[Mepoodtepn Prolog

Tamara de Lempicka

KwotAg Zaywvag <kostis@cs.ntua.gr>
Nikog Matmraomipou <nickie@softlab.ntua.gr>

Mepiexépueva

» Evonoinon

* MovTtéAa ekTtEAeONG TG Prolog
- To dl0dIKAOTIKO HOVTEND
- To povTého uAlonoinong
- To apnpnuEVo HOVTEND

» [leploodtepn Prolog
- KatnyopApata elodédou Kat eE6d0U

- Katnyopriuata daxeipiong tng Baong tng Prolog
- AplBunTikoi unoAoylopoi Kat OUYKPIoElg otnv Prolog

» [Napadeiypata npoypappatiopou og Prolog

*  ANoxalpeTIOPOG otnVv Prolog
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AvTikataoTdoelg (Substitutions)

Evotroinon

Mw avrikatdgoTaon €ival pia ouvapTnon Nou anekovidel
HETABANTEG OE OPOUG:
c={X—>a,Y>f(a,b)}

* H avtikatdoTtaon o avTIoTOLKEL TN HETAPBANTI X OTO a Kal
N Y oto £ (a,b)

* To anoTEAEONA TNG EQAPHUOYAG KOG AVTIKOTAOTAONG O€
€vav 0po dNUIOUPYEL Eva oTiyuioTurno Tou 6pou

* [ napadeypa o(g(X,Y))=g(a,f(a,b))

« Od6pogg(a,f(a,b)) civaloTypdTuno Tou g (X, Y)
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+ Auo 6pot tng Prolog ¢, Kal &, evoroouvrar €Qv UNAPXEL
KAMoLla avTIKATAOTOON G (O £VOoriouw)Trj¢ TOUG) NOU KAVEL
TOUG dU0 0poug aKPIBWG Toug idloug: o(t) = o(L,)

- Ou6pol a kal b dev evonolouvTal

- Otépol £ (X,b) kal £ (a,Y) evonololvtal: €évag evonoinTtig
givato {X > a, Y > b}

- Ouépol £ (X,b) katg(Y,b) dev evonolouvtat

- Oépora(X,X,b) kata(b,Y,Y) evonowuivtal évag
gvonointAg eivato {X > b, Y — b}

- Ot6pora(X,X,b) kata(c,Y,Y) devevonowoluvtal

- Owoporta (X, £f) kata (Y, £) evonolouvtat: €évag evonoinTng
givato {X > 42, Y — 42}
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MoAAaTrAoi evotroinTég

O o yevikédg evoTrointhg (MIE)

* parent (X,Y) KalL parent(fred, Z):
- 'Evag evonontng givato 6, ={X - fred, Y — 2z}
- AMN\OG évag gival 0 6,={X — fred, Y > mary, Z - mary}
- AAN\OG €vag gival 0 6, ={X — fred, Y - foo (42), Z — foo (42)}
* H Prolog enA€yel evonoinNTteg 6nwg o o, oL onoiot
KaBopilouv akpBwG TIG aVTIKATACOTACELG NoU €ival
QVOYKAIEG yla TNV evonoinon Twv dUo 6pwv

* Me GAAa AOy1La, n Prolog enA€yeL TOV MO YEVIKO
evorotnTr Twv duo 6pwv (MGU — Most General Unifier)
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+ O 06pog t, eival nio yeVIKOG anod Tov 0po t, eav o t, €ival
oTypotuno tou t; aAAG o t, dev eivat oTiypoTtuno tou t,

- Mapdadeypa: o 6poG parent (fred, Y) €ival Nio yYEVIKOG and ToV
0po parent (fred,mary)

+ 'Evag evonointig o, 0Uo 6pwv t, Kat t, €ivat o no yeVIKOg
gvononTng eav dgv unapxet GAAOG evonoinTig ¢, TETOLOG
WOTE 0 6POG G,(t,) va gival Mo yevikdg anod tov 6po o, (t;)

* Mnopei va anodeixBei 6TL 0 No yeVIKOG EvonolnTAG €ivatl
HOVAdIKOG (av ayVOAOOUUE TA OVOUATA TWV HETABANTWV)
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H Prolog xpnoigoTtroligi evotroinon yia Ta mavra

‘EAeyxog ep@aviong (Occurs check)

* [M€paopa NAPAPETPWY
- reverse([1l,2,3],X)

* AEolo peTaBANTWV
- X=0

» Kataokeun dedopEVWV
- X = .(1,[2,3])

En\oyr) dedopeEvv
- [11213] = '(XIY)
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* M petaBAnTA X Kal €vag 6pog £ EvonolouvTal PE TNV
avTtikataotaon {X — ¢}

- X katb gvonolouvtat: o NIE ival {X — b}
- XkKkalf(a,g(b)) evonolouvtat o MNMNE sivat{X - £(a,g (b))}
- XkKalf(a,Y) evonowuvtal: o MME eivat {Xx — £(a,Y)}

» EKTOC gav n ueraPAntr X neptAaufaveratl orov 0po t:

- Oitépolx kat £(a,g (X)) dev evonolouvtat: n avTikatdoTaon
{X - £(a,g (X))} dev eivat evonontng

* Me GAAa AOyLa, TOUAAXLIOTOV 0Tn Bewpia, n evonoinon
npenet va givat KaAa Bepeiwpevn (well-founded)
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Evotroinon Xxwpig £éAeyxo ep@aviong

» H default evonoinon tng Prolog dev nepAappAavel EAeyX0
EUPAVIONG

append([], L, L).
append([H|Ll1], L2, [H|L3]) :-
append (L1, L2, L3).

?- append([], X, [alX]).
X = [a]X].

?-

» AMAG 10 ISO Prolog standard neplhappavel Eva
Katnyépnua pe ovopa unify with occurs check/2
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MovTéAa EkTéAeong TnG Prolog

Mepioadrepn Prolog
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To d1adiIkaoTIkO povTéAo ekTéAeong TnG Prolog

+ Kd&Be katnyopnua ivat pia dladikaoia yia Tnv anodeign
OTOXWV

- p -q, r.
* [Na v andédegn Tou oTdXOU p, NPWTA EVONOINCE TO OTOXO
HE TNV KEPAAR TOu Kavova p, HETA anddelEe TO g, Kal LETA
anéodele To r

- S.

