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Probl mata IkanopoÐhshc Periorism¸n

• Probl mata ikanopoÐhshc periorism¸n (constraint satisfaction
problems - CSP)

• Algìrijmoi upanaq¸rhshc

• EuretikoÐ algìrijmoi

• Algìrijmoi topik c anaz thshc

• Dom  enìc probl matoc kai duskolÐa epÐlushc tou
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Probl mata Anaz thshc

O formalismìc twn problhm�twn anaz thshc pou melet same
stic prohgoÔmenec dialèxeic eÐnai èna polÔ isqurì ergaleÐo gia
montelopoÐhsh problhm�twn pou exart�tai apì thn ènnoia thc
kat�stashc.

Gia èna algìrijmo anaz thshc, h kat�stash eÐnai èna maÔro koutÐ
me �gnwsth eswterik  dom .

Mia kat�stash mporeÐ na anaparastajeÐ apì mia dom  dedomènwn
pou exart�tai apì to dosmèno prìblhma kai mìno
exeidikeumènec sunart seic mporoÔn na èqoun prìsbash se aut :
Action, Goal-Test klp.
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Probl mata IkanopoÐhshc Periorism¸n

Ta probl mata ikanopoÐhshc periorism¸n (constraint satisfaction
problems - CSP) eÐnai probl mata anaz thshc pou èqoun apl  dom  kai
epidèqontai mia apl  tupik  anapar�stash.

Gia ta CSP, èqoume algìrijmouc anaz thshc pou ekmetalleÔontai aut  thn
apl  anapar�stash kai qrhsimopoioÔn genikoÔc euretikoÔc
mhqanismoÔc (kai ìqi eidikoÔc gia to sugkekrimèno prìblhma) gia na
epitÔqoun thn epÐlush meg�lwn problhm�twn.

H apl  dom  twn CSP mac epitrèpei, epÐshc, na orÐsoume mejìdouc
aposÔnjeshc problhm�twn (problem decomposition) kai mac
prosfèrei mia bajÔterh katanìhsh thc sqèshc an�mesa sth dom  enìc
probl matoc kai th duskolÐa epÐlus c tou.
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Probl mata IkanopoÐhshc Periorism¸n - OrismoÐ

'Ena prìblhma ikanopoÐhshc periorism¸n (CSP) orÐzetai apì:

• 'Ena sÔnolo apì metablhtèc X1, . . . , Xn. K�je metablht  Xi

èqei èna mh kenì pedÐo (domain) dunat¸n tim¸n Di.

• 'Ena sÔnolo apì periorismoÔc C1, . . . , Cm. 'Enac periorismìc
kajorÐzei touc epitreptoÔc sunduasmoÔc tim¸n gia èna
uposÔnolo tou sunìlou twn metablht¸n.

Tupik�, ènac k-adikìc periorismìc C me metablhtèc
X1, . . . , Xk eÐnai èna uposÔnolo tou kartesianoÔ ginomènou
D1 × · · · ×Dk.
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LÔsh Enìc CSP

• Mia lÔsh enìc CSP eÐnai mia an�jesh tim¸n se ìlec tic
metablhtèc h opoÐa ikanopoieÐ ìlouc touc periorismoÔc.

• 'Ena CSP onom�zetai sunepèc (consistent) an èqei mia
toul�qiston lÔsh, diaforetik� onom�zetai asunepèc
(inconsistent).
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Par�deigma: Qrwmatismìc Q�rth

Western
Australia

Northern
Territory

South
Australia

Queensland

New South Wales

Victoria

Tasmania
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Qrwmatismìc Q�rth - Tupikìc Orismìc

• Metablhtèc: WA,NT, SA, Q,NSW,V, T

• PedÐo (Ðdio gia ìlec tic metablhtèc): { red, green, blue }
• PeriorismoÐ:

C(WA, NT ) = { (red, green), (red, blue), (green, red),

(blue, red), (blue, green) }
Pio apl� WA 6= NT . OmoÐwc gia ta upìloipa zeÔgh
metablht¸n.
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Qrwmatismìc Q�rth - Tupikìc Orismìc

To parap�nw CSP eÐnai sunepèc. Mia lÔsh tou eÐnai:

{ WA = red, NT = blue, SA = green,

Q = red, NSW = blue, V = red, T = blue }
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Gr�foi Periorism¸n (Constraint Graphs)

Victoria

WA

NT

SA

Q

NSW

V

T

Gia k�je CSP mporoÔme na kataskeu�soume èna gr�fo periorism¸n. Oi
kìmboi tou gr�fou periorism¸n eÐnai oi metablhtèc tou CSP kai oi akmèc
antistoiqoÔn stouc periorismoÔc tou.
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Par�deigma: To Prìblhma twn 8 Basiliss¸n
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8 BasÐlissec - Tupikìc Orismìc

• Metablhtèc:

'Estw ìti h metablht  Xi (i = 1, . . . , 8) parist�nei th st lh pou
katalamb�nei h i-ost  basÐlissa sthn i-ost  gramm .

An oi st lec parist�nontai apì touc arijmoÔc 1, . . . , 8, tìte to
pedÐo k�je metablht c Xi eÐnai

Di = {1, 2, . . . , 8}.
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8 BasÐlissec - Tupikìc Orismìc

• PeriorismoÐ:

Gia k�je zeÔgoc metablht¸n Xi kai Xj , èqoume dÔo duadikoÔc
periorismoÔc:

– Xi 6= Xj (den up�rqei zeug�ri basiliss¸n sthn Ðdia gramm )

– |i− j| 6= |Xi −Xj | (den up�rqei zeug�ri basiliss¸n sthn
Ðdia diag¸nio)
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Par�deigma: Kruptarijmhtik 

(a)

OWTF U R

+
OWT
OWT

F O U R

X2 X1X3

(b)
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Kruptarijmhtik  - Tupikìc Orismìc

• Metablhtèc kai pedÐa:

F, T, U,W,R,O ∈ {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}

X1, X2, X3 ∈ {0, 1}
• PeriorismoÐ:

alldiff(F, T, U,W,R, O)

O + O = R + 10X1

X1 + W + W = U + 10X2

X2 + T + T = O + 10X3

X3 = F
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EÐdh Periorism¸n se Pragmatikèc Efarmogèc

Se poll� praktik� probl mata, ektìc apì touc apìlutouc
periorismoÔc (hard constraints), up�rqoun kai elastikoÐ
periorismoÐ (soft constraints).

Oi elastikoÐ periorismoÐ kwdikopoioÔn protim seic (preferences)
pou den eÐnai aparaÐthto na ikanopoihjoÔn.

Par�deigma: Sthn kat�strwsh tou wrologÐou progr�mmatoc gia
èna Panepist mio, poioi eÐnai oi apìlutoi kai poioi oi elastikoÐ
periorismoÐ?
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'Alla ParadeÐgmata CSP

• Qronoprogrammatismìc ergasi¸n

• Kat�strwsh progr�mmatoc (time tabling)

• Ikanopoihsimìthta sthn protasiak  logik 

• Qronik  sullogistik 

• Qwrik  sullogistik 

• Akèraioc, grammikìc kai mh grammikìc programmatismìc
(epiqeirhsiak  èreuna)
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TeqnologÐa CSP

Ta CSP eÐnai èna polÔ petuqhmèno par�deigma ide¸n thc
Teqnht c NohmosÔnhc me pollèc efarmogèc. Up�rqoun arketèc
exeidikeumènec etairÐec pou anaptÔssoun CSP teqnologÐec kai
pollèc epiqeir seic pou tic qrhsimopoioÔn gia na lÔsoun
sugkekrimèna probl mata beltistopoÐhshc   genikìtera sth l yh
apof�sewn:

• http://www.ilog.com

• http://www.cosytec.com

• ...

