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Meplexopeva

AOYLKOC TIPOYPAUUATLOUOC

* Opol (terms)

« Xprjon evog cuotruatog Prolog

« Kavovec (rules)

« OL8V0 oYeLg tng Prolog

« TeAeoteg (operators)

« Alotec (lists)

« Apvnon wg arotuyia (negation as failure)

« Ye Tl elval kaAn n Prolog;
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KevtpIKn 10€0 TOL AOYIKOU TIPOYPOHHUOTICHOU

« Xprjon pabnuatikng AOyLKNG OTOV TIPOYPAUUATLOUO

* H AoyLlKn xpnolyoTioLlElTal WE yLa ayvr) SNAWTLKN
yAwooa yla Tnv avarnapdotach Tou TipoAnuatoq

* To €pyo0 TOU TIPOYPAPUATLOTH Elval va ypageL
TIPOYPAUPATA TIOU Va €lval «aAnBeilg»
avVaTtapacTACELG TOU TIPOBANATOC oTn AOYLKN

« To cuotnua ekteAeonc YpovtileL yLa tnv EMAUGCHN TOU
nipoBANpaATog, YE aTTOSOTLKO TPOTIO

- amodeilkteg Bswpnuatwy (theorem provers)
— YEWNTPLEG povTeAwv (model generators)
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Opol (Terms)

« KaBe tL otnVv Prolog kataokeuadlstal amo 0poud:

- Ta mpoypappuata o€ Prolog
- Ta 6edopeva ou xelpidovtal ta poypapuata o€ Prolog

* TpeLc Katnyopleg opwv:
- MetaBAntég
- ZtaBepEg: akepalol (integers), payuatikol aplbuot (reals),
Kal atopa (atoms)

- ZUuvOetoL 6potL: Alotec (lists) kalt Sopnueva dedopeva
(structures)
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Atopa (Atoms)

« 'Eva atopo €ival pla otabepa TTou armoTeAELTaL aTto
aAQapLOPNTLKOUC XAPAKTHPEC:
an, atom, has, many_characters
« EQv 0 apyLKOC xapaktnpag dev lval eva PLKpPO
YPAUHA N UTIAPXOUV «TIEPLEPYOL» XAPAKTIPEC, TO
ATOMO TIPETIEL VA BPLOKETAL HECA GE ATIOCTPOPOUC
"Kostis’, "40 moaAikapra’, '$"%(@(&SH#H*&S’
« KaBe ATopo €xEL yLa TLun (Toug XapakKTnPEG TOU) Kal
elval Loo PoOvo e AAa ATopa TIoU £XOUV aKpLBWC
TOUC LLOUC XAPAKTNPEC WC TLUN

« YKEWPTELTE TA ATOPA KATL oav strings o€ AAAEC YAWOOEG
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MetaBAnTEQ

« MetaBAntn eival kabe tL tou apyileL amo eva
Ke@aAalo ypaupa r) underscore, KatL akoAouBeital

ato ypauuata, aptbpoug n underscores:
_, X, Variable, Kostis, _123

* OL petaPBAnTEC £xOUV SUO KATAOTATELC:
- Mrmopel va punv €xouv akopa 6€B¢t pe karoia twun (unbound)

- Mrmopel va €xouv KatoLa TLur), SnAadn va elvat SepPeveg
(bound)

« 'Otav OpwG PLa petaBAnTn elvatl o€ KATAOTAOHN «HE
TLUN», N TN autn 6sv aAAadeL

(Opwg, ontwg Ba Soupeg, n yetaPBAntn ytopel va emavepbeL o
Kataotaon unbound pe xprjon omtcBodpounong.)
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ZuvOetoL 6polL (Compound terms)

« Apyxllouv g eva atopo Kal akoAouBouvtal amo pLa
akoAoubBia opwv Tou SLtaywpllovtal YE KOPUATA Kal

TIEPLKAELOVTAL ATIO TIAPEVOETELC:
university('E.M.N.")
'+'(2,3.14)
coup le(adam, eve)
tree(V,tree(42,Y,2Z),R)
* OLALOTEC €lval Kal auteg ouvBetoLl 0poL aAa oTtwe Ba
SoUpE £x0LV LELKN ouvTagn

* YKEWPTELTE TOUG OUVOETOUC OPOUC OaV SOUEC
dedopevwyv

Eloaywyn otn yAwooa Prolog 7



ZUVTagn Twv opwv

<term> .= <constant> | <variable> | <compound-term>
<constant> ::= <integer> | <real number> | <atom>
<compound-term> .= <atom> ( <termlist> )

<termlist> ::= <term> | <term> , <termlist>

« 'OAa ta poypappata kat ta dedopeva tng Prolog
Kataokeualovtal armo TETOLOUG OPOUC

« Ye Alyo Ba doUpe OtL, yla tapadelypa, o cUVOETOC
opo¢g '+' (1, 2) ouvnbwg ypawetal wg 1+2

« AMN\Q autn) €lval amAd yLa cuvtopoypaila tou iéLou
Opou
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Evottoinon (Unification)

« Talplaopa TtpoTUTIWV o€ 0poug TnC Prolog

« AUO0 OpolL evorotouvtal €AV UTTAPYEL KATIOLOC TPOTIOG
va BpeBouv TLUEC yLa TLG HETABANTEC TOUG TIOU va
TOUC KAVOUV akpLBwG LéLouc

» [la mapadelyua, oL 0pol couple(adam, eve) Kal
couple(Who, Withwhom) svomtolouvtat av n
uetaBAntr) Who mtapetl tnv tur adam kat n petaBAntn
wWithWhom mtapeL tnv tun eve