* [Na v andédegn Tou oTdX0U s, EVONOINOE TO OTOXO E TO s
* H kabe npotaon (yeyovog 1 kavovag) anoTeAEL Eva
OLOPOPETIKO TPONO anddEENG Tou OTOXOU

* H anddeign pnopei va neptAapBavel KANOeIg o€ GANQ
KATNYOPAHOTA-OladIKAOIEG
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Moapadeiypara
P :- g, r. boolean p() {return gq() && r();}
qg :- s boolean g() {return s();}
r :- s. boolean r() {return s();}
s. boolean s() {return true;}
P :- P. boolean p() {return p():}
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Omioc0odpbéunon (Backtracking)

* M nepinAokn: oniobodpdunon

* H Prolog kpatdel pua Aiota pe 6Aoug Toug duvaTtoug
TPOMNOUG LE TOUG OMNOIioUG HNOPEL va Ikavonotnoei
KAMOLOG OTOXOG KAl TOUG DOKIUALEL UE TN OEPA HEXPL VA
LKAVOMOLIAOEL NANPWG TO OTOXO N HEXPL VO EEAVTANOEL
OAEG TIG dUVATATNTEG LKAVOMNOINONG TOU

* 'EoTw 0 0TOX0G p OTO NAPAKATW NPOYPAUMA: O OTOXOG
IKavonoleitat aAA& Povo pe xpron onoBodpounong

1 P ‘- q9q, r.
2 q :- s.
3 gq.
4 r.
MeploodTepn Prolog 5. s :- 0=1. "

- epapuoleton og Ohec T1G pebemdpeveg
L GLVONKEG TTPOG 1KAVOTTOINGT) TNG TPOTACNS

AvTtikaTtdoTaon

* AAAN Qo NEPINAOKNR: avTIKATAOTAON HETABANTWY

« M KOULILEVN 0of MANOo0ooia H avtikatdotoon o, npokvmtel
PUHHEVN PON NANPOYOPLAG amo TV anddeEn Tov 6pov

0,(0,(x (Y)))

| H obvbeon tov avtikatactdoemv
| EMOTPEPETOL GTOV KOAOVVTQ

H avtikotdotaon o, = MGU(p (£ (Y) ) ,7)

- O 6pog mov amodeiydnke givarl o

03(0,(5,(9))

) > P(E(Y)) i-nq(Y) (YY)
| O apywég ) "
| 6poc TPOG M .
anédeEn ¢ | To id10 Gl) pPaivet kon usrmv
.| ovtikotdotaon G, n omoia
TPOKVTTEL OTO TNV SLAdIKOGTIaL
an6deEng Tov 6toXoL G,(q (Y))
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To povtédo uhoTroinong: EtriAuon (Resolution)

* To Baoko BANa cupneEPAcOU

+ KdBe kavovag avanaplotatal he pia Aiota and 6poug
(kGBe yeyovog avanaplotatatl and Aiota evog oToLXEIOU)

+ Kd&Be BApa eniAuong XpnOoLONOLEL A and AUTEG TIG
AlOTEG, Ha @opd, yia va enttuxel kanowa npéodo otnv
andodelEn ag Aiotag andé 6poug Nou ival 0ToxoL NPoG
anddeLgn yla TNV anavtnon KAnowg EpwTnong

function resolution(clause, goals):
let sub = the MGU of head(clause) and head(goals)
return sub(body(clause) concatenated with tail(goals))
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Moapdderypa eriAuong

[Ma v mopaxkdto AMota 0pwv Tpog anddeiln:

[p(X),s(X)]
KO TOV KOvOVaL:

P(£(Y)) :- q(¥), r(Y).
O IITE eivar 0 {x — £(Y) }, kol 0T0 ENOUEVO PriHa TPOKVTTEL M)
Mota amoteAoVUEVT ATTO TOVS OPOVE:

resolution([p(£(Y)) ,q(¥),x(¥Y)], [p(X),s(X)])

= [q(Y),x(Y),s(£(Y))]

function resolution(clause, goals):
let sub = the MGU of head(clause) and head(goals)
return sub(body(clause) concatenated with tail(goals))
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‘Evag digppnvéag Tng Prolog

Moapddelypa

function solve(goals)
if goals is empty then succeed()
else for each clause ¢ in the program, in order
if head(c) does not unify with head(goals) then do nothing
else solve(resolution(c, goals))
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Muo. pepikn enidvoon tov p (X) :

1. p(£(Y)) :- solve ([p(X)])
q(Y),r(Y). 1. solve([q(Y),r(¥Y)])
2. g(g(z2)).
3. g(h(z)). 2. nothing
4. r(h(a)). 3. nothing
4. nothing

* H ouvaptnon solve OOKIWALEL TIC TECOEPIG NPOTACELG
TN pia HeTA TNV GAAN
- H npwtn npétaon tapldlel, Kat n ouvaptnon solve KAAEL TOV
€aUTO TNG AVAdPOUIKA LE TO ANOTEAETUA TNG SLIAAUONG

- Ot &N\eg Tpelg npotdoelg Oev TaIPLAouV: Ol KEQAAEG TOUG OEV
gvonolouvTal Je Tov 6po TNG AioTag
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MoapadeiypaTtog ouvéxelia

To Tapddeiypa oAOKANPWHEVO

Mo pepikn emidoon Tov p (X) , EMEKTANEVT:

1. p(£(Y)) :- solve ([p(X)])
q(Y),r(Y). 1. solve([q(Y),r(¥)]1)
2. g(g(z)). 1. nothing
3. q(h(z)) . 2. solve([r(g(2))])
4. r(h(a)).
3. solve([r(h(Z))])
4. nothing
2. nothing
3. nothing
4. nothing
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H oA emidvon g epdmong p (X) :

1. p(£(Y)) :- solve ([p(X)])
q(y),r(Y). 1. solve([q(Y),xr(Y¥)])
2. q(g(z)). 1. nothing
3. q(h(z)). 2. solve([r(g(z))])
4. r(h(a)). 1. nothing
2. nothing
3. nothing
4. nothing
3. solve([r(h(Z))])
1. nothing
2. nothing
3. nothing
4. solve([]) —success!
4. nothing
2. nothing
3. nothing
4. nothing
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2UAAOYN TWV AVTIKAOTAOTACEWV

function resolution(clause, goals, query):
let sub = the MGU of head(clause) and head(goals)
return (sub(tail(clause) concatenated with tail(goals)), sub(query))

function solve(goals, query)
if goals is empty then succeed(query)
else for each clause c in the program, in order
if head(c) does not unify with head(goals) then do nothing
clse solve(resolution(c, goals, query))