DeÐte to mplìgk http://hsimonis.wordpress.com/ gia efarmogèc
twn CSPs.
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Mia Taxinìmhsh twn CSP

• Diakritèc   suneqeÐc metablhtèc.

• Peperasmèna   mh peperasmèna pedÐa.

• AparÐjmhsh twn sunduasm¸n tim¸n pou epitrèpei ènac
periorismìc   gl¸ssec periorism¸n.

• GrammikoÐ   mh grammikoÐ periorismoÐ.

• MonadiaÐoi, duadikoÐ, . . . periorismoÐ.

Sth sunèqeia thc parousÐashc ja epikentr¸soume to endiafèron
mac se algorÐjmouc anaz thshc gia duadik� CSP me
peperasmèna pedÐa metablht¸n.
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DuadikoÐ - Mh DuadikoÐ PeriorismoÐ

K�je mh duadikì CSP me peperasmèna pedÐa metablht¸n mporeÐ na
metatrapeÐ se èna isodÔnamo duadikì.

DÔo genikèc mèjodoi gi' autì eÐnai: o duðkìc metasqhmatismìc
(dual transformation) kai h metatrop  me krufèc metablhtèc
(hidden variables).

DeÐte th dhmosÐeush

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

gia perissìterec leptomèreiec.
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Algìrijmoi Anaz thshc gia CSP

Ac efarmìsoume to genikì algìrijmo anaz thshc se èna prìblhma
CSP:

• Arqik  kat�stash: se kamÐa metablht  den èqei anatejeÐ
tim .

• Enèrgeiec: Anajètoume se k�je metablht  Xi pou den èqei
tim , opoiad pote tim  apì to Di.

• 'Elegqoc stìqou: 'Olec oi metablhtèc èqoun p�rei timèc kai
ìloi oi periorismoÐ ikanopoioÔntai.

O par�gontac diakl�dwshc s' aut  thn perÐptwsh eÐnai∑n
i=1 |Di| ìpou |Di| eÐnai o plhjikìc arijmìc tou pedÐou Di. To

teleutaÐo epÐpedo tou dèntrou èqei (
∑n

i=1 |Di|)n kìmbouc.
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Algìrijmoi Anaz thshc gia CSP

KalÔterh prosèggish: TaxinomoÔme tic metablhtèc! Ta CSP
eÐnai antimetajetik� probl mata anaz thshc, dhlad  h seir�
efarmog c twn energei¸n den èqei shmasÐa.

Qarakthristik�:

• To mègejoc tou q¸rou anaz thshc eÐnai peperasmèno. E�n oi
metablhtèc eÐnai taxinomhmènec me th seir� X1, . . . , Xn, to
pl joc twn kìmbwn sto dèntro anaz thshc eÐnai
1 +

∑n
i=1(|D1| · · · |Di|).

Pìte eÐnai to pl joc twn kìmbwn sto dèntro anaz thshc
mègisto? El�qisto?

• To b�joc tou dèntrou anaz thshc eÐnai stajerì.

• Up�rqoun parìmoia upodèntra.
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Algìrijmoi Anaz thshc gia CSP

Poioc apì touc algìrijmouc anaz thshc pou perigr�yame wc t¸ra
eÐnai kat�llhloc gia thn epÐlush CSP:

• BFS?

'Oqi! O BFS den eÐnai apodotikìc diìti oi katast�seic stìqou
brÐskontai sta fÔlla tou dèntrou anaz thshc.

• DFS?

KalÔteroc apì ton BFS. Wstìso, o DFS mporeÐ na spatal�
qrìno anazht¸ntac lÔsh, en¸ k�poioi periorismoÐ èqoun  dh
parabiasteÐ.
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Algìrijmoi Upanaq¸rhshc

Ja parousi�soume parallagèc tou DFS gia CSP. AutoÐ oi
algìrijmoi basÐzontai sthn idèa thc anaz thshc me
upanaq¸rhsh (backtracking):

Epilègoume timèc gia mia metablht  k�je for�, elègqoume
an oi periorismoÐ ikanopoioÔntai, kai upanaqwroÔme ìtan
den up�rqoun �llec epitreptèc timèc gia na epilegoÔn.
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Algìrijmoi Upanaq¸rhshc

Ja melet soume touc akìloujouc algìrijmouc upanaq¸rhshc
(backtracking algorithms) kai touc dunatoÔc sunduasmoÔc touc:

• Apl    qronologik  upanaq¸rhsh (simple or chronological
backtracking - BT)

• Pr¸ðmoc elegqoc (forward checking - FC)

• Diat rhsh sunèpeiac akm c (maintaining arc consistency -
MAC)

• Upanaq¸rhsh me �lma (backjumping - BJ)

• Upanaq¸rhsh me �lma kateujunìmeno apì sÔgkroush
(conflict-directed backjumping - CBJ)
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Apl    Qronologik  Upanaq¸rhsh (BT)

H basik  idèa se k�je algìrijmo upanaq¸rhshc eÐnai na
xekin soume me mia merik  lÔsh kai na thn epekteÐnoume mèqri na
katal xoume se mia pl rh lÔsh.

O algìrijmoc BT akoloujeÐ aut  th genik  mèjodo. Epiprìsjeta,
ìtan ft�nei se adièxodo, p�ntote upanaqwreÐ sthn teleutaÐa
lhfjeÐsa apìfash (ex' ou kai to ìnom� tou!).

function Backtracking-Search(csp)
returns a solution or failure
return Recursive-Backtracking({}, csp)
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BT

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 6= failure then return result

remove {var = value} from assignment

return failure
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O Algìrijmoc BT sthn Pr�xh: Par�deigma

Western
Australia

Northern
Territory

South
Australia

Queensland

New South Wales

Victoria

Tasmania
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Axiolìghsh tou Algìrijmou BT

• Pl rhc? Nai

• Qrìnoc: O(dne) ìpou d eÐnai o mègistoc arijmìc stoiqeÐwn
enìc pedÐou, n eÐnai o arijmìc twn metablht¸n, kai e eÐnai o
arijmìc twn periorism¸n.

• Q¸roc: O(nd). EÐnai o q¸roc pou qrei�zetai gia thn
apoj keush twn pedÐwn twn metablht¸n.

