1302 Teyxvnt) Nonuooivn M. Kouynropdxng

4 )

ITpofAMuata Ixavoroinong Ilepiopiopmy

HpoBruata ixavonoinone neptoptoundy (constraint satisfaction
problems - CSP)

Alyébprduot uravaydenone

Eupetixol akyoprduol

Alyéprdpor Tomxrc avalhtnong

Aoyr} evog mpofAiuatog xou duoxoiia enthAuorc Tou
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IpofAuata Avalrtnong I

O gopuohionds 1wV TEOPANUATLY AvalNTNONG TOU UEAETHOUUE

OTIC TPONYOLUEVES Blaléel elvar €var TOAD Loy LEd epYaAelo yia
poviehonoinon TtpoBAnudTwy Tou e€upTATOL Ad TNV EVVOLL TNG
HATAOTAONG.

[o éva ahyoprduo avalhtnone, 1 xatdotaoy elvan éva pobpo xouti
HE AYVWOTY ECWTEQLXT douN).

Mo xatdotaon pnopel va avarapactadel and yio Sopr) BESOUEVLY
nov e€apTdTol And To BoowEvo mEOPBAnUa xal uévo
eZEOUEVUEVEC CUVOPTACEL UTopoUV va €xouy TpdofaoT oe auth:
ACTION, GOAL-TEST xAT.

N /
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4 N

IpoBApata Ixavonoinong Ilegpopiopwy

Ta npoPAfpata txavonoinone neplopiop®y (constraint satisfaction
problems - CSP) eivou npofiiuata avalAtnone mou €xouy anhf Souwr xou
ETLOEYOVTAL PIdt ATTAY TUTUXY| AVATULEAC TACT).

[t CSP, éyouue alydprduoug avalAtnong Tou eEXUETAAAEDOVTAL QUTH TNV
OTTAY) AVOTUPACTACT] XL YPTOUOTOOLY YEVIXODE ELPETIXOVG

UMY aVIioRoVe (xat Oyt eBIX00C Yol TO GUYXEXPWEVO TEOBANUA) Yia Vo
eTTOYOLY TNV ENLAVCT] UEYIAWY TEOBATUATOY.

H am\f Soury twv CSP pac emtpénet, enlong, va opicouue pedddoug
anocOvieor npoPAnudtwy (problem decomposition) ot poc

mpoc@épel uta PadiTepr xaTavonon TN oxéone avaUeca GTr) dour| EVOS

onﬁkﬁuomog xon 1) duoxoMa entALCHC Tou. /
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4 )

ITpofAMuata Ixavoroinong Ilepiopiopwy - Optopol

‘Eva npbpAnpe ixavoroinone nepoptopmy (CSP) opiletar and:

e 'Eva o0voho amd petafAntéc X, ..., X,. Kdde yetafSanty X;
el éva un xevo nedio (domain) Suvatov oy D;.

e 'Eva cUvoho and neproptopole Ch, ..., Cy,. 'Evac teplopiouoc
xadopilel Touc emTEENTOVUC GUVBLUGHOVE TGOV YL €Vl
UTOGUVOAO TOU GUVOAOL TWVY UETABANTOV.

Tumxd, évag k-adwoc neploptopds C ue uetafSAnTeg
Xi,..., X} elvon €vol UTOGUVORO TOL %APTECLAVOD YLVOUEVOU
Dy x--- X Dyg.

N /
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1302 Teyxvnt Nonuooivn

M. Kouynropdxng

-

Abon Evocg CSPI

e M AOom evoc CSP eivan pra avadeon Tuay oe OAeC TiC
ueTaBANTES 1) omolal Lxavorolel GAOUC TOUC TEPLOPLOHOUC.

e 'Eva CSP ovoudletar cuvenég (consistent) av €yel wa
TOUAGYLGTOV AUOT), BLoQOpETIXd OVOUALETAL AOUVETEG

(inconsistent).

~

M. Kouynropdxng

-

IMagddetypo: Xpwuatiopnog Xo’cp‘c‘q'

Northern
Territory
Western Queensland
Australia
South
Australia
New South Wales

Victoria

Tasmania

\
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Xewpoatiopoe Xdaptn - Tunixoc Opt.op.(’)g'

o Metofintéc: WA, NT,SA,Q, NSW,V,T

e ITedio (idto yia Ohec tic petaBintéc): { red, green, blue }
e Ileplopioyot:
C(WA,NT) = { (red, green), (red,blue), (green,red),
(blue,red), (blue,green) }

Mo amhé WA # NT. Ouolwe yio o undroina Lelyn
HETABANTOV.
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4 )

Xepwpoatiopos Xdptn - Tunixog Ochp.o’gI

To napandvey CSP eivor cuverée. M Abor tou elvou:
{ WA =red, NT = blue, SA = green,

Q =red, NSW = blue, V =red, T = blue }
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TCedpor Iepropiopndy (Constraint Graphs)'

D—
w‘@'é@@

@

[o xdde CSP pnopolye vo xataoxeudcoupe éva Ypd@o neplopiomemy. Ot

x6uPol Tou ypdpou Teploplouoy elvar ol uetaBAnTtéc Tou CSP xat ou axuéq

QJ‘ELOTOLXOOV GTOUG TEPLOPLOPOUE TOL. /
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IMagdderypa: To ITpb6BAnua twyv 8 Bocot)\to-oo’)v'
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8 Baocilicoec - Tumixodg Opv.op.ég'

o MetafAnTeéc:

Eotw 6t n petafinth X; (1 =1,...,8) noupiotdvel T oTHAY oL
xatahouBdver 1 1-00Th BoclAoco GTNY i-00TH YEoUUT.
Av ot othkec naplotdvovton amd toug apuole 1,. .., 8, téte To

nedlo xdde yetafantic X; elvon

D; ={1,2,...,8}.
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8 Baocilicosg - Tumixdg Optop.o’g'

e Ileplopioyot:

Lo xdde Cedyog petalBAntov X; xow X, €youue 800 duadixoic

TEPLOPLOUOUC:

— X, # X, (dev undpyel Leuydpt BactAoo@y otny (Lol yeapun)

— i —j| # | Xi — Xj| (8ev undpyet Levydpt Baothoohy oty
{dLa Srarywvio)
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/ IMagdderypa: Kpountoprduntixyg I \

TWO
+ TWO
FOUR
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/ Keuntoaguduntixn - Tumixog Optcuég' \

o MetafSAnteg xon medio:

F,T,UW,R,0 € {0,1,2,3,4,5,6,7,8,9}
X1, X2, X5 €{0,1}
o Ileploployotl:
alldif f(F,T,U,W, R, O)

O+0=R+10X,
Xi1+W+W=U+10X5
Xo+T+T=0+10X3

N o /
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Eion Ilegopioptyv oe Tlpaypotixeg Ecpocppto«(égl

Ye TOAG TpoxTixd TPOBAAUITA, EXTOC A6 TOUC AOALTOLG

nepropiopoV (hard constraints), undpyouv xa eAaotixol
neplopiopol (soft constraints).

Ot ehaotixol neploptopol xwdixonowoly npotipfoeic (preferences)
Tou dev elvon anapaitnTo va txavorotdoly.

IMTopddetypo: YNy xaT1d0TEWOT TOU WEOAOYIOU TEOYEIUUATOS YLo
éva Iavemothuio, ool lval oL amdAUTOL xoL TIOLOL Ol EAACTIXOL
TEPLOPLOHOL;

N /
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‘ANo TTopodetypoto CSPI

XpoVoTpoYPUUUATIONOC EQYAUCLDY

Katdotpwon npoypduuatoc (time tabling)

e Dxavornoinowoétnta GTNY NpoTacLUNT] AOYIXA

Xpovu) Ul OYIoTIXN

Xowpewh) GUANNOYLOTLXY)

o Ax€patog, YRoUUIXOS Xou U1 YRUUUIXOS TROYPUUUITIONOC
(emiyetpnotaxy| €peuva)
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/ Teyvohoyia CSP I \

Ta CSP elvar éva TOAD TETLYNREVO TARABELYUA WOEWY TNG

Texvntic Nonuoobvng pe toAréC eqapuoyéc. Tmdpyouy apxetég
eZeldineuyévec etatplec mou avantboocouv CSP teyvoloylec xat
TOAAEC ETUYELRTOELC TTOU TIC YENOWOTO0Y Yia va AUGOUY
ouyxexpiéva TeoBARuata BeATicTonoinone B Yevixdtepa otn AN
ATOPACEWV:

e http://www.ilog.com
e http://www.cosytec.com

Aclte to ynhdyx http://hsimonis.wordpress.com/ ylo €QuUpUOYES

\roov CSPs. /

1302 Teyxvnt Nonuooivn M. Kouynropdxng

M Tagwounon twv CSPI

o Awaxpttég 1 ouveyeic petaBintéc.

o Ilcnepacuéva 1 un nencpacuéva nedlo.