« Tpononotnuévn cuvapTnon Nou dEXETAL WG OPLOUA TNV
QPXIKN €PWTNON KAl EPAPHOLEL OAEG TIG AVTIKOTOOTACELG
navw NG

* 2TO TEANOG TNG €NiAUONG, TO ANOJELKBEY OTIYOTUNO
NEPVIETAL WG OPLOUA OTN CUVAPTNON succeed

Meploodtepn Prolog 21

H ol enilvon ¢ epadmong p (X) :

1. p(£(Y)) :- solve ([p(X)],p(X))
q(Y),r(Y). 1. solve([q(Y),r(Y)],p(£(Y)))
. q(g(2)). 1. nothing
. g(h(z)). 2. solve([r(g(2))],p(£(g(2))))
. r(h(a)). 1. nothing
2. nothing
3. nothing
4. nothing
3. solve([r(h(2))],p(£(h(2))))
1. nothing
2. nothing
3. nothing
4. solve([],p(f(h(a))))
4. nothing
2. nothing
3. nothing
4. nothing

[ JN VI V)
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Aigppunveig Tng Prolog

* O dlepunvéag Nou POALG €idapE ival AEITOUPYIKOG OAAG
dev xpnowonoteitat and Tig uAonotoelg Tng Prolog

» 'OAeg ot uhonoloelg tng Prolog np€net pev va
AEITOUPYNOOUV LE TOV TPOMO NOU UOALG NEPLYPAYAE
aAAG OUVABWG XPNOLHONOLOUV EVTEAWG OLAPOPETIKEG
TEXVIKEG UAonoinong: HETa@PAlouv ToV KwOLKa O€
YAWOOO KAMOWAG a@nenUeEVNG KNXAavAG

* H nwo ouvnBlopévn TETOl pnXavi eivat n A@npnueEvn
Mnxavi Tou Warren (Warren Abstract Machine)
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To apnpnuévo povTéAo: Aévopa atrddeitng

* OENOUUE VO avanapaoTHOOUUE HE KANOLO TPOMNO TN oElpd
TWV AEITOUPYIWV TNG EKTEAEONG, OUWG XWPIG va
nePLOPIZETAL N TEXVIKA TNG uAonoinong

* Ta devdpa anddelENG anoTeAOUV Evav TETOLO YOPHOALOUO:

- H piCa gival n apxikA epwtnaon

- OukopPol Tou dEvdpou eival Aioteg and époug Npog anddeign, Kat
KABe KOUBoC £xel €va naidi yia KGBe npdTaacn Tou NPoyPAUUATOG
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Mapddeiypa

solve [p (X) ]
solve [q( r(Y)] nothing nothing nothing

nothing solve [t (g(Z))] solve [r (h(Z))] nothing

AN

nothing nothing nothing nothing

nothing nothing nothing solve []
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ATtrAoTTOoinOoN TWV BEVOPWYV ATTOBEISNG

* Ta nadd KABe KOUPOU AVTIOTOLKOUV OTIG NPOTACELG TOU
NPOYPANHATOG

« Katn ogpd toug givatl idla pe TN OEpd EPPAVIOAG TOUG
OTO NPOYPAUHQ

* Mnopoupe va anAonoljooupe TO OEVOPO LE TO VO
anaAgiyoupe 6Aoug Toug nothing KOUBoUG

* OLKOpBolL auToi avTioToLlKoUV 0€ NPOTACELG OL onoieg dev

EVOnoloUvVTaAl UE TO NPWTO OTOLKEIO TNG AiOTOG TOU
KOUBou natépa

Meplooodtepn Prolog 26

Napadeiypa atrAotroinpévou dévdopou atTrodeIgng

solve [p (X) 1]

|

solve [q(Y),r(¥)]
solve [r (g (2))]1] solve [r (h(Z))]

solve []
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2nupaoioAloyia Tng Prolog

* A0BEVTOG €VOG NPOYPAUHATOG KAl JIOG EpWTNONG, £va
ouotnua Prolog npénel va AEITOUPYACEL LE TPOMO NOU
kaBopiletal and pa npwta Katd BA6og, aplotepd Npog
Ta d0etLd dldoyion (depth-first, left-to-right traversal) Tou
OEVOPOU aNOdEENG

* 'Evag tpdénog uAonoinong sival pEow Kanotwou dlepunvea
Onwg autog opiletal and Tn cuvapTnon solve

e 2TNV NPAgn cuvRBwg Xpnowonotwouvtatl GAAoL, Mo
anodoTIKOL, TPOMOL UAonoinong
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Karnyopiuara £10600u Kal £E660u

To kKatnyopnua assert/1

* H €icodog kal n €£000G 6pwV YIiveTal OXETIKA anAd

?- write('Hello world').
Hello world

true.

?- read(X).

| : hello(world).
X = hello (world).

?-

» Onoloocdnnote 6pog tng Prolog pnopei va diaBaoctei
* Yndpxel €niong To Katnyoépnua nl/0 To onoio givatl
LOOOUVAMO HE TNV KAAON write ('\n')
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» [pooBETEL Eva yeyovog A €vav Kavova 0ThV ECWTEPLKN
Baon dedopévwy TG Prolog (0to TEAOG TNG BAoNG)

?- dynamic parent/2.
true.

?- parent(X,Y).
false.

?- assert (parent (joe,mary)) .
true.

?- parent (X,Y).
X joe
Y mary.

-
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To Katnyoépnua retract/1

Ta karnyopnuara listing/0 Kal listing/1

* ANopoKpuUveL TNV NpwTn npdtaocn (kavova r yeyovog) nou
gvonoleital e 1o 6plopd tou and tn Baon Twv OEOOUEVWY

?- parent (joe,mary) .
true.

?- retract (parent (joe,mary)) .
true.

?- parent (joe,mary) .
false.

* Yndapxel eniong Kat To Katnyopnua retractall/1 1O

0noio anopaKPUVEL OAEG TIG NPOTACELG MOU EVONOLOUVTAL
HE TO Oplopd Tou
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« Tunwvouv TNV eoWTEPLKN Baon dedopévwy Thg Prolog:
- OAn(listing/0) R
- MOVO KAMOLO OUYKEKPIWEVO KaTnyopnua (listing/1)

?- dynamic parent/2.
true.