Ta parap�nw ìria qronik c kai qwrik c poluplokìthtac basÐzontai
sthn upìjesh ìti oi periorismoÐ mporoÔn na apojhkeutoÔn
qrhsimopoi¸ntac stajerì q¸ro kai oi èlegqoi twn
periorism¸n mporoÔn na gÐnoun se stajerì qrìno.
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Belti¸seic tou Algìrijmou BT

O algìrijmoc BT mporeÐ na beltiwjeÐ an d¸soume èxupnec
apant seic stic akìloujec erwt seic:

1. Poia eÐnai h epìmenh metablht  sthn opoÐa ja anajèsoume
tim  kai me poia seir� ja prèpei na elegqjoÔn oi timèc thc?

2. Poiec eÐnai oi sunèpeiec thc trèqousac an�jeshc stic
upìloipec metablhtèc pou den èqoun timèc?

3. 'Otan mia diadrom  apotugq�nei, mporeÐ aut  h anaz thsh na
apofÔgei thn Ðdia apotuqÐa se mellontikèc diadromèc?
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EuretikoÐ MhqanismoÐ Epilog c Metablht¸n

H sun�rthsh Select-Unassigned-Variable epilègei thn epìmenh
metablht  pou den èqei tim  me th seir� pou prokÔptei apì th lÐsta
Variables[csp]. Aut  h statik  epilog  metablht¸n sp�nia
katal gei se apodotik  anaz thsh.

O euretikìc mhqanismìc twn el�qistwn apomenous¸n tim¸n
(minimum remaining values - MRV) epilègei th metablht  me
tic ligìterec nìmimec timèc pou apomènoun, dhlad  elaqistopoieÐ ton
par�gonta diakl�dwshc.

Me ton MRV èqoume dunamik  epilog  metablht¸n.
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MRV - Par�deigma

Western
Australia

Northern
Territory

South
Australia

Queensland

New South Wales

Victoria

Tasmania

Er¸thsh: Poia eÐnai h metablht  sthn opoÐa ja prèpei na anatejeÐ
tim  afoÔ gÐnoun oi anajèseic

WA = red, NT = green?
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MRV - Par�deigma

Western
Australia

Northern
Territory

South
Australia

Queensland

New South Wales

Victoria

Tasmania

Ap�nthsh: H SA, epeid  gi aut n mìno h tim  blue eÐnai dunat .
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Par�deigma: Qrwmatismìc Q�rth

Western
Australia

Northern
Territory

South
Australia

Queensland

New South Wales

Victoria

Tasmania

Er¸thsh: Me poia metablht  xekin�me thn anaz thsh gia to
qrwmatismì tou q�rth thc AustralÐac?
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EuretikoÐ MhqanismoÐ Epilog c Metablht¸n

O euretikìc mhqanismìc bajmoÔ (degree heuristic) eÐnai o ex c:
epilègoume th metablht  pou emplèketai sto megalÔtero pl joc
periorism¸n me �llec metablhtèc pou den touc èqei anatejeÐ tim 
(dhlad  th metablht -kìmbo me to megalÔtero bajmì ston gr�fo
twn periorism¸n). Aut  h epilog  eÐnai statik .

Bajmìc kìmbou s' èna gr�fo eÐnai to pl joc twn akm¸n pou
prìskeintai ston kìmbo.

DiaÐsjhsh: Aux�noume th mellontik  apaleif  tim¸n, prokeimènou
na mei¸soume touc mellontikoÔc par�gontec diakl�dwshc.
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Degree Heuristic - Par�deigma

Victoria

WA

NT

SA

Q

NSW

V

T

Er¸thsh: Me poia metablht  xekin�me thn anaz thsh gia to qrwmatismì
tou q�rth thc AustralÐac?
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Degree Heuristic - Par�deigma

Victoria

WA

NT

SA

Q

NSW

V

T

Ap�nthsh: Me thn SA pou èqei bajmì 5. 'Olec oi �llec metablhtèc èqoun
bajmì 2   3 ektìc apì thn T pou èqei bajmì 0.
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EuretikoÐ MhqanismoÐ Epilog c Metablht¸n

O MRV eÐnai sun jwc pio isqurìc apì ton degree heuristic.
MporoÔn na qrhsimopoihjoÔn mazÐ: ìtan o MRV den mporeÐ na
xeqwrÐsei dÔo metablhtèc, qrhsimopoieÐtai o degree heuristic.

Ja qrhsimopoi soume ton ìro MRV gia na anaferjoÔme se autì
to sunduasmì euretik¸n mhqanism¸n.
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Axiolìghsh

Problem BT BT+MRV 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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EuretikoÐ MhqanismoÐ Epilog c Tim¸n

Apì th stigm  pou mia metablht  èqei epilegeÐ, o algìrijmoc prèpei
na apofasÐsei me poia seir� prèpei na exet�sei tic timèc thc.

O euretikìc mhqanismìc thc ligìtero desmeÔousac tim c
(least-constraining value - LCV) protim� thn tim  pou
apokleÐei tic ligìterec epilogèc tim¸n apì tic geitonikèc metablhtèc
tou gr�fou periorism¸n. M' �lla lìgia, mac dÐnei th mègisth
euelixÐa gia tic epìmenec anajèseic metablht¸n.

O LCV den eÐnai qr simoc an endiaferìmaste gia ìlec tic lÔseic  
an to prìblhma den èqei lÔsh.

US02 Teqnht  NohmosÔnh M. Koumpar�khc'

&

$

%

LCV - Par�deigma

Western
Australia

Northern
Territory

South
Australia

Queensland

New South Wales

Victoria

Tasmania

Er¸thsh: Poia eÐnai h tim  pou ja anatejeÐ sth metablht  Q met� tic
anajèseic WA = red, NT = green?
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LCV - Par�deigma

Western
Australia

Northern
Territory

South
Australia

Queensland

New South Wales

Victoria

Tasmania

Ap�nthsh: MporoÔme na epilèxoume mìno blue   red. H tim  blue den eÐnai
kal  epilog  sÔmfwna me thn LCV: apokleÐei thn Ðdia tim  apì dÔo
geitonikèc metablhtèc (NSW kai SA). H red eÐnai kalÔterh diìti apokleÐei
thn Ðdia tim  mìno apì thn NSW .
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Di�dosh Periorism¸n

H kentrik  idèa thc di�doshc periorism¸n (constraint
propagation) eÐnai na l�boume upìyh mac touc dojèntec
periorismoÔc ìso nwrÐc mporoÔme kat� th di�rkeia thc anaz thshc  
akìma kai prin arqÐsei h anaz thsh!

Gia par�deigma, se k�je b ma thc anaz thshc mporoÔme na
kladeÔoume tm mata tou q¸rou anaz thshc pou apomènei na
exereunhjeÐ, exet�zontac tic sunèpeiec twn merik¸n anajèsewn. Oi
algìrijmoi pou èqoun protajeÐ gi' autì onom�zontai suqn�
algìrijmoi pou blèpoun mprost� (look-ahead).
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Pr¸imoc 'Elegqoc (Forward Checking - FC)

O algìrijmoc tou pr¸imou elègqou sthrÐzetai sthn ikanopoÐhsh
thc akìloujhc sunj khc:

Gia k�je metablht  sthn opoÐa den èqei anatejeÐ tim ,
up�rqei toul�qiston mia tim  sto pedÐo thc pou eÐnai
sunep c me tic timèc pou èqoun anatejeÐ se �llec
metablhtèc.
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FC

O FC leitourgeÐ wc ex c: k�je for� pou mia tim  v anatÐjetai se
mia metablht  X, o FC exet�zei k�je metablht  Y sthn opoÐa den
èqoun anatejeÐ timèc kai diagr�fei ìlec tic timèc thc Y pou eÐnai
asunepeÐc me thn v apì to pedÐo thc. An aut  h enèrgeia èqei san
apotèlesma to pedÐo thc Y na gÐnei kenì, tìte h v aporrÐptetai.