A ol o TV CUYBUACUMY TV TOU ETLTEETEL EVOC
TEPLOPLOUOS T YAWOOEG ERLOPIOUWY.

o I'cappixol 1 wn yeoppixol neploptopol.

e Movadiaiot, Suadixol, ... TEploplopol.

X1 cuvEyEla Tng Topouctiaonc Yo ETIXEVTPWCOUUE TO EVOLAPEQOV
uac og aryoplduoug avalAtnone v duadixa CSP pe
TMENEPACUEVA TEDIXL RETABANTOV.

N /
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Avoadixol - Mn Avadixol Hspnoptop.oi'

Kdde yn duadixd CSP ye nencpaouéva nedlo yetaBAnTwy unopel va

uetatpanel o €va LloodLVIUO dLUADLXO.

Avo yevixée pédodot yU' autd elvor: 0 BUIKOE RETACYNUATIOUOG
(dual transformation) xot n petatpons ye xpupéc petoBAnTéc
(hidden variables).

Acite ) dnpoacieuon

Fahiem Bacchus, Xinguang Chen, Peter van Beek, and
Toby Walsh. Binary vs. non-binary constraints. Artificial
Intelligence, 140:1-37, 2002.

YL0 TEPLOCOTEPEC AETTOUERELEC.

N /
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/ Alyopripor Avalntnong yio CSPI \

Ac¢ egapuoboouye to YeVS ahyoplduo avalhtnong oe éva npdBAnua
CSP:

o Apywn xatdotaon: oe xapio ueTABANTY) Oev Eyel avatele!
T,
o Evépyeieq: Avatétoupe oe xdle petafSanth X; mou dev éyet
T, onoladAnoTE Ty and to D;.
o 'Eleyyog otoyou: ‘Okec o yetaBAnTéc €)0ouv TapeL TWES ot
OMOL OL TIEPLOPLOUOL LXAVOTIOLOUVTAL.
O mapdyovtoag StaxAddwong o’ auty| TNy tepintworn elvat
S |Dil 6mou |D;| etvor o TAndixde aprdude Tou tedlou D;. To
\re)\euwio eninedo tou dévtpou éyer (3 i, |Di])™ x6pBouc. /




1302 Teyxvnt) Nonuooivn M. Kouynropdxng

/ Alyopripor Avalntnong yio CSPI \

KoaAbtepn npooéyyion: Talwouolue tic yetafintéc! Ta CSP

elval avtipeTadetind tpolAfuata avalftnone, dSniadn 1 oelpd
EQPAUPUOYNC TWV EVEQYELDV OEV EYEL onuacia.
XapaxTneltoTixd:

e To péyedoc Tou ywpeou avalAtnone eival nencpacuévo. Edv ot
uetoBintéc elvan Talvounuéveg pe tn oepd X, ..., X,, 10
TAiloc Twv xOUBwy oTto dévtpo avalhtnong elvon
L+ 370 (ID1] -+ | Dal).

II6te etvon to mARlog Twv %x6uPBwv oto dévtpo avalAtnorgc

uéytoto; EAdyioto;

e To Badoc tou dévtpou avalftnorg eival otoadepd.

\o Trdpyouv napdpola UTOBEVTRA. /
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Alyopripor Avalitnong yio CSPI

[Towog and toug alydprduoug avalATnone ToU TEPLYPAPUUE (S TWEX

elvar xatdAAnhoc yio tnv enthuorn CSP:
e BFS;

'Oy O BFS 8ev elvar anodotixde dLdTL oL XATACTACELS GTOYOU
Beloxovtar oto @UARa Tou 8€vTpou avalATNonC.
e DFS;

Koltepog and tov BES. Qdotéc0o, o DFS ynopel va onotaid
Xeovo avalntaiviog Ao, eV xdmolol Teptoplouol €youy Hon

napoflaotel.

N /




1302 Teyxvnt) Nonuooivn M. Kouynropdxng

4 )

Alyoprdpol Trcowocxd)p'qc'qgl

Ou mapovotdcouye Taparhayéc Tou DES yia CSP. Autol ot
ahyoprduol Baotlovtor oty Wwéa g avalftnong pe
vravaywenor (backtracking):

Emiéyouue tiég yior pioe petafBAnTy| xdde @opd, eAéyyouue
AV Ol TEPLOPLOUOL LXAVOTIOLOUYTAL, KOl UTAVOLY WEOUUE OTAY
0EV UTEPY 0LV GANEC ETUTPENTES TWEC YL VAL ETLAEYOUV.

N /
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Alyopripol Trcowaxd)pnonql

Oo PEAETACOUUE TOUC aXOAOLTIOUC AAYORIILOLE UTAVAY WPTONG

(backtracking algorithms) xot touc duvatolc cuvduaopolc Touc:

o AmAA Y ypovoloywxr unavaydenon (simple or chronological
backtracking - BT)

o Ilpciyoc eheyyoc (forward checking - FC)

o Altipnon CUVETELNS xS (maintaining arc consistency -
MAC)

o Travayoenon ue diya (backjumping - BJ)

o Troavaywenon pe dApa xateuduvouevo and clyxpouon
(conflict-directed backjumping - CBJ)

N /
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AnA § Xpovoloyixy) Travayhenon (BT)I

H Baown| wWéa oe xdde arydpripo uravoywenong eivat vo

EEXWHOOUNE UE Wia REEIX ADOM o Vo TNV ETEXTEVOUUE UEYpL Vol
xatoaAhEouue ot Ui TAfen Avon.

O aiyoépriuoc BT axolovldel auth tn yevint| uédodo. Emnpdoieta,
otay @TdveL oe adté€odo, TdvToTe LTavayweel otV TEAsuTala
Anguelon andgact (€€ ou xat To dvoud toul).

function BACKTRACKING-SEARCH(csp)
returns a solution or failure
return RECURSIVE-BACKTRACKING({}, csp)

N /
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4 N

function RECURSIVE-BACKTRACKING (assignment, csp)

returns a solution or failure
if assignment is complete then return assignment
var < SELECT-UNASSIGNED- VARIABLE( VARIABLES|csp|, assignment, csp)
for each value in ORDER-DOMAIN-VALUES(var, assignment, csp) do
if value is consistent with assignment according to CONSTRAINTS(csp)
then
add {var = value} to assignment
result «— RECURSIVE-BACKTRACKING (assignment, csp)
if result # failure then return result
remove {var = value} from assignment
return failure

\_ /
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O Alyépipog BT otny Ipadn: Hocpchewp.ocI

Northern
Territory
Western Queensland
Australia
South
Australia
New South Wales

Victoria

Tasmania
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A&woloynon tou Ahyoptdpou BTI

o ITAMene; No

e Xpovog: O(d"e) émou d eivan o péytotog aptiude otolyeiny
evoc Tedlov, n elvon 0 aptiude Ty YETABANTOY, XL e elvat o
apiudC TWY TEPLOPLOUMY.

o Xwpoc: O(nd). Eivar o ydpog mou yperdleton yior Tnv
anoUAxEUCT) TV TEBIWY TwY PETABANTOY.

Ta mapandve dplo YeovinAc xot Ywelxhic ToAuthoxdtntag Bactlovio

oty unodeon OTL oL TEPLOPLOKOL LToEOLY VA AnoUYNXEVTOVY

XETNOULOTLOLDVTAG OTAVERO Y WEO XL Ol EAEYYOL TWV

TMEPLOPIOUWY UTOPOoLY va yivouy ot ctadepd xpodVvo.