?- assert (parent (joe,mary)) .
true.

?- listing(parent/2) .
:- dynamic parent/2.

parent (joe, mary) .

true.
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Mn atroTipnuévol épol

ATToTiunon apIBUNTIKWYV EKQPACEWYV

* OLTteNeoTEG NG Prolog enttpénouv Mo CURNUKVWHEVN
yPa®A Twv 6pwv, aAAG oL dpol dEV ANOTIHWVTAL
» 'OAeG oL NOPAKATW YPAYES €ival o idlog dpog Prolog:

1+ *(2,3)
+(1,2*3)
(1+(2*3))
1+2*3

* O napandavw 6pog Ocv evonoleital Ue Tov 6po 7
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?- X is 1+42*3.

* To NPoKaBOPIOUEVO KATNYOPNUA is/2 pnopei va
XpnotwonotnBei yia tnv anotipnon evog 6pou nou givatl
HLO apLOUNTIKA €K@paon

* is(X,Y) anoTiud Tov 6po Y KAl EVOMNOLEL TOV OPO X UE TO
anoTEAECHA TNG ANOTiKNONG

* 2UvNOwg xpnotonoleital wg duadikdG TEAEOTNAG
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H atroTtipnon poUtro0£Tel TINEG. ..

ApIOUNTIKEG EKPPATCEIG KAl CUVAPTHOEIG

?7- Y = X+2, X = 1.
1+2
1.

?2- X =1, Y is X+2.
1
3.

?- Y is X+2, X = 1.
ERROR: is/2: Arguments are not sufficiently instantiated
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e 2g€vav Opo X is Y, oL und-0pol Tou Y nNpENEL va givat
aplOpol | arnoTILUWLEVES OUVAPTIIOEIG

* OLouvapTtAoELG QUTEG NEPIAAPPAVOUY TOUG
NPOKOBOPIOPEVOUG aPLOUNTIKOUG TEAEOTEG +, —, * Kal /

* 'Onwg Kal NpoKaBopPIoUEVEG APLBUNTIKEG OCUVAPTAOELG,
n.X. abs (X), sqrt (X), floor (X), ..
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MpaypaTIKEG KAl OKEPAIEG TIMEG

5= 2 a0 5 AUo aplBunTikoi Tunot:
X = 0.5, OKEPALOL KAl NPAYHUATIKOL.

Ol neploodtepeG aplOunTIKOL
?- X is 4.0/2.0. TENEOTEG KAL OUVAPTAOEILG
X=2.0. eival uNeEPPOPTWHEVOL VIO
OAOUG TOUG OUVOUQOHOUG
;- X2is 5// 2. OPLOUATWV.
H Prolog €xet duvapilkoug

?- X is 4.0/2. TUnoug - oL Turnol

X =2.0. XpnowonolouvTal Katd To
XPOVO EKTEAEONG YA TNV
?- eniluon NG UNEPYOPTWONG.
Mapatnpeiote OpWG OTLO
OTOX0G 2 = 2. 0 AnOTUYXAVEL.
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ApIOUNTIKEG CUYKPIOEIG

* TeAEOTEG APIOUNTIKNAG OUYKPLONG:

* 2€ I aplOpnTIKh ouykplon, n Prolog anoTiud Kat Ta dUo
OPIONATA TOU TEAEOTA KAL CUYKPIVEL TIG TIHEG NOU
NPEOKUNTOUV

* Apa KAl T UO OPIoUATA MPEMNEL VA £XOUV TIHEG YL OAEG
TIG METAPBANTEG TOUG
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ApI1OUNTIKEG CUYKPIOEIG

?- 142 < 1*2.
false.

?- 1< 2.0.
true.

?- 142 >= 1+43.
false.

?- X is 1-3, Y is 0-2.0, X =:= Y.
X -2
Y -2.0.

-
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2UyKpioeig 106TnTOaG 0TV Prolog

* MEXPL OTIYUNG €XOULE XPNOOMNOIAOEL TPELG
OlLAPOPETIKOUG TEAEOTEG OUYKPLONG LOOTNTOG:
X is Y anoTiud Tov Opo Y KAl EVONOLEL TO ANOTEAECUA HE TO X
n.X. 3 is 142 emruyxdavel, oAAG 1+2 is 3 anoTtuyxAavel

X = Y evornolei Toug 6poug X Kat Y, aAldG dev Toug anoTiud
n.X. T600 0 0TdX0G 3 = 142 OCO0 KAL 0 1+2 = 3 anoTuyxXAavouv

X =:= Y anoTipd Toug dU0 OPOUG Kal TOUG OUYKPIVEL aplOpnTIKG
n.X. T600 0 0TOX0G 3 =:= 142 KAL 0 142 =:= 3 gniTuyXavouv
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Mapadeiypara

Moapddelypa: sum

mylengthl ([],0).

mylengthl ([ |T], Len) :-
mylengthl (T, LenT),
Len = LenT + 1.

mylength2 ([],0) .
mylength2 ([ |T], Len) :-
mylength2 (T, LenT),

Len is LenT + 1.

?- mylengthl ([a,b,c] , X).
X = 0+1+1+1.
?- mylengthl (X, 3).

. infinite loop ..."C
Action (h for help) ? a

$ Execution aborted

?- mylength2([a,b,c], X).
X = 3.

?- mylength2 (X, 3) .
X=10_, _, _1:

. infinite loop ...

sum([], 0).

sum([Head|Tail],Sum) :-
sum(Tail ,TailSum) ,
Sum is Head + TailSum.

?- sum([1, 2, 3], X).
X = 6.

?- sum([1, 2.5, 3], X).
X = 6.5.

?2-
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Mapddeiypa: ged Mapddelypa: XpRon Tou Katnyopnuarog ged
ged(X,Y,GCD) :- ———Ilpoocoy. oy amla 82 GEEE ) .
X =:=Y X=57
GCD is )’( gcd (X, X, X) false.
ged(X,Y,GCD) :- ?- ged(12,21,X).
X <Y, X=3;
NewY is Y - x, false.
.
rty .= X=17;
X >Y, false.
NewX is X - Y, ) a(o1,21%5 7)
?- gc , ;7).
gcd (NewX,Y,GCD) . true
false.
?- gecd(91,Y,7).
ERROR: =:=/2: Arguments are not sufficiently instantiated
43 44
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Mapddeiypa: factorial

factorial (X,Fact) :- ?- factorial(5,F).