O algìrijmoc FC qrhsimopoieÐtai sun jwc mazÐ me ton euretikì
mhqanismì MRV, mia pou oi apaitoÔmenec domèc gia thn
ulopoÐhsh tou MRV qrhsimopoioÔntai kai apì ton FC.
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FC QwrÐc MRV - Par�deigma

R G B R G B R G B R G B R G B R G B R G B
R G B R G B R G B R G B G B R G B
R B G R B R G B B R G B
R B G R B R G B

Initial domains
After WA=red
After Q=green
After V=blue

WA NT Q NSW V SA T

US02 Teqnht  NohmosÔnh M. Koumpar�khc'

&

$

%

Axiolìghsh

Problem BT BT+MRV 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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Par�deigma Duskolìterhc Asunèpeiac

Western
Australia

Northern
Territory

South
Australia

Queensland

New South Wales

Victoria

Tasmania

H an�jesh WA = red, Q = green sunep�getai NT = blue, SA = blue.
Aut  h asunèpeia den aniqneÔetai apì ton FC amèswc met� pou ja dojoÔn
timèc stic metablhtèc WA kai Q.
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Par�deigma

H merik  an�jesh
WA = red, Q = green

mazÐ me touc periorismoÔc tou probl matoc

WA 6= NT, WA 6= SA, Q 6= NT, Q 6= SA

WA, Q ∈ {red, blue, green}
sunep�getai

NT = blue, SA = blue.

AutoÐ oi sunepagìmenoi (implied) periorismoÐ mazÐ me ton arqikì
periorismì NT 6= SA eÐnai asunepeÐc (inconsistent).

O mhqanismìc tou FC den perilamb�nei autì to deÔtero b ma
di�doshc periorism¸n.
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Sunèpeia Akm c (Arc Consistency)

H ènnoia thc sunèpeiac akm c mac dÐnei èna isqurìtero ergaleÐo
di�doshc periorism¸n.

Orismìc. 'Estw X, Y metablhtèc enìc CSP P kai (X, Y ) mia
kateujunìmenh akm  sto gr�fo periorism¸n tou P . H akm  (X,Y )
onom�zetai sunep c an gia k�je tim  x tou X, up�rqei mia tim  y

tou Y ètsi ¸ste h x na eÐnai sunep c me thn y.

Orismìc. 'Ena CSP onom�zetai sunepèc wc proc tic akmèc (arc
consistent) an ìlec oi akmèc tou gr�fou periorism¸n tou eÐnai
sunepeÐc.
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To Par�deigma Epanadiatupwmèno

R G B R G B R G B R G B R G B R G B R G B
R G B R G B R G B R G B G B R G B
R B G R B R G B B R G B
R B G R B R G B

Initial domains
After WA=red
After Q=green
After V=blue

WA NT Q NSW V SA T
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Par�deigma

Jewr ste thn trÐth gramm  tou parap�nw pÐnaka gia to prìblhma tou
qrwmatismoÔ tou q�rth thc AustralÐac me qr sh tou FC (th gramm 
sthn opoÐa k�noume an�jesh tim c sthn Q).

Se autì to st�dio tou algìrijmou, ac elègxoume th sunèpeia merik¸n
akm¸n tou gr�fou periorism¸n:

• Akm  (SA, NSW ): Ta trèqonta pedÐa twn kìmbwn SA kai NSW

eÐnai { blue } kai { red, blue }, gi' autì h (SA, NSW ) eÐnai
sunep c.

• Akm  (NSW,SA): Aut  eÐnai asunep c, epeid  h an�jesh
NSW = blue den èqei sunep  an�jesh gia to SA. Se aut  thn
perÐptwsh, ja prèpei na diagr�youme thn tim  blue apì to pedÐo
thc NSW gia na k�noume thn akm  sunep .
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Par�deigma

• Akm  (SA, NT ): Aut  h akm  eÐnai asunep c epeid  to trèqon
pedÐo gia tic SA kai NT eÐnai {blue}. An prospaj soume na
k�noume aut  thn akm  sunep , ja diagr�youme thn tim  blue

apì to pedÐo thc SA, af nontac autì to pedÐo kenì.

'Etsi, h efarmog  thc sunèpeiac akm c od ghse nwrÐtera ston
entopismì miac asunèpeiac kat� th di�rkeia thc anaz thshc.
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Sunèpeia Akm c

Ston algìrijmo BT, h sunèpeia akm c mporeÐ na efarmosteÐ wc:

• B ma proepexergasÐac (preprocessing step) prin arqÐsei h
anaz thsh.

• B ma di�doshc periorism¸n (constraint propagation step) met�
apì k�je an�jesh (epanalhptik�, mèqri na mhn up�rqoun �llec
asunèpeiec akm c). O nèoc algìrijmoc pou prokÔptei eÐnai gnwstìc wc
MAC (maintaining arc consistency).

Par�deigma: An qrhsimopoi soume ton MAC met� thn an�jesh

WA = red, Q = green

sto par�deigma qrwmatismoÔ q�rth, anakalÔptoume amèswc thn adunamÐa
epèktashc aut c thc an�jeshc epeid  h akm  (SA,NT ) eÐnai asunep c.
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O Algìrijmoc AC-3

function AC-3( csp) returns the CSP, possibly with reduced domains
inputs: csp, a binary CSP with variables {X1, X2, . . . , Xn}
local variables: queue, a queue of arcs, initially all the arcs in csp

while queue is not empty do
(Xi, Xj)←Remove-First(queue)
if Remove-Inconsistent-Values(Xi, Xj) then

for each Xk in Neighbors[Xi] do
add (Xk, Xi) to queue
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O Algìrijmoc AC-3

function Remove-Inconsistent-Values(Xi, Xj) returns true
iff we remove a value

removed← false
for each x in Domain[Xi] do

if no value y in Domain[Xj ] allows (x,y) to satisfy
the constraint between Xi and Xj then

delete x from Domain[Xi]; removed← true
return removed
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AC-3

O AC-3 ekteleÐtai se O(n2d3) qrìno, ìpou n eÐnai to pl joc twn
metablht¸n kai d eÐnai to mègisto pl joc tim¸n enìc pedÐou.

Apìdeixh:

• 'Ena duadikì CSP èqei to polÔ O(n2) akmèc

• Mia akm  mporeÐ na eisèljei sthn our� to polÔ d forèc.

• O èlegqoc sunèpeiac mia akm c mporeÐ na gÐnei se qrìno O(d2).

Up�rqoun taqÔteroi algìrijmoi sunèpeiac akm c.
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'Allec 'Ennoiec Sunèpeiac

• 1-consistency   sunèpeia kìmbou: 'Ena CSP eÐnai
1-consistent an kai mìno an gia k�je monadiaÐo periorismì c(X)
isqÔei to ex c: gia k�je tim  v ∈ domain(X), v eÐnai mia lÔsh
tou c.

Gia na gÐnei èna CSP 1-consistent, afairoÔme apì to pedÐo k�je
metablht c X pou èmfanÐzetai s' èna monadiaÐo periorismì c(X)
tic timèc v pou parabi�zoun thn parap�nw sunj kh.