N /
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Behtwwoeig tov AAyopripou BTI

O ayéprdpoc BT pnopel va BeAtiwdel av ddcovye €€unveg

ATMOVTACELC OTIC AXONOVUEC EQWTAHCELC:

1. How elvar 1 emdpevn petaBAnty otny onola Yo avalécouue
TIWY %ol PE TooL oelpd Yo Tpémel vor eheyydoly oL TYéS TNG;

2. Tloec elvat oL ouvERELEG TNE TEEYOLOAG AVATESTC OTIC
uTéhotneg UETABANTES oL BEV EYOUV TWIES;

3. 'Otav yia ddpour; anotuyyavel, uropel auth 1 avalhtnon va
ano@lYeL TNy Bl anotuyio oe HEANOVTIXESC DLAdPOUEC;
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Evgetixol Mrnyavicpwol Emthoy7c Me*cocp)\'q'co')vl

H ouvdptnon SELECT-UNASSIGNED-VARIABLE €AEYEL TNV ENOUEVN

METAPBANTY| TOU DEV EYEL TLWY| UE TY| OELPd oL TPOXUTTEL and T AloTa
VARIABLES[CSP]. Auty 1 ototixq oy YetaBAnTtdy ondvia
XATAARYEL OE ATOdOTIXH avalATNON.

O eupeTdC UNYAVIOUOC TWVY EAAYICTWY ATOUEVOUSW®Y TLAWY
(minimum remaining values - MRV) emléyet tn yetoBAnTy pe
TIC AYOTEREC VOULUES TWEC TIOU ATOUEVOLY, ONAADOT eAayloTonolel ToV
TPy OVTO BLOXALBWOTNC.

Me tov MRV ¢€youue duvapixr| emAoyy| UETABANTOV.

N /
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MRV - Hocpdcﬁewp.ocl

Northern
Territory

Western

Queensland
Australia

South
Australia

New South Wales

Victoria

Tasmania

Epwtnon: Ilow elvar 1 petaBanty| otnyv onola Yo mpéner var avartedel
T aol yivouv ot avadéoelg

o

WA =red, NT = green?

/
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M. Kouynropdxng

MRV - Hocpo'cBewp.ocI

Northern
Territory

Western

Queensland
Australia

South
Australia

New South Wales

Victoria

Tasmania

Andvtnon: H SA, enedn| vyt autrv udvo n tur blue elvan duvath.

o

/
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/ IMapddetypo: Xpwuatiowos Xdcp'cnl \

Northern
Territory
Western Queensland
Australia
South
Australia
New South Wales

Victoria

Tasmania

Eeotnon: Me now petaf3ints Eexwvdpe tny avalAtnon yia To

\Xpwpomop() Tou X4pTN TS AucTpahlog; /
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Evgetixol Mryavicpotl Emthoyrg Merocﬁ)\'q'co')vl

O gupetixde unyavioude Padpos (degree heuristic) eivat o e€rc:
EMAEYOUUE TN UETUBANTY| TOU EUTAEXETAL 0TO PEYAADTERO TADOC
TEPLOPLOUWY UE JANEC YETABANTEC TTou eV Toug €xel avatelel Ty
(Onhadn tn yetofAnthi-xéuBo pe to peyahdtepo Badnd cTov Yedgo
WY TEPLOPLOPAY). AUTA 1 emhoyT elvat oToTixy.

Badwog x6ufou ¢’ éva ypdgo elvar to mTARY0C TV axudY Tou
TPEOGXEWVTAUL GTOV XOUP0.

AtaioUnon: Auvidvoupe Tr UEAOVTIXY| ATAAELPY| LMV, TPOXEWEVOU
VO UELWCOUPE TOUC MEAROVTIXOUC el YOVTES OLUXAGOWOT.

N /
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Degree Heuristic - Honpo’chwp.ocI

@
@‘@'ea@

@

Epotnon: Me nowo yetafSanty) Lextvdpe v avalATnon Yo T0 YewUoTlond

ToU Ydptn TNC AvoTtpahiog;

- /
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Degree Heuristic - Honpo’chwp.ocI

@]

N

(1o0)

o

Andvtnon: Me v SA nou éyel Badud 5. ‘Ohec oL dhhec uetafSAnTtéS €youy
Baduod 2 1) 3 extéc amd v 1" mou €yel Bordud 0.

- /
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M. Kouynropdxng

-

~

N

TO GUVOUAOUO EVPETIXWY UTYAVIOUMDYV.

Evegetixol Mryavicpol EmtAoyrg Ms‘cocﬁ)\n‘co')vl

O MRV eivar cuvidwe mo woyvpds ané tov degree heuristic.
Mmooty va yenotyoroindoly yali: étav o MRV bev unopel va
Eeywploel 800 petaBAntée, yenotwonotelton o degree heuristic.

Ou yenotuonotiooupe tov 6po MRV yia va avagepdolue oe autd

1302 Teyxvnt Nonuooivn

M. Kouynropdxng

-~

A&woloymon I

Problem | BT BT+MRV | FC FC+MRYV | Min-con
USA (>1000K) (>1000K) 2K 60 64
n-Queens | (>40000K) | 13500K (>40000K) | 817K 4K
Zebra 3859K 1K 35K 0.5K 2K

~
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M. Kouynropdxng

-

~

av To TEOBANUa dev €yel Ao

N

Evgetixol Mryavicpol Emthoyrg TLp.c()vI

Ané ) otryun mou pa yeTaBAnTY €xet emheyel, o alydprduog npénel
VoL ATOQaCIOEL UE Tola OELRd TIEETEL VoL EEETACEL TIC TYEG TNC.

O eupeTinde unyaviopos e Ayotepo decpedovoag TWNG
(least-constraining value - LCV) npotiud v Ty mou
amoXAElEL TIC AYOTEREC ETMAOYEC TU®Y aTd TG YELTOVXES UETABANTES
TOU Ypapou Teploplouwy. M’ dAla AdyLa, pac Olvel T €Yo
gveM&io yior TIC EMOPEVES avardéaelc UETABANTOV.

O LCV dev elvar yphotlog av eVOLaQEpOUATTE Yia OAeC Tic ADTELS 1

/
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M. Kouynropdxng

.

Northern
Territory

Western
Australia

LCV - HapchewpocI

Queensland

South
Australia

avadéoeic WA =red, NT = green,;

o

New South Wales

Victoria

Tasmania

Epotnon: Ilow etvon 1 T mou Yo avatedel otn petalSanth @ petd tig

N

/
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/ LCV - HapchewpocI \

Northern
Territory

Western Queensland

Australia

South
Australia

New South Wales

Victoria

Tasmania

Andvtnon: Mnropolue va emAé€ouye uovo blue A red. H twn blue dev elvan
xaAf) emhoyh obugpwva ve tny LCV: anoxieler tny (Bta 1 and d0o
vertovixée petafBintéc (NSW xar SA). H red elvon xahOtepn di6tt anoxhelet

kmv (Bl Tl pwovo and Ty NSW. /
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Awddoon llepiopiopmv I

H xevtpmn Wéa e duddoong nepropiopwy (constraint
propagation) eivar vo Adfoupe unddn yac Toug dodévteg
TEPLOPLOUONE OGO Vwple UToPOUUE XaTd TN Odpxela Tne avalAtnone 1
axdpa xa ey apyloet 1 avalytnon!

[o mapddetypa, o xdde BAua tne avalHTnong UTopoluE va
xAaBeboLPE TUAUITA TOU YWEOLU aValATNOTE TOU ATOUEVEL V!
e€epeuvniel, e€etdlovTtac TIC CUVERELEG TWVY Peptx®y avadéoewy. O
ahyo6prduol mou €youv mpotadel YU autd ovoudloviol cuy v
alybprduotl Tou Brénouv unpootd (look-ahead).

N /




1302 Teyxvnt) Nonuooivn M. Kouynropdxng

4 )

IMeowog ‘Eleyyog (Forward Checking - FC)I

O aybprdpoc Tou mpwoL eAéyyou otnelleTtal oTny Lxavorolno

e axdrouvdng cuvinixng:

[ xdde petafBinty| otny onolo dev €xet avatevel Ty,
UTAPYEL TOUAGYLOTOV Wlol THUY) 0TO TEdlo tng mou elvon
CUVETC UE TIC TIWES Tou €youv avatelel oe dAAeC
weTaSANTEC.