X =:= 1, Fact is 1. i‘:lzo ’
factorial (X,Fact) :- a=se.

X > 1{ ?- factorial (2*5,F).

NewX is X - 1, F = 3628800 ;

factorial (NewX,NF) , false.

Fact is X * NF.

?- factorial (-2,F).
false.
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Aiadeuin kai if-then-else otnv Prolog

* O duadikdg TEAEOTAG ; /2 ulonolel T didleugn (or)

* O oplopog Tou eivat:
';' (X/ ) 5= x.
', YY) - Y.

» To if-then-else ypdgeTal pe xprion dlaleugng Kat Tou
OuadlkoU TeEAEOTA ->/2

* O oplopodg Tou eivat:

(Cond -> Then ; ) :- Cond, Then.
(Cond -> _; Else) :- \+ Cond, Else.
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Mapadeiypa xprnong diaeugng kai if-then-else

factorial (X,Fact) :- factorial (X,Fact) :-

X =:=1, Fact is 1. ( X =:=1, Fact is 1
factorial (X,Fact) :- ; X > 1,
X >1, = NewX is X - 1,
NewX is X - 1, factorial (NewX, NF) ,
factorial (NewX, NF) , Fact is X * NF
Fact is X * NF. ) .
0
factorial (X,Fact) :-
( X =:=1 -> Fact is 1
; X > 1,

NewX is X - 1,
factorial (NewX, NF) ,
Fact is X * NF
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Mapadeiypa xpnong if-then-else

gcd(X,Y,GCD) :- gcd(X,Y,GCD) :-

X ==Y, (X ==Y ->
GCD is X. GCD is X
gcd (X,Y,GCD) :- P ; X <Y >
X <Y, NewY is Y - X,
NewY is Y - X, gcd (X ,NewY ,GCD)
gcd (X ,NewY ,GCD) . ; X >Y >
gcd(X,Y,GCD) :- NewX is X - Y,
X >Y, gcd (NewX,Y,GCD)
NewX is X - Y, ) .

gcd (NewX,Y,GCD) .
ATO TOV TAPATAVE® KOO
UTOPOVUE VO TOPOUAENYOLLE
TOV €AEYYO TNG GLVONKNG
X > Y (Kot @uoikd to =>)
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2upTtrepipopd tou if-then xwpig 1o else

Mpoooxni: 'Eva if-then xwpig To else KOPPATL Ba anoTuxeL
€dv n ouvenkn tou if dev eival aAndng

* Av BENOUUE VO OUVEXIOTEL N EKTEAECN UE TOUG OTOXOUG
HETA TO if-then, npénel va Xpnolponoljooupe oTo else
KOUMATL TO Katnyoépnua true/0
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AvUo Mapadeiypata MpoypappdaTwy

== 7
TN gl
:
S
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MpoBARuara avalTnong Auong

To mpdéBAnua Tou cakidiou (Knapsack problem)

* H Prolog d€ oXedlA0TNKE YO NPOYPAUUATIONO
APLOUNTIKWY EQPAapHOYwV (NPOPAvVWG)

* Ta npoBAjuata ota onoia n Prolog deixvel TIG
IKAVOTNTEG TNG €ival NPOBAAKOTA NOU XPNOONOoLOUV
avadlntnon o€ €va Xwpo AUCEWV Kat dnou

- [Mpoaodiopioupe €vav oplopd TNG AUONG HE XPAON AOYIKAG Kal
- Agnvoupe tnv Prolog va Bpel auth Tn AUon

* Oa eLeTAOOUNE TIG AUOELG OUO NPORBANUATWV:
- To np6BAnua Tou cakidiou
- To npéBANua TV OKTW BACIAIOOWV
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* ETopdloupe TO 0aKidIO HOG VIO IO EKOPOWN

* 2Ta vTouAdnia undpxouv Ta €ENC TPOPIUQ:

Item Weight in kilograms Calories
bread 4 9200
pasta 2 4600
peanut butter 1 6700
baby food 3 6900

* To oakidlo xwpdel npaypata cuvoAlkou Bapouc 4 kg.
* [lowa enthoyn npaypdtwy Bapoug < 4 kg. HEYLOTONOLEL TO

nooo Twv BEpUIdWY;
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O1 drAnoTteg né0odoil d& douAeuouv

Item Weight in kilograms Calories
bread 4 9200
pasta 2 4600
peanut butter 1 6700
baby food 3 6900

* [NpwTa TIC NEPLOCOTEPEG BEPUIdEG: bread = 9200
* [MpwTta Ta no eAa@pld: peanut butter + pasta = 11300

* (H BéATIoTN enhoyn): peanut butter + baby food = 13600)

MNeploadTepn Prolog 53

Avadntnon

» Agv UNAPYXEL YVWOTOG AAYOPIOUOG VIO TO OUYKEKPIUEVO
nPEOBANKa Nou
- Mavta divel Tn BEATIOTN AUON Y TO NPOPANUA, Kal
- Xpealetal AlyoTtepo and eKOETIKO XpOVo yia va Tn BpeL

« Katd ouveénela, o€ Ba npEneL va vIpENOUACTE AV
XPNOowonotooupe EavTANTIKA avalntnon

* To avtiBeto pdAoTa, enedn n avalntnon €ivat KATL Nou
n Prolog kavel kaAd

Meplooodtepn Prolog b4

AvatrapdoTaon

* Oa avanapaoTACOUE KABE €id0G paynTou LE TOV OpO
food (Name ,Weight,Calories)

* To vtouAdnt Tou NapadeiypaTtds HaG avanaplotatal wg
Hwa Aiota and TEToloug 6poug:
[food (bread, 4,9200),
food (pasta,2,4500),
food (peanutButter,1,6700),
food (babyFood, 3,6900) ]

* Oa XpNolonol)oouE ThY dla avanapdoTtaon yia Ta
NEPLEXOUEVA TOU OAKIOIOU
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AkoAoubigg kal utTrTakoAoubBigg

/*
subseq (X, Y) succeeds when list X is the same as
list Y, but with zero or more elements omitted.
It can be used with any pattern of instantiations.
7/
subseq([1, [1).
subseq([Item | RestX], [Item | RestY¥]) :-
subseqg (RestX, RestY).
subseq(X, [_ | RestY]) :-
subseq (X, RestY).

