C\ {node}.
Else if Repair(the parent of node) then
Shrink( )
Else
Spread()
End if
Sort open by heuristic h().
End while
If C = ¢ then return TRUE
Else return FALSE
End function

Procedure Spread( )

closed « closed U node.

open « open U neighbors(node) \ closed.
End procedure

Procedure Shrink( )
node < parent of node.
open «— open \ the descendants of node.
closed « closed \ descendants of node.
If node € C then
C « C\ {node}.
Else
open « open U node.
If Repair(the parent of node) then Shrink( )
End if
End procedure

Function Repair(constraint c)
Try to repair c.
If repaired then
return TRUE
Else
return FALSE
End if
End function

Begin program
Do while SRS(worst constraints).
End program

3 SRS 7= U XL

o AA LTS T AL, & DEAC ERD LK
SRS(C) #MEUME & v 5 LB % SRS 7% FALSE %
W THY KT

o BX SRS(C) 1%, ¢ OES C 2%ITHY, T TIZ
BT E 2 FHIZESWT Spread(), Repair(node),
Shrink() O&Ff & Z@ENFFOH L THlEL, C
DF R THRYFETE72H TRUE KL, RILLEZD
FALSE %9

o T & Spread() 1% Spread £— RIZAV, EFEAD
JEEETT .

o Ffi X Shrink() 1 Shrink €— FIZAY, BEHEARD
M/ EAT 9. FIRIIC node DBL/ — K TH HHIK
DHHEERSD.

o Ffii X Repair(c) 1%, #il#) c @ Repair 2784 %5.
D9 #UE TRUE, & 7207 1UIF FALSE 23K
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® 2 R (1): MOBEICHET %R
Algorithms || d t=0.2 t=04 t=0.6 t=0.8 ratio
Cmin Cave | Cmin Cave | Cmin Cave | Cmin Cave

SRS3 0.2 | 0.865 0.942 | 0.704 0.837 | 0.485 0.618 | 0.316 0.489 || 1(3)
FC 0.943 0.969 | 0.808 0.879 | 0.592 0.669 | 0.453 0.550 || 19000
SRS3 0.4 | 0.781 0.895 | 0.591 0.733 | 0.404 0.546 | 0.213 0.380 || 1(6)
FC 0.850 0.911 | 0.670 0.760 | 0.468 0.563 | 0.278 0.408 || 13000
SRS3 0.6 | 0.740 0.865 | 0.551 0.703 | 0.352 0.520 | 0.168 0.336 || 1(14)
FC 0.800 0.889 | 0.616 0.728 | 0.717 0.537 | 0.236 0.364 || 8200
SRS3 0.8 | 0.708 0.853 | 0.525 0.683 | 0.330 0.482 | 0.156 0.326 || 1(26)
FC 0.767 0.866 | 0.579 0.714 | 0.386 0.522 | 0.206 0.338 || 7100

§6 Ea—URTavIE

open, closed NOIAFIZEAL T, SEIERE 22—
URAT 4y 7 BNEZBID. Hliz 8 2 T3,
(1)c* £ TOERED/ NSV, TR HERBRARDREEH
BRI OERNAN & & < T2 HEREZ HNDLH, (2) il
KFERFEDORIEIC LY, (3) BEEM CoOB LR TH
EIZ G 27 LS ESERTATTHHY, MEOMEES
K> TRBIICIRET RETH D, 7272 L 4 EDOFERR
T (1) 2D L LT 5.

4. £ B&

SRS 7 /v U X LOMEREA M 5728, W< DhD
FEBEITH. KBILT, Bohn2MoE L, HERMO
2 HIZDWT, RCHITRIRE & RO RE & ok
79, AIFEOREX L LT, —HIUIE2 A N THHEOR
SBMONTWD 7+ U — FF =y 7 [Haralick 80] & H
W5, SCHER [Meseguer 97] Tid LB2 & L CRfAli £5r A3
T TEY, HlFEHKIE (constraint propagation) %
AW REEO—FfEWx 5. BEORFE LTX
SR7NVITU XLBLVP=2—F 3y FERWEZFE
»—HiC > % Fuzzy GENET[Wong 98] & i\ 5. o
BOFEIZIE, Chin BEO Cupe D 2 >OfEE AV, G
B CIX RIS £ B LR (ms) 2V 5.
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