1302 Teyxvnt Nonuooivn M. Kouynropdxng

4 I

O FC hertovpyel wg e€hc: xdlde @opd mou plor T v avatidetal oe

wa petafBanth X, o FC e€etdlel xdde pyetafSanth Y otny onola dev
€xouv avateve! Tiée xat Staypdgel GAec TIC TéC TN Y mou elvon
aoLVETElC UE TNV v antd To edlo tng. Av auth 1 evépyeta €xEL oay

anotéheopa To edto tng Y va ylver xevo, téte 1) v anoppinteTol.

O aryoprdpoc FC yenotwonoteltan cuvidoe wali we tov evpetind
unxoviond MRV, wa mou ou anoutodyeveg dopéc ylo Ty
vhomoinorn tou MRV ypnowonolotvton xou anéd tov FC.

N /




1302 Teyxvnt) Nonuooivn

-

FC Xwpic MRV - Hocpo’tSewp.ocI

e doma
Afer Wh=ed
Aty Qe
Afer V=Dle

N

R G

R G

t

> &>

|@| oo oo oo

1302 Teyxvnt Nonuooivn M. Kouynropdxng
A&woloymon I

Problem | BT BT+MRYV | FC FC+MRV | Min-con

USA (>1000K) (>1000K) 2K 60 64

n-Queens (>40000K) | 13500K (>40000K) | 817K 4K

Zebra 3859K 1K 35K 0.5K 2K
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IHapddetypo Avoxolotepng Acuvénsr.ocg'

Northern
Territory

Queensland

Western
Australia

South
Australia

New South Wales

Victoria

Tasmania

H avadeon WA = red, @ = green cuvendyetar NT = blue, SA = blue.
Auth n acuvénela dev aviyvedetat and tov FC auéonc yetd mou Yo dodolv

Qpéq otic yetafantéc WA xo Q. /

1302 Teyxvnt Nonuooivn M. Kouynropdxng

/ Hocpchewp.ocI \

H pepuer| avdieon

WA =red, Q= green
uall ye Toug TEPLOPLOROUE TOU TEOBANUATOC
WA#NT, WA#SA, Q#NT, Q#S5SA

WA, Q € {red,blue, green}

OUVETAYETOL
NT = blue, SA = blue.

Avutol ot cuvenayopevor (implied) nepopiopol yall ye tov apyixd
nepoptopd NT' # SA eivar acvveneic (inconsistent).

O unyaviouée tou FC dev mepthapfdver autéd 1o debtepo Brpa

\&éc?)oong TEQLOPLOUMY. /
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Yuvénein Axpnic (Arc Consistency)'

H évvola tng ouvénetag axpns pag dlvel €va LoyupdTepo epYaheio

OLABOOTC TEPLOPLOUMY.

Ogtopde. Eotw X, Y petofintéc evéc CSP P xou (X,Y) wa
xoteuduVOUEVT axur) oTo Yedwo meptoptonddy Tou P. H axur (X,Y)
ovoudletol cLVETAG av yia xdde T & Tou X, UTdpyEL Wa TWH Y
Tou Y €101 OOTE 1) T VoL €lval GUVETAC UE TNV Y.

Opwopdc. Eva CSP ovopdletar cuvenée we mpog Tic axpéc (arc
consistent) av dhec ot axpéc TOU YPAPOU TEPLOPLOUWY TOU glvall

cuveTelc.

N /

1302 Teyxvnt Nonuooivn M. Kouynropdxng

To ITapdderypo Enowa&on:unwpévo'

1R G
B1RG
B1RG

It domans
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/ Hocpdcﬁswp.oc' \

Oewpnote TNV TElTN YEUUU TOU TUQATEVW TVAXA YLo TO TPOBANUA TOU
Ypwpatiopol tou ydptn e Auotpahlac ye yprion tou FC (tn ypouur
otnyv omolo xdvouue avddeor Tuhc oty Q).

Ye auto T0 OTEBLo TOU AAYOELIUOU, aC EAEYEOUUE TY CUVETELN UEPLXMY
AXUWY TOU YPAPOL TEQLOPIOUWV:
o Axun (SA, NSW): Ta tpéyovia nedio twv x6ufewy SA xaw NSW

elvon { blue } xou { red, blue }, v autd n (SA, NSW) eivou
CULVETAG.

o Axu (NSW,SA): Auth elvar aouvenig, enedy| 1 avddeon
NSW = blue dev éyel cuveny, avaveon yio o SA. e auth Ty
Tepintwon), Yo meénel va diaypddouvpe TNy Tyt blue and to nedlo

/

e NSW ylor vou xdVOUUE TNV axur) GUVETH.

-

1302 Teyxvnt Nonuooivn M. Kouynropdxng

4 N
Honpo’chwp.ocI

o Axu (SA,NT): Auth n axur| elvar AoLUVETAE eTELdY| TO TEEYOV

nedio v tc SA xauw NT eivon {blue}. Av mpoonatriocouue va
XAVOUPE aUTH TNV axpn] cuveny, Yo Saypddouue Ty Tiuy| blue
and to medlo g SA, aghvovtac autd To TEdI0 XEVO.

'Etot, 1 e@opUoyn) TnC CUVETELNG aXUNC 007 YTOE vwpeitepa GTOoV
EVIOTUCWO WIOG AOUVETELXG XTd T1) OLdpxela TNg avalATnong.

N /
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/ Yuvéneia Axpng I \

Ytov akyoprduo BT, 1 cuveneia axprc unopel vor eQapuocTel we:

e Brua npoeneepyaciac (preprocessing step) now apyloet
avalhTnon.

e Brua Siddoong neprtopiopedv (constraint propagation step) petd
and xdde avddeor (emavoknmTixd, UEypL Vo Unv LTEEYOLY GAAES
acuvénelee axpnc). O véog akybprduoc Tou mpoxinTel elvat YveoTde we
MAC (maintaining arc consistency).

IMapdderypo: Av yenowonoficovpue tov MAC petd tny avdideon
WA =red, Q= green

OTO TIUEADELYUO YOWUATIOHOU YAOTY], AVAXAAVTTOVUE AUECWS TNY aduvauia

Ctéxwong authc tne avadeonc enedn n axu (SA, NT) elvar acuvenic. /

1302 Teyxvnt) Nonuooivn M. Kouynropdxng

4 N
O AAydprdpog AC-SI

function AC-3( ¢sp) returns the CSP, possibly with reduced domains
inputs: csp, a binary CSP with variables { X1, Xs,..., X,,}
local variables: queue, a queue of arcs, initially all the arcs in csp

while queue is not empty do
(Xi, X;) < REMOVE-FIRST(queue)
if REMOVE-INCONSISTENT- VALUES(X;, X;) then
for each X}, in NEIGHBORS[X;| do
add (X, X;) to queue




1302 Teyxvnt) Nonuooivn M. Kouynropdxng

4 )
O AAyéprdpog AC-SI

function REMOVE-INCONSISTENT-VALUES( X;, X;) returns true

iff we remove a value
remouved «— false
for each z in DoMAIN[X;]| do
if no value y in DOMAIN[X ] allows (z,y) to satisfy
the constraint between X; and X; then
delete z from DOMAIN[X;]; removed < true
return removed

N /

1302 Teyxvnt Nonuooivn M. Kouynropdxng

4 )

AC-3

O AC-3 extedelton oe O(n?d?) ypbvo, 6mou n elvar to TARYOC TwY
HeTaBANTOVY xat d efvon to Yéyloto mARdog Ty evHe mediou.

Anodedn:
e Eva duadxd CSP éyel 10 tohl O(n?) axuée
o Mo axur umopel va eloéhel oty oupd To TOAD d Qopéc.

o O éheyyoc ouvénetag wa axuhc uropel va yiver oe ypdvo O(d?).

Trdpyouv Taybtepol alydprduol CUVETELNC aXURC.

N /
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'"AAAec 'Evvotec Euvénenag'

e l-consistency 7 cuvéncia xouBou: Eva CSP eivor

1-consistent av xat pévo av yia xdde povadiaio neploptoud ¢ X)
wy et 1o e€hc: v xade Tl v € domain(X), v eivon pa Moo
TOU C.

[ va yiver éva CSP 1-consistent, agatpolue and to medio xdie
vetaBAntic X nou éupaviletor o éva wovadaio teptoplopd c(X)
TIC THES v ToL TapafLdlouy TNV TOEATdvVe CUVITXY.

e 2-consistency ¥, cuvéneia axpng.