» M unakoAouBia plag Aiotag gival Eva avtiypa@o tng
Aiotag 6nou kanola otoleia TNG Aiotag £xouv
NAPAAEIPOEl - 0TO NAPADELYUA HOG TA NEPLEXOUEVA TOU
oakdiou eival pia unakoAouBia Tou vtouAaniou
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Kdatroia rapadeiypara

?- subseq([1,3],[1,2,3,4]).
true ;
false.

?- subseq(X,[1,2,3]). Hapotnpeiote 611 10 Karnydpnua

X =111, 2, 31 ; subseq/2 oy uovo umopei vo.
X = [1, 2] ; eAEYEEL KaTd, TOTO 1o Alota givar
— . Lo vraxolovbio kamolag GAANG
X = [1, 3] ; . . .
_ i 0AAG umopel emions vo Tapoydyel
X = [1] ; vraxolovbicg, tic omoies ko Go.
X =1[2, 3] ; xpnooToujcovue yia ™ Abon tov
X = [2] ; TPOPARUATOS TOV TAKIOIOD.
X = [3] ;
X =11~
false.
? =
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/*
knapsackDecision (Items, Capacity, Goal, Knapsack)
takes a list Items of food items, a positive number
Capacity, and a positive number Goal. We unify
Knapsack with a subsequence of Items representing
a knapsack with total calories >= Goal, subject to
the constraint that the total weight is =< Capacity.
*/
knapsackDecision (Items, Capacity, Goal, Knapsack) :-
subseq (Knapsack, Items),
weight (Knapsack, Weight),
Weight =< Capacity,
calories (Knapsack, Calories),
Calories >= Goal.
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BonBnTtikd Kkarnyopiuata

/*
weight (Knapsack,Weight) given a Knapsack of food
items returns their total Weight.

*/

weight (Knapsack, Weight) : -
weight (Knapsack, 0, Weight) .

weight([], W, W).

weight ([food(_,Wl, ) | Items], W, Weight):-
NW is W + W1,
weight (Items, NW, Weight) .

(To katnyoépnua calories/2 eival avtioToLo.)
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Na va doUpe Tou BPICKONAOTE. ..

?- knapsackDecision (

| [food (bread, 4,9200) ,

| food (pasta,2,4500),

| food (peanutButter,1,6700),
| food (babyFood, 3,6900) ],

I 4,

| 10000,

| X) .

X = [food(pasta,2,4500), food(peanutButter,1l,6700)]

?2-

* H napandvw KAQon ano@aoifel eav undapxet AUon nou va
IKAVONOLEL TO OTOXO TwV EAAXIOTWY BepUidwy (10000)

* 'Oxt SpwG unoXPEWTIKA TN AUon nou ¢NTAPE EPEIG...
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AtToQaoIcINOTNTA KAl BEATIOTOTTOINON

* MEXpL OTIYUNG AUCQUE TO r700LARUa TG arnogaorng Yo
To NPSBANUa Tou cakldiou

* AUTO nou BEANoupEe va AUCOULE €ival TO 700LAnKa 116
PeAtTioronoinong tThg AUONG TOU CUYKEKPLUEVOU
NPOBAAUATOG

* [0 va To enNTUXOUUE, Ba XPNOLONOICOUKE EVa AANO
NPOKABOPIOUEVO KaTnyopnpa Tng Prolog: £indall/3
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To karnyoépnua £indall/3

e findall (X, Goal, L)
- Bpiokel 6Aoug Toug TPONOUG LIE TOUG 0NOIOUG O OTOX0G Goal
IKavonoleital

- la Tov KaBéva and auTtoug, EQApPOleL 0ToV OpOo X TNV bl
AVTIKATAOTOON KE TNV 0noia 0 0TdX0G Goal KAvONoLnOnke

- Evonolei Tn Aiota L pe Tn Aiota 6Awv autwy Twv X

?- findall (42, subseq(_,[1,2]), L).
L = [42, 42, 42, 42].

?2-

* Ynapxouv T€00gpIG AUOEIG Yia TO subseq(_, [1,2])

* 2UM\EEape pa Aiota and 42, €va yia kdBe Auon
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2UAAOYH TWV ATTAVTHOEWYV TToU BEAouE

* 2UVABwG, n Npwtn NAPAPETPOG Tou £indall/3 €ival
€VaG OPOG HE TIG LETAPBANTEG NOU UNAPYXOUV OTO OTOXO
npog enikucn

?- findall (X, subseq(X,[1,2]), L).
L=1[[1, 2], [1], [2], []].

?-

* H naopandvw epwtnon CUAEYEL OAEG TIGC ANAVTAOELG TNG
€PWTNONG-0TOXOU subseq (X, [1,2])
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/*
knapsackOptimization (Items,Capacity,Knapsack) takes
a list Items of food items and a positive integer
Capacity. We unify Knapsack with a subsequence of
Items representing a knapsack of maximum total
calories, subject to the constraint that the total
weight is =< Capacity.

*/

knapsackOptimization (Items, Capacity, Knapsack) :-
findall (K, legalKnapsack(Items,Capacity,K), L),
maxCalories (L, Knapsack).
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/*
legalKnapsack (Items,Capacity,Knapsack) takes a list
Items of food items and a positive number Capacity.
We unify Knapsack with a subsequence of Items whose
total weight is =< Capacity.

*/

legalKnapsack (Items, Capacity, Knapsack) :-
subseq (Knapsack, Items),
weight (Knapsack, W),
W =< Capacity.
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maxCalories (List, Result) takes a non-empty List of
lists of food items. We unify Result with an element
from the list that maximizes the total calories.
We use a helper predicate maxC that takes four
parameters: the remaining list of lists of food
items, the best list of food items seen so far, its
total calories, and the final result.