• 2-consistency   sunèpeia akm c.
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Isqurìterec 'Ennoiec Sunèpeiac

• 3-consistency   path consistency

• 4-consistency

• ...

• k-consistency

• ...

• global consistency (k-consistency gia ìla ta 1 ≤ k ≤ n se
èna CSP me n metablhtèc).
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k-sunèpeia

Orismìc. 'Ena CSP eÐnai k-consistent e�n k�je an�jesh tim¸n se
k − 1 metablhtèc {X1 = v1, . . . , Xk−1 = vk−1} pou ikanopoieÐ ìlouc
touc periorismoÔc pou emplèkoun tic metablhtèc X1, . . . , Xk−1,
mporeÐ na epektajeÐ se mia an�jesh
{X1 = v1, . . . , Xk−1 = vk−1, Xk = vk} pou ikanopoieÐ ìlouc touc
periorismoÔc pou emplèkoun tic metablhtèc X1, . . . , Xk−1, Xk.

Gia na gÐnei èna CSP k-consistent, eis�goume sto CSP nèouc
periorismoÔc me k − 1 metablhtèc pou apokleÐoun tic anajèseic se
k − 1 metablhtèc pou parabi�zoun thn parap�nw sunj kh. AutoÐ oi
periorismoÐ èpontai logik� apì touc up�rqontec periorismoÔc, all�
h efarmog  thc k-sunèpeiac touc fèrnei sto fwc.
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Par�deigma

To CSP

X1 −X2 ≤ 2, X2 −X3 ≤ 5, X1 −X3 ≤ 10, X1, X2, X3 ∈ [0, 100]

eÐnai 1-consistent kai 2-consistent all� ìqi 3-consistent. Gia
par�deigma, h an�jesh metablht¸n

{X1 = 10, X3 = 0}

pou ikanopoieÐ ton periorismì X1 −X3 ≤ 10 den mporeÐ na epektajeÐ
se mia an�jesh tim¸n stic metablhtèc X1, X3, X2 pou ikanopoieÐ kai
touc treic periorismoÔc.
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Par�deigma

To CSP

X1 −X2 ≤ 2, X2 −X3 ≤ 5, X1 −X3 ≤ 7, X1, X2, X3 ∈ [0, 100]

pou èqei ènan austhrìtero periorismì p�nw sta X1, X3 eÐnai
3-consistent.

O periorismìc X1 −X3 ≤ 7 sunep�getai apì touc dosmènouc
periorismoÔc kai mporeÐ na exaqjeÐ me di�dosh periorism¸n.
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'Allec 'Ennoiec Sunèpeiac

Oi ènnoiec sunèpeiac pou eÐnai isqurìterec apì th sunèpeia akm c
mporoÔn na qrhsimopoihjoÔn apì touc algìrijmouc upanaq¸rhshc
me parìmoio trìpo.

Se k�je b ma thc diadikasÐac anaz thshc, oi èlegqoi sunèpeiac
fèrnoun sto fwc tic sunèpeiec twn periorism¸n exet�zontac
3 metablhtèc, 4 metablhtèc, ..., n metablhtèc k�je for�.

Prosoq : To kìstoc twn bhm�twn di�doshc periorism¸n prèpei
prosektik� na exisorrophjeÐ me ta pleonekt mat� touc. 'Enac
trìpoc gia na to kajorÐsoume autì eÐnai na k�noume mia leptomer 
peiramatik  melèth.
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Eufu c Upanaq¸rhsh (Intelligent Backtracking)

Oi algìrijmoi upanaq¸rhshc mporoÔn na gÐnoun pio apodotikoÐ an
upanaqwroÔn me pio èxupno trìpo! Oi teqnikèc pou èqoun protajeÐ
gia na epiteuqjeÐ autì, suqn� anafèrontai wc teqnikèc look-back.

H idèa aut¸n twn teqnik¸n eÐnai na mhn upanaqwroÔme qronologik�
ìpwc o BT, all� me k�poio eufu  trìpo, proc thn pragmatik 
aitÐa thc apotuqÐac.
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Qronologik  Upanaq¸rhsh

Western
Australia

Northern
Territory

South
Australia

Queensland

New South Wales

Victoria

Tasmania
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Qronologik  Upanaq¸rhsh

Ac efarmìsoume ton BT sto prìblhma tou qrwmatismoÔ q�rth me
thn akìloujh statik  seir� epilog c metablht¸n:

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

'Estw ìti èqoume par�gei thn akìloujh merik  an�jesh:

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

'Otan epilèxoume thn epìmenh metablht  (SA), blèpoume ìti k�je
tim  thc parabi�zei èna periorismì. T¸ra o BT mac epib�llei na
upanaqwr soume kai na dokim�soume èna nèo qr¸ma gia thn
TasmanÐa. Autì den eÐnai kajìlou kal  idèa!
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Upanaq¸rhsh me 'Alma (Backjumping)

O algìrijmoc upanaq¸rhshc me �lma (backjumping - BJ) eÐnai
ènac algìrijmoc eufuoÔc upanaq¸rhshc.

'Otan ft�noume se adièxodo (dead-end) gia mia metablht  X, o
BJ den upanaqwreÐ sthn prohgoÔmenh metablht  ìpwc o BT, all�
sth metablht  pou brÐsketai bajÔtera sto dèntro anaz thshc
(dhlad  sthn pio prìsfath metablht ) pou eÐqe san sunèpeia na
apaleifjeÐ mia tim  apì to pedÐo thc X.
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Adièxodo - SÔnolo SugkroÔsewn

EÐmaste se adièxodo gia mia metablht  X, ìtan k�je dunat  tim 
thc X mazÐ me thn mèqri t¸ra merik  an�jesh parabi�zei k�poio
periorismì (sunep¸c apaleÐfetai apì to pedÐo thc X).

'Otan ft�soume se adièxodo gia mia metablht  X, to sÔnolo twn
metablht¸n thc merik c an�jeshc pou prok�lesan thn apaleif 
ìlwn twn tim¸n apì to pedÐo thc X onom�zetai sÔnolo
sugkroÔsewn (conflict set) thc X.
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BJ - Par�deigma

Western
Australia

Northern
Territory

South
Australia

Queensland

New South Wales

Victoria

Tasmania
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BJ

Ac efarmìsoume t¸ra ton BJ sto prìblhma tou qrwmatismoÔ q�rth
me thn Ðdia statik  seir� epilog c metablht¸n pou efarmìsame
nwrÐtera gia ton BT:

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

'Estw ìti èqoume par�gei thn akìloujh merik  an�jesh:

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

'Otan epilèxoume thn epìmenh metablht  (SA) blèpoume ìti k�je
tim  thc parabi�zei èna periorismì.

Oi prohgoÔmenec metablhtèc pou prok�lesan thn apìrriyh ìlwn
twn pijan¸n tim¸n gia thn SA (dhlad  ta mèlh tou sunìlou
sugkroÔsewn thc SA) eÐnai oi Q,NSW,V . T¸ra o BJ epib�llei
na upanaqwr soume sthn metablht  V .
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BJ

O BJ upanaqwreÐ me �lma mìno ìtan brejoÔme se adièxodo pou
prokÔptei apì tic prohgoÔmenec anajèseic.