N /

1302 Teyxvnt Nonuooivn M. Kouynropdxng

Ioyvedtepec 'Evvoteg EU\aénsnou;I

3-consistency 1 path consistency

4-consistency

k-consistency

global consistency (k-consistency yia 6ho ta 1 < k < n ot
éva CSP pe n yetafBAntéc).

N /
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/ k—ouvénem. \

Optopdg. 'Eva CSP eival k-consistent eav xdde avddeon tipuoy ot

k —1 petafintéc {X1 =v1,..., X1 = vp_1} mou wavorotel Ghouc
TOUG TEPLOPLOUOUC TTOU EUTAEXOLY TIC YETABANTES X1, ..., Xp_1,
unopel va enextatel oe wa avddeor

{X1=v1,..., Xp—1 = vg—1, X = v} TOU XavOTIOLEL GBAOUC TOUC
TEPLOPLOUONE TIOU EUTAEXOLY TIC UeTofBAnTéc X, ..., Xp_1, Xk.

I va yivel éva CSP k-consistent, eicdyoupe oto CSP véoug

neploptopoe pe kb — 1 yetafBAntéc mou anoxielouy Tic avadéoelc o
kE — 1 yetafintéc mou napafBidlouvy tny mapandvew cuvirixr. Autol o
TEPLOPLOHOL EMOVTOL AOYLXE ATd TOUC UTLARYOVTES TEPLOPLOUOUC, AN

\necpocppoyﬁ TNC k-GUVETELOC TOUG QEPVEL OTO POC. /

1302 Teyxvnt) Nonuooivn M. Kouynropdxng

4 N
Hocpchswp.ocI

To CSP
X1 —Xo<2, Xo—X3<5, X1 —X3<10, X1,X5,X3€ [0, 100]

elvar 1-consistent o 2-consistent aAld 6yt 3-consistent. I'ix

TopddeLyua, N avddeor YETABANTOV
{Xl - 10,X3 - 0}

mou wavorotel Tov teplopiopd X1 — X3 < 10 dev ynopel vo enextodel
oe wa avddeon Tuoy oTic yetaBAntéc X1, X3, Xo nou wavornotel xat
TOUC TEELC TEEPLOPLOUOUC.

N /
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4 N
Hocpo’cBewp.ocI

To CSP
X1 —X2<2, Xo—X3<5, X1 —X3<7, X1,X2,X3¢€[0,100]

TOU £)YEL EVAY AUCTNEOTEPO TIERLOPLOUO Tdvw ot X1, X3 elvan
3-consistent.

O mepoptopodc X1 — X3 < 7 ouvendyetol and Toug 00CUEVOUC
TEPLopLopoUC xou Umopel va e&ay el ue Stdd0ooT TEPLOPIOUWY.

N /

1302 Teyxvnt Nonuooivn M. Kouynropdxng

/ ‘"AAAec 'Evvotec Euvénstag' \

Or évvoleg ouvénelag Tou elval LoYVPOTERES ATO T1) GUVETELN AXUAC

UTopoLY va ypnotporondody and Toug aAYOELIMOUS UTIAVAYWENOTG
UE TOEOUOLO TEOTO.

Ye xade Brpa tne dradixaotoag avalAtnone, ol EAEY YOl CUVETELS
(PEPVOUY OTO PWE TG CLUVETELIEG TWY TMERPLOPIOUGY e&eTdlovTog

3 yetaBAnTéc, 4 YeTaBANTES, ..., 1 YeTABANTESC Xdde Qopd.

ITpocoyn: To x60T0¢ TwV Brudtey Biddoong TERLOPLOUWMY TEETEL
TpooexTxd va e€loopponniel pe ta Theovexthiuatd touc. Evog

TEOTOC Yo VoL T0 XadoploouUe auTé elval Vo XAVOUUE Lot AETTOUERY

\Tcstozpomxf] UEAETT). /
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Evgurc Yravaywenon (Intelligent Backtracking)'

Ov oy dpriyor utavaywenong Urtopody va Yivouy To anodotixol av

uTaVOY WEoLY UE To €€untvo Tpémo! Ot teyvixéc mou €youy mpotalel
yia va emteuyVel autd, cuyvd avagépovtal we texVixéc look-back.

H 10ea autedv Ty TEYVIXOY EVOL VoL UNY UTIOVAYWEOUUE Y EOVOROYLXA
onwe o BT, alhd ye xdnoto suguy| T1p0T0, TEOS TNV TELYLALTLXY
atio T amotuyloc.

N /
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Xpovohoyixn Travaywenon I

Northern
Territory
Western Queensland
Australia
South
Australia
New South Wales

Victoria

Tasmania
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Xpovohoyxn Trcowocxo')p'qc'ql

Ac egapubdoouye tov BT o610 mpdBAnua tou ypwuatiopol ydetn e

Y axo6hovlT| oTATIXY OELEd EMLAOY S UETABANTOV:

Q,NSW,V,T,SA, WA, NT.

‘Eotw 6T €youue mapdyel TNy axdhoudn puepxr avadeon:
Q =red, NSW = green, V = blue, T = red

‘Otav emthé€ouye Ty enduevn petointy (SA), BAérovye 61t xdie
Ty e mapafidlel éva tepoptopd. Topa o BT yog emBaiher va
UTAVOLY WETCOUUE XAl VO DOXUUBCOUUE EVA VEO YEWUOL YO TNV

Tacyavio. Autéd dev elvar xorddhou xahr 1oéa!

N /

1302 Teyxvnt Nonuooivn M. Kouynropdxng

YTroavayoenon pe ‘Alpa (Backjumping) I

O alybprduoc vravaywenone pe dhua (backjumping - BJ) eivo

Evac ahy6pLluog EUQUOUE UTAVAYWENOTC.

‘Otav gtdvoupe ot adiégodo (dead-end) yio pia petafSanth X, o
BJ dev unavayweel otnyv nponyoluevn petaBAnTtY 6twe o BT, ahkd
ot peTaBANTA tou PBeloxetar Paditepa oto 6évipo avalAtnone
(Onhadh oTNV Lo TEGCPATY) UETABANTH) TOL £lyE OOV CUVERELL VoL
anohewpiel wa Ty and to tedio e X.

N /
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ABEE0b0 - X0Ovoro Euyxpot')oawvl

Elyoote og ablé€odo yio plo yetaBinty X, étav xdde duvaty| T
e X poll ye v wéypt todpa yepwery avddeon tapafdler xdmolo
Teploptopd (ouvende anaheipetal and to nedio tne X).

‘Orav @tdooupe oe adié€odo v wa wetoffanth X, to clvolo Twv
HETABANTOVY TNE YepLX|C avaieomne Tou TEOXSAEGUY TNV ATUAELYN
OAWV TV TH®Y and to edlo g X ovoudletar cvvolo

ovyxpovoewy (conflict set) tne X.

N /

1302 Teyxvnt Nonuooivn M. Kouynropdxng

4 )
BJ - ITopdderypa I

Northern
Territory
Western Queensland
Australia
South
Australia
New South Wales

Victoria

Tasmania




1302 Teyxvnt) Nonuooivn M. Kouynropdxng
4 A

Ac¢ egapudcouue tdpa tov BJ oto npdBinua tou ypwupatiogol xdetr
ue v (Btar oTaTin oeLpd emAOYNC UETUBANTOV TOU EQUPUOCUUE
vopitepa yio Tov BT:

Q,NSW,V,T,SA, WA, NT

‘Eotw 611 éyoupe mopdyel Tnv axdrovldn pepiny| avddeon:

Q =red, NSW = green, V = blue, T = red

‘Otav emthéZouye tnv enduevr uetaBAnTty (SA) BAénouye btt xdie
T e mapafdlel éva TEPLOPLOUO.

Ot mponyoluevee PETABANTES TOU TPOXAAECAY THY AToEEUT GAWY
Ty TAVOY TV v Ty SA (Snhady| o uéhn Tou cuVOAoU
cuyxpolcewy e SA) elvat oo Q, NSW, V. Topa o BJ emuPBdAAer
VO UTLAVAY WPNCOLKE Gty ReETABANTY V. /

1302 Teyxvnt Nonuooivn M. Kouynropdxng

4 I

O BJ unavayweel ye dipa povo otay Beedolue oe adiégodo nou

TEOXUTTEL A6 TIC PO YOUUEVES AVOUETELS.