*/

maxCalories ([First | Rest], Result) :-
First = food(_,_,FirstC),
maxC (Rest, First, FirstC, Result).

maxC([], Sofar, _, Sofar).

maxC ([First | Rest], _, MC, Result) :-
First = food(_,_ ,FirstC),
MC =< FirstC,
maxC (Rest, First, FirstC, Result).

maxC ([First | Rest], Sofar, MC, Result) :-
First = food(_, ,FirstC),
MC > FirstC,
maxC (Rest, Sofar, MC, Result).
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/*
maxCalories (List, Result) takes a non-empty List of
lists of food items. We unify Result with an element
from the list that maximizes the total calories.
We use a helper predicate maxC that takes four
parameters: the remaining list of lists of food
items, the best list of food items seen so far, its
total calories, and the final result.

*/

maxCalories ([First | Rest], Result) :-
First = food(_,_,FirstC),
maxC (Rest, First, FirstC, Result).

maxC([], Sofar, _, Sofar).
maxC ([First | Rest], Sofar, MC, Result) :-
First = food(_,_ ,FirstC),
( MC =< FirstC ->
NSofar = First, NMC

FirstC To id10 ue ypiion

if-then-else

NSofar = Sofar, NMC = MC

),
maxC (Rest, NSofar, NMC, Result).
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?- knapsackOptimization (
| [food (bread, 4,9200) ,
| food (pasta,2,4500),
| food (peanutButter,1,6700),
| food (babyFood, 3,6900) ],
I 4,
| Knapsack) .

Knapsack = [food (peanutButter,1,6700),
food (babyFood, 3,6900) ]
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To pOBAnUa TwV OKTW BaciAiIcowyv (8-queens)

AvatrapdacTaon

» Kdnoleg nANPoYopieG yia TO OKAKL:
- MMaietal o’ éva teTpdywvo 8x8
- M Baocihilooa pnopei va kivnBei opllovTia, KGBeta ) dlaywvia
yla 6ca TeTpdywva BeAAoEL
- Avo Baoi)\loosq anewmouyv n pia ™y GAAn €av eival otnv idla
ypauun OTAAN A dlaywvio (Kat n pia pnopei va Kivnbei dpueca oto
TETPAYWVO TNG GAANG)

* To npépAnua: Bpeg €va TpdNo va
TONOBETNOOUV OKTW BACIAOOEG
O€ LA KEVH OKOKIEPA €TOL WOTE

Kapia BaciAlooa va pnv
aneweital anod KAanowa aAAn
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* Oa pnopoUCapE vVa avanapacTrOoUUE Th BaciAlooca oTh
oTAAN 2, oelpd 5 pe Tov 6po queen (2, 5)

* AAAG agou dev undpxouv AAAO KOUUATIO OTr OKAKIEPO—
n.x. 6 Ba €xoupe KANoLo pawn (X,Y) A king (X, Y)—0a
XPNOWONOLoOoULE anAwg €vav 0po TNG HOPYNG X/ Y

(A€ Ba Tov anoTnooupE wg dlaipeon)
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Moapddeiypa

* 'Evag oxnUaTIoOpNOG OKOKIEPAG €ival pia AiloTta and
BaoiAlooeg
+ O nopakatw ival ya TG paocidicoeg [2/5,3/7,6/1]

[o XN
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/*
nocheck (L, X/Y) takes a queen X/Y and a list
of queens. It succeeds if and only if the X/Y
queen holds none of the others in check.

*/

nocheck ([]1, ).

nocheck ([X1/Y1l | Rest], X/Y) :-

X =\= X1,

Y =\= Y1,

abs (Y1-Y) =\= abs(X1-X),
nocheck (Rest, X/Y).

/*
legal (L) succeeds if L is a legal placement of
queens: all coordinates in range and no queen
in check.

*/

legal([]).

legal ([X/Y | Rest]) :-
legal (Rest) ,

member (X, [1,2,3,4,5,6,7,8]),
member (¥, [1,2,3,4,5,6,7,8]),
nocheck (Rest, X/Y). 72




ETrdpkeia

AUon yia TIG OKTW BaciAicoeg

* 'Exoupe AdN apkeTd CUCTATIKA yia va AUCOUUE TO
NPOBANUA: N EpwTNON legal (X) Ppiokel OAOUG TOUG
ENTPENTOUG OXNHUOTIONOUG:

?- legal (X) .
X =11~
X = [1/1] ;
X = [1/2] ;
X = [1/3]
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« Quolkd, n napandavw «Auon» Ba NApeL NOAU xpovo: Ba
apxioel ue To va BpeL OAeG TIG 64 AUOELG HE pla BaoiAlooa,
Kal LETA Ba apxioel pe OAEG TIG AUOELG e U0, KOK.

* Mnopoupe va «ekpBldooupe» pia Auon pe 8 Bacillooeg pe

TNV EPWTNON: 8 Q
?— x S [_I_I_I_I_I_I_I_] l4 7 Q
| legal(X). 6 Q
5 Q
X = [8/4, 7/2, 6/7, 5/3, 4 Q
4/6, 3/8, 2/5, 1/1] 3 Q
2 2 Q
1{Q
1 2 3 4 5 6 7 8
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Ymdpxel duvatoTnTa yia BeATiwon;

BeATiwon Tou TTPOYPAMMATOG

* H eUpeon TG AUONG HE QUTOV ToV TPOMO NAipveL NOAU
Xpovo

* 2Tn OUVEXELQ, n Prolog Bpiokel anAEG avadlaTagelg tng
npwTNG AUONG:

>~ X=1[1_, ,  + s_r_s_1, legal(X).

X = [8/4, 7/2, 6/7, 5/3, 4/6, 3/8, 2/5, 1/1] ;
X=1[7/2, 8/4, 6/7, 5/3, 4/6, 3/8, 2/5, 1/1] ;
X = [8/4, 6/7, 7/2, 5/3, 4/6, 3/8, 2/5, 1/1] ;
X = [6/7, 8/4, 7/2, 5/3, 4/6, 3/8, 2/5, 1/1]
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» [lpo@avwg KABe AUon €xel pia Baoillooa o€ KABE oTHAN

* Apaq, KGBe AUON pnopei va ypagei e tn popen:
X=1[1/_,2/_,3/_,4/_,5/_,6/_,7/_,8/_1

» Aivovtag €vav 6po auTtAG TNG HOPYPAG NEPLOPICOUNE TNV
avalhTtnon, eENTaxuvovTag TNV, Kal ano@eUyoUE TNV
€UpeOn anAwv avadlaTAgewv

/* eightqueens (X) succeeds if X is a legal
placement of eight queens, listed in order
of their X coordinates.