Gia na ulopoi soume ton BJ, ft�nei na jumìmaste th metablht 
pou brÐsketai bajÔtera sto dèndro anaz thshc kai
prok�lese thn apìriyh k�poiac tim c thc trèqousac
metablht c (dhl. th metablht  tou sunìlou sugkroÔsewn pou
brÐsketai bajÔtera).
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SÔgkrish BJ kai FC

'Otan o BJ pragmatopoieÐ èna �lma proc ta pÐsw, ìlec oi timèc enìc
pedÐou brÐskontai se sÔgkroush me thn trèqousa an�jesh. Autì to
gegonìc ja eÐqe anakalufjeÐ nwrÐtera apì ton FC!

Prìtash. K�je kladÐ tou dèntrou anaz thshc pou kladeÔetai apì
ton BJ kladeÔetai kai apì ton FC.

Sunep¸c, o BJ eÐnai perittìc se mia anaz thsh pou qrhsimopoieÐ ton
FC   ènan isqurìtero algìrijmo di�doshc periorism¸n ìpwc ton
MAC.
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Apì ton BJ ston CBJ

Ac jewr soume kai p�li ton BJ sto prìblhma tou qrwmatismoÔ
q�rth me thn akìloujh statik  seir� epilog c metablht¸n:

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

'Estw ìti èqoume par�gei thn ex c merik  an�jesh:

WA = red, NSW = red

Aut  h an�jesh den mporeÐ na mac odhg sei se lÔsh.

All� ac k�noume thn an�jesh T = red, kai ac suneqÐsoume me tic
metablhtèc NT, Q, V, SA. Autì den ja petÔqei kai kat� sunèpeia
ja exantlhjoÔn oi dunatèc timèc gia thn NT . Se poi� metablht  ja
prèpei na upanaqwr soume?
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Par�deigma

Western
Australia

Northern
Territory

South
Australia

Queensland

New South Wales

Victoria

Tasmania
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Apì ton BJ ston CBJ

O BJ den mporeÐ na mac bohj sei s' aut  thn perÐptwsh epeid  to
sÔnolo sugkroÔsewn thc NT eÐnai kenì.

Autì sumbaÐnei giatÐ h NT èqei timèc pou eÐnai sunepeÐc me ìlec tic
prohgoÔmenec metablhtèc (an kai kamÐa apì autèc tic timèc den
mporeÐ na mac odhg sei se lÔsh), �ra den eÐmaste se adièxodo.

Prosèxte ìti s' aut  thn perÐptwsh, oi metablhtèc NT,Q, V, SA

san sÔnolo èrqontai se sÔgkroush me tic prohgoÔmenec
metablhtèc.
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Apì ton BJ ston CBJ

Autì odhgeÐ se mia bajÔterh ènnoia tou sunìlou sugkroÔsewn
miac metablht c X: eÐnai to sÔnolo twn prohgoÔmenwn
metablht¸n pou od ghse th metablht  X, mazÐ me
opoiesd pote epìmenec metablhtèc, se apotuqÐa.

Me to nèo orismì, to sÔnolo sugkroÔsewn gia thn NT eÐnai
{WA, NSW} kai ja prèpei na upanaqwr soume sthn NSW .

Aut  eÐnai h basik  idèa tou algìrijmou upanaq¸rhshc me �lma
kateujunìmeno apì sÔgkroush (conflict-directed
backjumping - CBJ).
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CBJ

Gia thn ulopoÐhsh tou algìrijmou CBJ, k�je metablht  èqei èna
sÔnolo sugkroÔsewn pou upologÐzetai wc ex c:

• 'Otan h an�jesh tim c vi sthn trèqousa metablht  Xi eÐnai
asunep c me thn tim  vk pou èqei anatejeÐ se mia prohgoÔmenh
metablht  Xk, tìte h Xk prostÐjetai sto sÔnolo
sugkroÔsewn thc Xi.

• 'Otan den up�rqoun �llec timèc proc dokim  gia thn Xi, o CBJ
upanaqwreÐ proc th metablht  Xh tou sunìlou sugkroÔsewn
thc Xi pou brÐsketai bajÔtera sto dèntro anaz thshc.
Tautìqrona, oi metablhtèc sto sÔnolo sugkroÔsewn thc Xi

(ektìc apì thn Xh) prostÐjentai sto sÔnolo
sugkroÔsewn thc Xh, ètsi ¸ste na mh qajeÐ plhroforÐa gia
sugkroÔseic. Aut  eÐnai h shmantikìterh diafor� tou CBJ apì
ton BJ.
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Ektèlesh tou CBJ sto Par�deigm� mac

Seir� Epilog c Metablht¸n: WA, NSW,T, NT, Q, V, SA

Seir� Epilog c Tim¸n: red, blue, green

O CBJ ekteleÐtai wc ex c (parousi�zoume tic timèc pou anatÐjentai stic
metablhtèc kai ta sÔnola sugkroÔsewn):

• WA = red

• NSW = red

• T = red

• NT = blue, CS(NT ) = {WA}
• Q = green, CS(Q) = {NSW, NT}
• V = blue, CS(V ) = {NSW}
• H SA den mporeÐ na p�rei k�poia tim  kai CS(SA) = {NSW, V, Q}.

UpanaqwroÔme sthn V (th metablht  tou sunìlou sugkroÔsewn pou eÐnai
bajÔtera sto dèntro anaz thshc). To CS(V ) gÐnetai {NSW, Q}.
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Ektèlesh tou CBJ sto Par�deigm� mac

Seir� Epilog c Metablht¸n: WA,NSW,T, NT, Q, V, SA

Seir� Epilog c Tim¸n: red, blue, green

O CBJ suneqÐzei wc ex c:

• V = green, CS(V ) = {NSW,Q}
• H SA den mporeÐ na p�rei kamia tim  kai CS(SA) = {NSW,NT, V }.

UpanaqwroÔme sthn V . To CS(V ) gÐnetai {NSW,NT, Q}.
• H V den èqei kami� �llh diajèsimh tim  kai CS(V ) = {NSW,NT, Q}.

UpanaqwroÔme sthn Q. To CS(Q) gÐnetai {NSW,NT}.
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Ektèlesh tou CBJ gia to Par�deigm� mac

Seir� Epilog c Metablht¸n: WA,NSW,T, NT, Q, V, SA

Seir� Epilog c Tim¸n: red, blue, green

O CBJ suneqÐzei wc ex c:

• Den up�rqoun �llec timèc proc dokim  gia thn Q kai
CS(Q) = {NSW,NT}.
UpanaqwroÔme sthn NT . To CS(NT ) gÐnetai {NSW,WA}.