[ vor vhomoicoupe tov BJ, @tdver va Jupopacte tn petafAnTi
nov PBeloxeton Baditepa oto 8EVOpO avalRTnone xau
npoxdAece TNV andeldr kATOLAG TULNG TNG TREXOLOAG
peTaBANTAC (Onh. TN UETUBANTH TOU GUVONOU CUYXPOUCEWY TOU
Beloxeton Badbtepar).

N /
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4 N
Y0yxpion BJ xou FCI

‘Otav o BJ nparypoartonotel éva dipa mpog to mlow, dAeg oL TS evog

nediov PBeloxovtar oe olyxpouon pe tny tpéyouca avdideorn. Autd To
yeyovog Ba elye avoaxaiugiel vepitepa and tov FC!

ITpétaon. Kdde xhadl tou 8évtpou avalhtnone tou xhadedetal and
tov BJ xhadebetan xou and tov FC.

Yuvenag, o BJ etvon mepittéc oe wa avalrtnon nou yenowonotel tov
FC 7 évav 1oyupdtepo ahyoptduo SLddoong TEPLOPLOUWY OTWS TOV
MAC.

N /

1302 Teyxvnt Nonuooivn M. Kouynropdxng

/ Ano tov BJ ooy CBJI \

Ac dewpriooupe xou ndhl tov BJ 010 npdfinue tou ypwuatiopnol

Y4eTn ME TNV axdrouldn ooty oelpd EMAOYHC HETABANTOY:

WA NSW,T,NT,Q,V,SA

‘Eotw 611 éyoupe mapdyel tnv eEAc pepixh avaieon:
WA =red, NSW = red

Auty n avddeon dev unopel vo pac odryfoel oe Aoor.

ANNG o xd&vouye Ty avdldeon T = red, xau ag cuveylcouue Ue TiC
uetaBAntec NT,Q,V, SA. Autd dev Yo metlyeL xoL xotd cUVERELN
Yo e€avtAndoly ot duvatég Twég v Ty NT'. Xe nowd yetaf3inty| Yo

\TtpéTEEL VoL UTLVOLY WETICOUE; /




1302 Teyxvnt) Nonuooivn M. Kouynropdxng

4 )
Hocpchewp.ocI

Northern
Territory
Western Queensland
Australia
South
Australia
New South Wales

Victoria

Tasmania

1302 Teyxvnt Nonuooivn M. Kouynropdxng

4 )
Ard6 tov BJ ctov CBJI

O BJ dev yrnopel va pag Bondnoel o” auth tny mepintwon eneldy| To
cOvVolo cuyxpoloewy tng NT' eivar xevo.

Auté ouufaiver yott p NT' éxet Tipée mou elvar GUVETELS PE GAeC Tig
TponyoLueves PeTaBANTES (av o xolor and autée g TLpéS dev
unopel va pac odnyroet oe Aoor), dpa dev eipacte o adiégodo.
[Ipocééte 6L 0" auty| TNV TepinTtwor, ol petafBintéc NT,Q,V,SA
cav cOvolo €pyovial 6e GUYXPOUOT) UE TIC TROTYOUHUEVES

HeTABANTEC.

N /
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-

N

Auté odnyel oe wa Barditepn €vvola 1oL CLUVOAOL CLYXEOVCEWY
woc YeTtaBANTAC X elvat 10 oOVOAO TV RO YOVREVW®Y
weTafANTOV oL 007yNoe TN YeTaBANTH X, wali pe
OTOLECONTOTE ENOUEVESG RETAPANTEG, o anoTuylo.

Me 1o véo opioud, 10 olvoro cuyxpoloewy yia TNy N1 elvar

{WA, NSW} xou 9o mpénet va unavaywprioovue otny NSW.

Avuty elvar 1) Baowxr| 18€a Tou ahyopLIUOL UTAVALY WENONG E GARA
xatevduvopevo and ocbyxpovor (conflict-directed

backjumping - CBJ).

~

And tov BJ otov CBJI

/

1302 Teyxvnt Nonuooivn M. Kouynropdxng

-

I v vhoTolnomn tou akyobpriuouv CBJ, xdle petaBAnts €xel éva
ocUVOAO CUYXEOVOEWY ToU LToAOYILETAL WS EERC:

CBJ \

‘Otav n avdldeor Trc v; oty Tpéyovoa petafBinth X; elvat
QOUVETAG ME TNV TWH v Tou Exel avatelel ot pLo TeonyoLuevn
wetaBANT X, tote ) Xj mpootideton 610 ohvolo
ocuyxpoloewy e X;.

‘Otav dev undpyouv dAAeg TWES Tpog doxut Yo Ty X;, o CBJ
uTavaryweel Teog TN YETABANTA X} Tou GUVOAOU GUYXEOUGEWY
e X; nou Beloxetar Baddtepa oto dévipo avalhtnone.
Tavtdypova, ot yetofBAntéc 6to cUVolo cuyxpoloewy Tne X;
(extoc and v Xj,) npooctidevion oto GUVONo

cuyxpoloewy g Xj, €101 WOTE Vo un yadel TAnpogoplo yia

cuyxpouoelc. Auth elval 1 onuavtixétepn Slaopd tou CBJ ané

Tov BJ. /
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/ Extéleon touv CBJ oo Ilopddetypa p.ozg' \

Yepd Emhoyhc Metafintav: WA NSW, T, NT,Q,V,SA

Yepa Emhoyne Twov: red, blue, green

O CBJ extedeitor we e€¥c (napovoidalovpe Tic Ttéc mou avatidevtar otic
HETABANTES %ot T GUVOAX GLYXPOVGEWY):

o WA=red

o NSW =red

o T'=red

o NT = blue, CS(NT)={WA}

o Q=green, CS(Q)={NSW,NT}

V =blue, CS(V)={NSW}

o H SA dev propel va ndpet xdnowa TipR xoaw CS(SA) = {NSW,V,Q}.

Y ravayweolpe oty V (11 LetaBANTA T0L SLVOAOU CLYXPOVUCEWY oL Elvor

\ Baditepa oto dévipo avalAtnone). To CS(V) yivetaw {NSW,Q}. /

1302 Teyxvnt Nonuooivn M. Kouynropdxng

Extéleon touv CBJ oo Ilopddetypd p.ozg'

Yepd Emhoyvc MetaBintaov: WA, NSW,T,NT,Q,V,SA

Yewpa Emhoyne Twwv: red, blue, green
O CBJ cuveyilel w¢ e€hc:
o V =green, CS(V)={NSW,Q}

o H SA 8ev pmopel vo ndpet xoutor wuh xou CS(SA) = {NSW,NT,V}.
Yravaywpolue oty V. To CS(V) yivetw {NSW,NT, Q}.

o H V Bev éyet xawd &M droadéorun wuh xaw CS(V) = {NSW,NT,Q}.
Yravayweolue oty Q. To CS(Q) yiverow {NSW, NT'}.

\_ J
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/ Extéleon touv CBJ yia to Ilopddetypd p.ocg' \

Yepd Emhoyvc MetaBintdov: WA NSW,T,NT,Q,V,SA

Yewa Emhoyne Twwv: red, blue, green
O CBJ ocuveyilel we e€hc:
o Acv undpyouv dAAec TIESC TEOC Boxn Yol TNV @ o
CS(Q)={NSW,NT}.
Yravayweolue oty NT. To CS(NT) yiverow {NSW, WA}
e NT = green, CS(NT) ={WA, NSW}.
Tapa o yetafintéc @, V, SA da doxaoctody ye mapduoto Tpémo xat dev o
Beelel Moo
‘Ortav Eavayuplooupe nlow oty NT' yia tnv onolo dev UTAEYOUY GAAEC
Suvatée Tée, urtavoy weoLUE oty NSW (otn petafSAntr Tou GUVOAOU
ouyxpoloewv e NT nou Bploxetar Baditepa oto déVvdpo avalhtnong) xat

K Oyt otny T. j
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TRewdwxol AAyoprdpol I

Or alydpriuol LTV OENONE IOV TAPOUCLACUUE UEYPL TWRA AVHXOUY

og BVO xaTTYOopPlEC:
o Alyépriyot dddoone nepoptopy (FC, MAC)
o Alyébprduot eupuolc unavaywenone (BJ, CBJ)

Ot teyvinéc TV 000 XATIYORLOY UTOPOVY VoL GUVOUAGTOUY YLo Vo
avantiZoupe LVPEWBLXONE ANYOPIIROUE LTAVAYWENOTC, YLA
nopadeypa, tov FC-CBJ 7 tov MAC-CBJ.