W

eightqueens (X) :-

X = [1/_,2/_,3/_,4/_,5/_,6/_,7/_,8/_1,
legal (X) .
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MNMep1oooTEPEG BEATIWOEIG

» Enedn EEpoupe OTL OAEG OL X-OUVTETAYHEVEG €ival EVTOG
TOU A0 TAHATOG Kal DIAPOPETIKEG PETALU TOUG, TO

NPEOYPOUHO HNoPEl AlyaKL va BEATIWOEL
nocheck ([], _).
nocheck ([X1/Y1 | Rest], X/Y) :-
%$ X =\= X1, assume the X's are distinct
Y =\= Y1,
abs (Y1-Y) =\= abs (X1-X),
nocheck (Rest, X/Y).

legal([]) .
legal ([X/Y | Rest]) :-
legal (Rest) ,
% member (X, [1,2,3,4,5,6,7,8]), assume X in range
member (Y, [1,2,3,4,5,6,7,8]),
nocheck (Rest, X/Y).
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BeATiwpévn AUon oT1o TTPORANUa

* To NPOYypOHUa TWPA TPEXEL APKETA NIO ypryopa

» [a napdadetypa, d€ Bplokel NAEOV OAEC TIG avadlaTAEELG

?- eightqueens (X) .
X =1[1/4, 2/2, 3/7, 4/3, 5/6, 6/8, 7/5, 8/1] ;

X

[1/5, 2/2, 3/4, 4/7, 5/3, 6/8, 7/6, 8/1]
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‘Eva tmreipapa

legal([]) .

legal ([X/Y | Rest]) :-
legal (Rest) ,
% member (X, [1,2,3,4,5,6,7,8]), assume X in range
l1=<Y, Y¥Y=<28, % was member(Y¥,[1,2,3,4,5,6,7,8]),
nocheck (Rest, X/Y).

* To napandvw Katnyopnua o€ doUAEUEL
» Evyeipel etaipeon: “arguments not sufficiently instantiated”
* H KAON TOU KOTNYOPRUATOG member /2 dgV €ival ANAWG

KAMNOLOG EAEYXOC OTL Ol OUVTETAYUEVEG EivaL EVTOG Opiwv
aAAG gival napaywyr) TwV CUVTETAYUEVWV
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AAMo éva TrEipapa

legal([]) .
legal ([X/Y | Rest]) :-
% member (X, [1,2,3,4,5,6,7,8]), assume X in range
member (Y, [1,2,3,4,5,6,7,8]),
nocheck (Rest, X/Y),
legal (Rest). % formerly the first condition

» Eyeipel e€aipeon: “arguments not sufficiently instantiated”

* HKARon legal (Rest) npeneL va nponyeitat doTl
napAayel TNV HEPLKN AUoN nou Xpelddetal n avadpouiki
KAOn Tou nocheck
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EUpeon piag pévo Auong

* Av BEAapE va Bpoupe pia pévo Auon Tou NPORARUATOG
Ba pNnopoUuCapE va XPNOLIONOICOULE ONOLOdANOTE and
TOUG OUO NAPAKATW OPLOHOUG TOU OXETIKOU

KATNYOPAHOTOG

/* e
eightqueensl (X) finds
one solution to the
eight queens problem.
=/ =/
eightqueensl (X) :- eightqueensl (X) :-
once (eightqueens (X)) . eightqueens (X) ,
',

eightqueensl (X) finds
one solution to the
eight queens problem.
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To cut (!) Tng Prolog

+ To npokaBoplopévo katnyopnua ! /0 (daBadletal cut)
XPNOONOLEITAL YIa va NEPLOPIOEL TV onoBodpounon

* H eKTEAEOH TOU NAVTA ENTUYXAVEL KAl «kKAADEUEL»:

- 'OAoug TougG eVOANAKTIKOUG TPOMNOUG IKavVOonoinong Twv
UNooTOXWV Nou NIBavwg va undpxouv PETAEU TNG KEYAAAG
€VOG KavOVva Kal ToU onpeiou nou 1o ! epgpavidetal otov

Kavova, Kat

- 'OMNoug Toug KavOVvEG TOU {BloU KOTNYOPAATOG NOU HNopEl
va €M0VTAL TOU KavOva Nou NEPLEXEL TO !

* H xpon Tou NpEnetL va yiveTal Pe @edw Kat uoTtepa and
QPKETI OKEYWN
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Mapddeiypa: OmTIoB80dpOUNON XWPEIG Kal e cut

Mépn tng Prolog 1Tou dev egeTdcape

p(X,Y) :- ?- p(X,Y). p(X,Y) :- |?- p(X,Y).
x(X), %<1 x(X), %1
y(Y). Y=a; t Y =a

p(X,Y) :- ’ y(Y). ’
z(X,Y). X =1 p(X,Y) :- |x=1

p(4,d). Y =Db ; z(X,Y). Y =Db ;

x(1). X = 2 p(4.d). false.

x(2) Y = a ; x(1).

y(a). X =2 x(2).

y(b) . Y=5Db ; y(a).

z(3,c). X =3 I

Y =c ; z(3,c).
X =14

Y=4d ;

false.
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* Tn duvaTtdTnTa OPIOHOU VEWV TEAECTWV

* To XeIpIop6 eCalpEcewV
- EEapgoeig nou gyeipovtal and 1o ocUCTNUA KAL anNd TO XPNOoTn
- Ta OXETIKG KOTNYyopPrpaTa throw Kal catch

* TG BBA0OAKEG Kal NOAAG and Ta NpokKaboplopEVa
KATNYOPAUATA TNG YAWOOOG
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ATtroxaipeTiopo6g otnv Prolog

» Ag Xpeldotnke va napaAeiyoupe 1600 nocootod tng Prolog
000 napaAsiyape otnv ML kat otn Java

* H Prolog €ivatl pua pukpn yaAwooa

* Eniong, eival €va apkeTa 1oxupo epyaAeio eniAuong
(kanotwou €idoug) NPoBANUATWY aAAG 0 ENOEELOG XEIPLOUOG
NG and ToV NPOYPOUUATIOTH O€V €ival MNOAU EUKOAOG

* O emd€L oG XEIPLOPOG TNG Prolog npounoBETel Tnv
ULOBETNON KAl EEOLKEIWON UE [ DLAPOPETIKA PLAOCOYIa
NPEOYPAUUATIOMOU
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