• NT = green, CS(NT ) = {WA,NSW}.
T¸ra oi metablhtèc Q,V, SA ja dokimastoÔn me parìmoio trìpo kai den ja
brejeÐ lÔsh.
'Otan xanagurÐsoume pÐsw sthn NT gia thn opoÐa den up�rqoun �llec
dunatèc timèc, upanaqwroÔme sthn NSW (sth metablht  tou sunìlou
sugkroÔsewn thc NT pou brÐsketai bajÔtera sto dèndro anaz thshc) kai
ìqi sthn T .
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UbridikoÐ Algìrijmoi

Oi algìrijmoi upanaq¸rhshc pou parousi�same mèqri t¸ra an koun
se dÔo kathgorÐec:

• Algìrijmoi di�doshc periorism¸n (FC, MAC)

• Algìrijmoi eufuoÔc upanaq¸rhshc (BJ, CBJ)

Oi teqnikèc twn dÔo kathgori¸n mporoÔn na sunduastoÔn gia na
anaptÔxoume ubridikoÔc algìrijmouc upanaq¸rhshc, gia
par�deigma, ton FC-CBJ   ton MAC-CBJ.

Oi euretikoÐ mhqanismoÐ pou parousi�same mporoÔn na sunduastoÔn
kai m' autoÔc touc ubridikoÔc algìrijmouc.
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M�jhsh Periorism¸n

O algìrijmoc CBJ mac xanagurÐzei sto swstì shmeÐo tou dèndrou
anaz thshc pou eÐnai upeÔjuno gia thn apotuqÐa eÔreshc lÔshc. 'Omwc den
mac empodÐzei na k�noume ta Ðdia l�jh se �lla kladi� tou dèntrou
anaz thshc.

H mèjodoc thc m�jhshc periorism¸n (constraint learning) tropopoieÐ
to dosmèno CSP prosjètontac periorismoÔc pou prokÔptoun apì (ìso to
dunatìn pio mikr�) sÔnola sugkroÔsewn me thn elpÐda ìti autoÐ oi
periorismoÐ ja apoboÔn qr simoi sth sunèqeia.

Den ja parousi�soume tic leptomèreiec twn sqetik¸n algorÐjmwn. An to
jèma sac endiafèrei, deÐte to Kef�laio 6 tou biblÐou

Rina Dechter. Constraint Processing. Morgan Kaufmann. 2003
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Axiolìghsh AlgorÐjmwn Upanaq¸rhshc

Krit ria:

1. Qronik /qwrik  poluplokìthta qeirÐsthc perÐptwshc

2. Qrìnoc ektèleshc

3. Pl joc kìmbwn pou episkeptìmaste sto dèntro anaz thshc

4. Pl joc elègqwn sunèpeiac pou pragmatopoioÔntai
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Axiolìghsh Algìrijmwn Upanaq¸rhshc

Apotelèsmata:

• Oi BT, FC, BJ, CBJ, MAC kai oi parallagèc touc èqoun
ekjetik  qronik  poluplokìthta sth qeirìterh perÐptwsh.

• O qrìnoc ektèleshc mporeÐ na poikÐlei lìgw twn leptomerei¸n
k�je ulopoÐhshc.

• Pl joc kìmbwn pou episkeptìmaste:

FC-CBJ ≤ FC ≤ BJ ≤ BT

CBJ ≤ BJ

MAC-CBJ ≤ MAC ≤ FC
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Axiolìghsh Algìrijmwn Upanaq¸rhshc

• Pl joc elègqwn sunèpeiac pou pragmatopoioÔntai:

CBJ ≤ BJ ≤ BT

FC-CBJ ≤ FC

O FC mporeÐ na pragmatopoi sei perissìterouc   ligìterouc
elègqouc apì ton BJ kai ton BT an�loga me to prìblhma.

• Peiramatik� apotelèsmata èqoun deÐxei ìti stic perissìterec
peript¸seic ènac kalìc algìrijmoc di�doshc periorism¸n (ìpwc
o MAC   o FC) se sunduasmì me èna kalì sÔnolo euretik¸n
mhqanism¸n (ìpwc o MRV kai o LCV) mporeÐ na lÔsei dÔskola
CSP me epituqÐa.
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Sqetik� DhmosieÔmata kai Logismikì

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

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

• csplib: Mia biblioj kh sunart sewn thc C gia thn epÐlush
duadik¸n CSP.

Ta parap�nw eÐnai diajèsima sthn istoselÐda tou Peter van Beek:
http://ai.uwaterloo.ca/~vanbeek

US02 Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

Algìrijmoi Topik c Anaz thshc gia CSP

'Oloi oi algìrijmoi upanaq¸rhshc pou parousi�same wc t¸ra eÐnai
susthmatikoÐ: exereunoÔn to q¸ro anaz thshc prosektik�
krat¸ntac plhroforÐec gia k�je diadrom  pou exereÔnhsan mèqri na
broun mia lÔsh.

'Eqoume  dh dei pwc epilÔoume probl mata anaz thshc (p.q., to
prìblhma twn n-basiliss¸n) qrhsimopoi¸ntac topik  anaz thsh.
MporoÔme na lÔsoume opoiod pote CSP me algìrijmouc topik c
anaz thshc?
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Algìrijmoi Topik c Anaz thshc

Idèa: Xekin�me me mia �lÔsh� kai ekteloÔme metatropèc mèqri na
ft�soume se mia lÔsh. Grafik�:

evaluation

current
state
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Algìrijmoi Topik c Anaz thshc gia CSP

H topik  anaz thsh eÐnai idiaÐtera qr simh gia epÐlush CSP. 'Enac
algìrijmoc topik c anaz thshc xekin� me mia tuqaÐa an�jesh tim¸n se
metablhtèc kai sth sunèqeia metab�llei (epidiorj¸nei) aut  thn an�jesh
mèqri na gÐnei lÔsh.

AutoÐ oi algìrijmoi anafèrontai kai wc algìrijmoi euretik c
epidiìrjwshc (heuristic repair) sth bibliografÐa.

'Eqoume  dh dei thn efarmog  tou algìrijmou anarrÐqhshc lìfwn ston
prìblhma twn 8 basiliss¸n.
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O Euretikìc Mhqanismìc twn El�qistwn SugkroÔsewn

'Otan epilègoume mia nèa tim  gia mia metablht , ènac qr simoc euretikìc
mhqanismìc eÐnai na epilègoume aut  pou ja prokalèsei ton el�qisto
arijmì sugkroÔsewn me thn trèqousa an�jesh stic �llec metablhtèc
dhlad  aut  pou ja d¸sei ton el�qisto arijmì metablht¸n pou ja
qreiasteÐ na �epidiorjwjoÔn".

O parap�nw mhqanismìc onom�zetai euretikìc mhqanismìc twn el�qistwn
sugkroÔsewn (min-conflicts heuristic) kai eÐnai ekplhktik� isqurìc gia
poll� CSP.
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Min-Conflicts

function Min-Conflicts(csp,max-steps) returns a solution or failure
inputs: csp, a constraint satisfaction problem

max-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
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Min-Conflicts

Orismìc: DÔo metablhtèc brÐskontai se sÔgkroush an oi timèc
touc parabi�zoun èna periorismì.

H sun�rthsh Conflicts(var, v, current, csp) upologÐzei ton
arijmì twn sugkroÔsewn apì thn an�jesh thc tim c v sth
metablht  var, me dedomènh thn upìloiph trèqousa an�jesh tim¸n.

Gia duadik� CSP, autìc o arijmìc eÐnai o arijmìc twn
metablht¸n pou brÐskontai se sÔgkroush me thn var ìtan
var = v.