Or gupetiol unyaviopol Tou TAPOVGLACUUE UTOPOVY VO GUVOUAGTOVY
xat W auTtole Toug UPBEWLXoLE alybpripouc.

N /
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4 I
Mddnon Ileplopiopmy I

O aiyoprduoc CBJ pac Eavayupllel oto owotd ornueio Tou dévdpou

avalhtnone mou elvar utebduvo Yo Ty anotuylo edpeone Adong. ‘Ouwg dev
Hac eunodilet va xdvoupe ta (Btoe Addr oe &AL xAadtd tou BEVTPOU
avalhTnone.

H pédodoc tne wddnone nepopiop®y (constraint learning) tpononotel
10 doopévo CSP npooiétovtac neploptopolc mou npoxdintouy and (6co o
duvatév o UxpEd) cOvoha GUYXEOUCEWY UE TNy eAnida 6Tt autol oL

repLoptopol Yo anofoly yehoLdol GTT CUVEYEL.

Aev Yo TopOUCLECOVUE TIC AETTOUEPELEC TWV OYETIXOY dAyoplluwy. Av to
Yéua cac evdlagépet, delte To Kegdhato 6 tou BiBAlou

Rina Dechter. Constraint Processing. Morgan Kaufmann. 2003

\_ /
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4 )

A&woloynon Alyoplduwy Tnowozxo')pncngl

Kettipto:

1. Xpovixh/xwetxhy toAuTAoxoTnTa YELploTne TeplnTwong
2. Xpdvog exTtENEOTC
3. II\ARdoc xoufwv Tou emtoxentoaoTte 0To dEVTpo avalAtnong

4. IIAAY0C EMEY YWY CUVETELNG TIOU TEAYUATOTOLOUVTAL

N /
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A&woloynon Alyopriuny Tftowozxo')pncngl

Arnoteréopatos

e Ou BT, FC, BJ, CBJ, MAC xa ot nopadlayéc Toug €Youy
eXUETIXY] XPOVIXT] TOAUTTAOXOTNTA GTY| YELPOTERT) TERITTWOT).

o O ypovog extéreorng unopel va Towliel AOYw TV AETTOUEPELDY
xade vlonolnore.

o II\Adoc x6uBwy mou emoXENTOUACTE:
FC-CBJ < FC <BJ < BT

CBJ <BJ
MAC-CBJ < MAC < FC
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A&wohoynon Alyopriuwy Tnowocxo’ap*qo*qg'

o II\Adoc eAéyywv GUVETELNC TOU TEAYUATOTOLOUVTAL:

CBJ < BJ < BT

FC-CBJ < FC

O FC yunopel vor mpayHATOTOWACEL TEQLIOGOTEPOUC 1 ALY OTEPOUC
ehéyyoug and tov BJ xou tov BT avdhoya ye to npdBAnua.

o Ilewpapating anoteréopata €youy dellel OTL OTIC TEPLOCOTERES
TEPLTTWOELS €VOC XAUNOS aAYOpLIHOC BLdBooTE TEPLOPLOUMY (6TWC
o MAC ¥ o FC) og quvduaoué pe éva xahd GOVONO EURETIXODY
unyoviopdy (6nwe o MRV xat o LCV) unopel va Moet dUoxola
CSP ye emtuylo.

N /
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YyxeTind ANUocleduaTo Xl Aowcp.mé'

e Grzegorz Kondrak and Peter van Beek. A theoretical
evaluation of selected backtracking algorithms. Artificial
Intelligence, 89:365-387, 1997.

e Xinguang Chen and Peter van Beek. Conflict-directed
backjumping revisited. Journal of Artificial Intelligence
Research, 14:53-81, 2001.

e csplib: M BiSAodxn cuvaptiioewy tne C yio Ty enfhuon
duadixwy CSP.

Ta napandve eivar dtadéoiuo otny totocehido Tou Peter van Beek:

http://ai.uwaterloo.ca/ vanbeek

N /
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Alyopripor Tomuxng Avalntnone yio CSPI

‘Ohot ot ahydprdor UTAVAYWENOTE TOLU TUROUCIICUUE WS TWE elval
cvotnatixol: e£epeuvoly To YWEo avalATNONC TEOCEXTIX
XEATWVTAC TANPOGopleS yia xdie dladpour| Tou e€epebvnoay uéypl va
Beouv pio Ao

"Eyouye %01 del twe emthbouye tpoBAfuata avalfitnone (w.y., To
TEOBANUA TV N-BUCIMGCOY) YENOHOTOLOVTIC ToTxh avalhTno.
Mrnopolue va Abooupe onotodrirote CSP ue aryodprduoug Tomxnc

avalATnong;

N /
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ANyobprdpor Tomxre AvocCﬁ*c*qo*qu

IS€a: Zexwvdue ye por ‘Abomn’ xat eEXTENOVUE UETATROTES UEYPL VL

pTacoupE ot wa AUoT). Tpaguxd:

evaluation

current
state
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-

Alyoprdpor Toruxng Avalntnong yio CSPI

H tomue avalhtnon elvar wwltepa yehotun yio enfiuvorn CSP. ‘Evog
ahyoprdpoc Tomxhc avalhtnone Eexvd pe wa tuyalo avddeorn Ty oe
HeTAfBANTES Xau 0T GLUVEYELX PETABdAAEL (ETBLopUWVEL) aUTH TNV avddeon
u€yer va yiver Ao

Avurtol ot alydprdpol avagépovtal xat KOS ahyoplduol ELEETIXNAG
eudiépdwone (heuristic repair) ot BillAwoypadpio.

‘Eyoupe 101 del v eqoppoyy| Tou alydprduou avopplynong Aogwy ctov
TEOBANUA TV 8 BacIAGOMY.

N
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O Evpetixog Mnyaviopog twv EAdyiotwy Euyxpo{)o-so)vl

‘Otav emA€youde plor VEo Ty yia Piot ETAUBANTA, Vo YEHOOSC EURETINOG

unYaviouos elvon va ETAEYOLRE ALTH TOL VA TEOXAAESEL TOV EAAYLOTO
wptIO CLYXPOVCEWY UE TNV TREYOLOX AVAVESTY] OTIC dANEC RETABANTES
onhad”ry autr Tou Yo dWoeL Tov EAAYLOTO aptIs ReTABANTHY Tou Yo

xeeteotel va ‘emdiopUwdoiv™

O rmapamdve unyaviouos ovoudleTal EVPETIXOEC UNYAVIOROS TWY EAAYLCTWY
cuvyxpoloewy (min-conflicts heuristic) xot elvar exmAnuxd woyupde Yo
nohhd CSP.

\ J
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/ Min-Conflicts I \

function MIN-CONFLICTS( csp, maz-steps) returns a solution or failure

inputs: csp, a constraint satisfaction problem
mazx-steps, the number of steps allowed before giving up
local variables: current, a complete assignment
var, a variable
value, a value for a variable

current < an initial complete assignment for csp
for i = 1 to max-steps do
if current is a solution for csp then return current
var+«— a randomly chosen, conflicted variable from VARIABLES|csp]
value < the value v for var that minimizes CONFLICTS(var, v, current, csp)
set var=value in current
return failure

\_ J
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a N
Min-Conflicts I

Opowodc: Alo petafSAntéc Beloxovtar oe abyxpouvon av oL TWéS

Toug ToEafLEalouy Eva TEPLOPLOUG.

H ouvdptnon CONFLICTS (var, v, current, csp) vroloy(let tov
wptId TWY CLYXEOVLCEWY and TNV AVAVEST) TNE TWNC ¥ OTN
UETABANTY var, ue SedoPEV TNV UTOAOLTLY TEEYOUCA AVEUEDT) TLUMY.
Io duadwd CSP, autdg o aprdudg etval o aprdpnde twy

weTABANTOY nou Beioxovial e GOYXEOVGT KE TNV Var OTAY

var = v.
Io yevixd CSP, n yédodog pétpnone twv uetaBintaoyv tou Ja

yeetaoTel va emdtopdwidoly e€aptdtor and Tr Lopph Twy

TEQLOPLOUMY.