Gia genik� CSP, h mèjodoc mètrhshc twn metablht¸n pou ja
qreiasteÐ na epidiorjwjoÔn exart�tai apì th morf  twn
periorism¸n.
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Par�deigma
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Efarmog  sto Prìblhma twn N Basiliss¸n

Xekin¸ntac apì mia kal  arqik  kat�stash, o euretikìc mhqanismìc twn
el�qistwn sugkroÔsewn mporeÐ na lÔsei probl mata me ekatommÔria
basÐlissec se perÐpou 50 b mata (sthn pragmatikìthta, o qrìnoc
ektèles c tou eÐnai sqedìn anex�rthtoc apì to mègejoc tou
probl matoc).

Mia kal  arqik  kat�stash upologÐzetai diatrèqontac tic st lec thc
skakièrac (metablhtèc) kai topojet¸ntac k�je basÐlissa sth gramm  (tim )
ìpou sugkroÔetai me ton el�qisto arijmì  dh topojethmènwn basiliss¸n.

H epidiìrjwsh mporeÐ na pragmatopoihjeÐ se qrìno O(n) diathr¸ntac mia
lÐsta apì ìlec tic basÐlissec pou brÐskontai se sÔgkroush (dhlad ,
apeiloÔntai apì �llec) mazÐ me metrhtèc pou deÐqnoun to pl joc twn
epitijèmenwn basiliss¸n gia k�je enallaktik  jèsh aut¸n twn basiliss¸n.
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Efarmog  sto Prìblhma twn N Basiliss¸n

Parat rhsh: To prìblhma twn N basiliss¸n eÐnai eÔkolo gia
thn topik  anaz thsh epeid  oi lÔseic eÐnai pukn� katanemhmènec
sto q¸ro katast�sewn.

'Omwc, o euretikìc mhqanismìc twn el�qistwn sugkroÔsewn mporeÐ
na èqei polÔ kal� apotelèsmata kai gia dÔskola CSP.
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Axiolìghsh

Problem BT BT+MRV 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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Probl mata QronoprogrammatismoÔ

O euretikìc mhqanismìc twn el�qistwn sugkroÔsewn èqei
qrhsimopoihjeÐ se algìrijmouc qronoprogrammatismoÔ
parathr sewn tou thleskìpiou Hubble (http://hubblesite.org/)
thc NASA elaqistopoi¸ntac to qrìno qronoprogrammatismoÔ apì 3
ebdom�dec se 10 lept�!

Gia leptomèreiec deÐte th dhmosÐeush

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).



US02 Teqnht  NohmosÔnh M. Koumpar�khc'

&

$

%

On-line Perib�llonta

Oi algìrijmoi topik c anaz thshc eÐnai shmantikoÐ gia probl mata CSP
epeid  mporoÔn na qrhsimopoihjoÔn se on-line perib�llonta ìpou to
prìblhma all�zei.

Par�deigma: Qronoprogrammatismìc kai epana-qronoprogrammatismìc.

Oi teqnikèc topik c anaz thshc tic opoÐec èqoume melet sei (anarrÐqhsh
lìfwn, prosomoiwmènh anìpthsh, k.l.p.) mporoÔn epÐshc na efarmostoÔn
kai se probl mata beltistopoÐhshc periorism¸n (constraint
optimization problems).
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H Dom  enìc CSP

Up�rqoun trìpoi na ekmetalleutoÔme th dom  enìc CSP gia na
broÔme lÔseic gr gora:

• AposÔnjesh se anex�rthta upoprobl mata

• 'Elegqoc an to CSP eÐnai dendroeidèc kai qr sh thc sunèpeiac
kateujunìmenhc akm c

• Anagwg  genik¸n gr�fwn periorism¸n se dèndra:

– An�jesh tim¸n se k�poiec metablhtèc ètsi ¸ste oi
upìloipec metablhtèc na sqhmatÐzoun èna dendroeidèc CSP.

– Kataskeu  miac aposÔnjeshc dèndrou tou gr�fou
periorism¸n kai metatrop  tou se sÔnolo sundedemènwn
upoproblhm�twn.
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AposÔnjesh se Anex�rthta Upoprobl mata

Aut  h mèjodoc leitourgeÐ wc ex c:

• AnazhtoÔme sundedemènec sunist¸sec (connected
components sto gr�fo periorism¸n. K�je tètoia sunist¸sa
mac kajorÐzei èna upoprìblhma CSPi.

Par�deigma: O qrwmatismìc thc TasmanÐac eÐnai èna
upoprìblhma tou probl matoc qrwmatismoÔ tou q�rth thc
AustralÐac pou eÐnai anex�rthto apì to prìblhma qrwmatismoÔ
thc upìloiphc AustralÐac.

• An k�je CSPi èqei c metablhtèc, tìte h epÐlush k�je
upoprobl matoc xeqwrist� kai sth sunèqeia o sunduasmìc twn
lÔsewn apaiteÐ qrìno O(dc · n/c) (grammikì sto n), en¸ h lÔsh
tou arqikoÔ probl matoc apaiteÐ qrìno O(dn) (ekjetikì sto n).
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Dendroeid  CSP

A

B

C

D

E

F

A B C D E F

(a) (b)

Sta dendroeid  CSP o gr�foc periorism¸n èqei th morf  dèndrou
(dhlad , dÔo opoiesd pote metablhtèc sundèontai me to polÔ èna
monop�ti).
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Dendroeid  CSP kai Sunèpeia Kateujunìmenhc Akm c

'Ena dendroeidèc CSP mporeÐ na lujeÐ se qrìno O(nd2) (grammikì wc proc to
pl joc twn metablht¸n) wc ex c:

• Epilègoume opoiad pote metablht  wc rÐza tou dèntrou kai diat�ssoume tic
metablhtèc me th seir� X1, . . . , Xn apì th rÐza proc ta fÔlla, me tètoio
trìpo ¸ste o gonèac k�je kìmbou sto dèntro na brÐsketai prin apì autìn
sth di�taxh.

• Gia j = n downto 2, efarmìzoume sunèpeia akm c sthn akm  (Xi, Xj), ìpou
Xi eÐnai o gonèac tou Xj , apaleÐfontac timèc apì to pedÐo thc Xi ìtan eÐnai
aparaÐthto. Aut  h diadikasÐa onom�zetai sunèpeia kateujunìmenhc
akm c.

• Gia j = 1 to n, anajètoume sto Xj opoiad pote tim  pou eÐnai sunep c me
thn tim  pou anatèjhke sto Xi, ìpou to Xi eÐnai o gonèac tou Xj .
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Anagwg  Gr�fwn Periorism¸n se Dèntra

Victoria

WA

NT

SA

Q

NSW

V

T

B ma 1: Anajètoume mia tim  sth metablht  SA, afairoÔme tic
asunepeÐc timèc apì tic �llec metablhtèc kai sth sunèqeia afairoÔme
ton kìmbo SA apì to gr�fo.
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Anagwg  Gr�fwn Periorism¸n se Dèntra

Victoria

WA

NT
Q

NSW

V

T

B ma 2: LÔnoume to upoprìblhma pou mènei me qr sh algorÐjmwn gia
dendroeid  CSP.
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AposÔnjesh Dèndrou (Tree Decomposition)

WA

NT

SA

T

SA NSW

V

SA

Q

NSW

NT

SA

Q
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Melèth

Kef�laio 5 tou AIMA.