- /
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Hapchswp.ocI
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Egapuoyy oto IlgdBAnupa twv N Bocot.)\t.oodwl

ZEXWVOVTAC A0 JLOL XOAY| AEYLXY| XATACTACTY], O EUPETIXOC UNYAVIOUOS TWV

EAAYLOTOY LY XEOVOEWY UTOPEl Vo AOGEL TEOBARUATO UE EXATORIDELO
Baoiiiocoeg oe nepinou 50 BAuata (0TNY TEOYHATIXOTNTA, O YPOVOC
extéheoTic Tou elvan oyeddy aveEdptntogc and to wEyedog Tou
TEOPARRATOQ).

Mo xahf) apyixt) xatdotaot vnoloyiletal SlatpéyovTag Ti¢ OTHAES NG
oxoxtépac (YetaBAntéc) xou tonodet@vtac xdle Bacihooo otn yeouur (tiun)
6ToL GLYXEOVETAL UE TOV EAAYLOTO aprdud o1 TomoleTnuévey PBactiooy.

H emdibépdwon pnopet vo mpaypatonoimndel o ypbévo O(n) dtnpdvias o
Nota and dhec tic Bacihooee mou Bploxovtal o clyxpouon (dniady,
anethovvton and dilec) pall ye yetpntéc mou delyvouv to TAlog Twv

emTIUeveY Bacthloo®y Yo xdde evalhaxtixr 9€or autody Twv BactAloomy.

/
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4 )

Egappoyn oto 1Ip6BAnpa twyv N BaGL)\LcGo')vI

ITapatrenon: To npdBAnua twv N Bacthioowy elvar ebxoho yia
Ty Tomxy) avalTnon enedr ot Aol eival TUXVE XATAVEUNUEVES
OTO YWPEO AATACTACEWY.

‘Ouwe, 0 EUPETIXOC UNYAVICHOS TWV EASYLOTWV CUYXEOVCEWY UTopEl
VoL €YEL TOAD xoAd amoteréoparta xat yio dboxoha CSP.

N /
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/

A&woloymon I

Problem | BT BT+MRV | FC FC+MRYV | Min-con
USA (>1000K) (>1000K) 2K 60 64
n-Queens | (>40000K) | 13500K (>40000K) | 817K 4K
Zebra 3859K 1K 35K 0.5K 2K

~

/
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-

ef3douddec og 10 Aentd!

IpofAuata XpovonpoypaldTIooD

Io Aemtouepeieg delte tn dOnuooieuon

O gUpeTIndC UNYAVIOUOC TWY EAAYLOTWY CUYXEOVUCEWY EYEL
yenowonolnel oe ahydptduous ¥eovoTpOYPUUUATIGUOU

Topatnerioewy tou tTnheoxoémov Hubble (http://hubblesite.org/)
¢ NASA ehoytotomoidvtac 10 Ypdvo YpovoTeoYPoUUaTIoNol and 3

Steven Minton, Mark D. Johnston, Andrew B. Philips and
Philip Laird. Minimizing Conflicts: A Heuristic Repair

Method for Constraint Satisfaction and Scheduling
Problems. Artificial Intelligence 58(1-3), pages 161-205
(1992).

~
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-

\_

On-line Heptﬁo’ck)\ovtal

Ou akydpriuol tomunc avalrtnong etvon onupavtixol yia ntpoBifuata CSP
eNELOn) UmopoLy va yenowonoindoly oe on-line nepi3dAiovta énou To
TEOBANUa aAAELEL.

Iopdderypo: XpovVoTpoypoUUATIGUOC Ol ETUVO-Y POVOTPOYPUUUATIOUOC.
Ot teyvixée Tomxic avalfnone Tic onoleg €youpe pelethoet (avapplynon
NOQWY, TPOCOUOLWUEYT] AVOTTNGT), X.A.TT.) UTOPOUY ETIONG VAl EQUEUOCTOVY
xat o TpofAjuata BeATioTtonoinorg neplopiopkey (constraint

optimization problems).

N
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4 )

H Aopy evéc CSPI

Trdpyouv TpdémoL va expetalieuTolpe TN Bown evog CSP yio va
Beolue Aboelc yYpryopa:
e Anoclvieon oe aveEdptnta UTOTPOBARRATY
e 'Eleyyoc av 1o CSP elvar 8evdpoetdeg xat Ypron TNC CUVETELAC
%o TELILVOUEVNC OXUNC
o Avaywyn YEVIXW®Y YPAPwWY MERLOPIOUWY OE BEVDpAL

— Avéieon oy oe xdnoleg YeTABANTEC €TOL WOTE OL
unéroireg yetoffantéc va oynuatilouvy éva devdpoetdéc CSP.

— Kataoxeuy| yac anochvieong 6€vopou tou Ypdgpou
TEPLOPLOUWY XAl HETATEOTY| TOU OE GUVOAO GUVOEDEUEVLY

\ UTOTEOBANUATWY. /

M. Kouynropdxng
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/ AnociOvieon oe Aveddptnta Tnonpoﬁ)\ﬁpoc'cocl \

Auty) n yédodoc rertoupyel we e€ng:

o Avalntolue cuvdedepéveg ocuviotwoeg (connected
components ¢Tto ypdgpo meptopiouwy. Kdde tétola cuviotdoa
woc xadopiler éva uronpdBinua CSP;.

IMapdderypo: O ypwuatiouds tne Taocuaviog etvar éva
UTIOTIEOBATU TOU TROBANUATOSC YEWUATIONOD TOU Y3ETY TNG
Avotpallac mou elvon ave€dptnto and To TEOBANUA YEWUATICUOD
TNe urdroune Auctpaiog.

o Av xd9e CSP; éyel c yetofintée, téte 1 enthuon xdde
UTIOTIROBAAUATOC EEYWRLOTA XAl GTY) CUVEYELL O GUYOUAOUOC TWV
Nooewy anowtel ypdvo O(dC - n/c) (Yeauuxd oto n), eved 1 hoon

\ 0L apPyol TpolMiuatoc aratel ypévo O(d™) (exdetxd oto n)/
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4 I
Aevdpoeld) CSPI

B0

@ (0

Yo 0evdpoeldry CSP o ypdyoc meptoploucdy €xel tn Hop@r| dEvOpou

(Bnhadn, 800 onolecdrinote PeETABANTES GUVBEOVTAL PE TO TIOND €Vl

LOVOTIATL).

N J
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/ Aevdpoedr) CSP xou Xvuvéneia Katevduvopevng Axp.‘r']gl\

"Eva Sevdpoedéc CSP unopel vo hudel ot ypovo O(nd?) (Yeokhixd we ©poc to

Tdoc Ty YETABANTOY) we ehc:

o Emiéyouye onowdrinote uetafBAntr we plla Tou 8EVTpou Xt SLUTACCOUUE TIC
uetaBAnTéc pe ™ oepd X1, ..., X, and mn plla mpoc ta @UAN, pE TETOLO
TPOTO WOTE 0 YovEug xdle x6ufou 6To 6évTpo va Bploxetol Tpw and auTdY
o1y OLdTaln.

e T'u j = n downto 2, egapuélovue cuvénela axuhc otny oaxdy (X5, X;), 6mou
X; elvar 0 yoveag tou X, analelpovtag Tiueg and 1o medlo tng X; otav elvan
anapaitnro. Auty 1 Stadacio ovoudletar cuvERELR XATELTUVOREYNG
AXUNS.

o ['a j =1 to n, avadétouue oto X, onowadrmote TWH Tou elvol GUVETHC UE

k TV T mou avatédnxe oto X;, émou to X; elvar o yovéag tou X,

/
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Avaywyn I'eapwv Ileplopiopumy oe Aév*cpoc'

@
@ @'e:@

@

BrApa 1: Avadétouye yia tipn) otn yetafinty SA, agopolye Tic

ACLVETELS TWES aTO TG AAREC HETABANTES XA OTY) GUVEYELA APAULPOVUE

Tov x6pfo SA and o Yedpo.

o
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/ Avaywyn Feagwy Ilegopiopmy oe Aévrpoc' \

@

Brpa 2: Abvoupe 1o unompéBinua mou uével pe yerion akyoplduwy yia

Q&vﬁpoetﬁﬁ CSP. /
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4 N

ArocOvieorn Aévdpou (Tree Decomposition)
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4 )

Kegdiowo 5 tou AIMA.