* (MepLOOCOTEPEC AETITOUEPELEC OTO ETTOUEVO pabnua...)
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H Baon dedopévwy tng Prolog

H uAottoinon tn¢ Prolog dLatnpel yla avamapactaon

TWV TIPOYPAUPATWY TIOU £XOUV POPTWOEL OTO

cuotTnua

* O KWSELKAG ouUTIEPLPEPETAL oav PLa Bacon dedopevwy

« ‘Eva mpoypappa Prolog elvat amAwg eva ocuvoAo ato
dedopeva yla autn tn Baon

« To amAouotepo armo ta dsdopeva autr¢ Ttng Baonc

elval eva yeyovoc (fact) : GUVTAKTLKQ, Eva YEYOVOG Elval

£vag OpoG TTOU akoAouBeltal amo pLa teAela
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MapAadeLypa KATNYOPHATOG ME YEYOVOTA

parent(kim, holly).
parent(margaret, kim).
parent(margaret, kent).
parent(esther, margaret).
parent (herbert, margaret).
parent(herbert, jean).

« ‘Eva mipoypappa Prolog pe €€L yeyovota
« OplleL eva katnyopnua (predicate) parent/2

* ATTIOTEAOUMEVO ATIO YEYOVOTA TIOU £XOUV TNV
«TIpoavn» eppnvetla: o kim eivat yoviog tng holly, n
margaret slvat yoviog tou kim, K.0.K.
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O SdLeppnveag tng Prolog

% swipl

Welcome to SWI-Prolog (Multi-threaded, Version 5.10.4)
Copyright (c) 1990-2011 University of Amsterdam,
SWI-Prolog comes with ABSOLUTELY NO WARRANTY.

Please visit http://www.swi-prolog.org for details.

For help, use ?- help(Topic). or ?- apropos(Word).

2.

« To ?- €lvaL n tpotportr) tn¢ Prolog yua pla epwtnon

« O blepunveac eivat SLadpacTLkoG: dexetal pyLa
£PWTNON, TIPOOCTIABEL va TNV ATTaVINoEL, TUTTWVEL TNV
armavtnor] tng, kat emavailauBavel tn dtadikacla
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To Katnyopnua consult/1

?- consult(relations).
% relations compiled 0.00 sec, XXXX bytes

true.

?-

+ Katnyopnua tou cucThHatog YE TO OTIOLO (POPTWVOUE Eva
TIpOypaPpa amno Eva apyelo otn Baon tng Prolog

* To apyxelo relations (f relations.pl) meplhapPBavel ta
YEYOVOTA TOU KATnyopnuatog parent/2

?- [relations].
% relations compiled 0.00 sec, XXXX bytes
true.
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ATIAEG EPWTNOELG

?- parent(margaret, kent).
true.

?- parent(fred, pebbles).
false.

?-

* Mua epwtnon ipokaAel Tnv Prolog va amodei&el katt

* H amavtnon twv anAwv epwtnocwyv elvat true r false

(KATToLEG EPWTIOELG, OTIWG N EPWTNOCN OTO KATnyopnua
consult/1, EKTEAOUVTAL HOVO YLA TLG TIAPEVEPYELEG TOUG.)
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H teAsia

?- parent(margaret, kent)

true.

?-

e OL EPWTNOELC PTIOPOUV VA EKTELVOVTAL OE TIOAAEC
YPAUHEG

« Eav &exaoete T teAEla (TO YapakTnpa TeAOUG TNG
epwtNONG), o dtepunveac tng Prolog Ba ocag {ntnoel
TIEPLOCOTEPN £L00S0 PE TO XapaKTnpa |

Eloaywyn otn yAwooa Prolog
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EpWTACELG HE HETAPBANTEG

* OL EPWTNOELC PTTIOPEL VA ELvaL OTIOLOGSNTIOTE OPOG
Prolog, cupmeplAapBavopeEvwy OpwV PE HETAPBANTEC

« O bleppnveac tng Prolog emiotpe@el w¢ amavnon TG
TLHEC TWV PETABANTWV yLa TLC OTIOLEC N EPWTNON
UTtopEL va aravtnBel

?- parent(P, jean).
P = herbert.

?- parent(P, esther).
false.
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EueALEla oTLG EPWTNOELG

* Ol petaBANTEC PTIOPOUV PUOLKA Va Bplokovtal o€
ottoLadnrote Beon KAmoLag EpWTnong:
parent(Parent, jean)
parent(esther, Child)
parent(Parent, Child)
parent(Person, Person)

Eloaywyn otn yAwooa Prolog
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2u{eUL&eLg (Conjunctions)

?- parent(margaret, X), parent(X, holly).
X = kim ;

false.

2.

« Mua oUleugn epwtnocwyv elvat pyLa akoAouBbia armo
Opoug TTou Slaywpidovtal amo kKopuata (and)

OAEC (XPNOLUOTIOLWVTAC TO (610 CUVOAO «SECLUATWVY»
yLa TLG HETABANTEC TNG EPWTNONC)

Eloaywyn otn yAwooa Prolog

O Siepunveag tng Prolog ipootaBet va tig amodeiel

18



MOAAATIAEC AUCELC

?- parent(margaret, Child).
Child = kim ;
Child = kent.

? -

« MTopEl va uTtapyouV TIEPLOCOTEPOL ATIO £EVAC TPOTIOL

yLa va amnavtnBel ywa epwtnon

* Me T0 va TANKTPOAOYNoOUE ; avti yla enter, peTa
TNV TTPWIN Amavtnon, TIPOTPETIOUHE TO cUCTNUA
Prolog va BpeL kat va pag SWoeL TIEPLOCOTEPEC
ATIAVTNOELG
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?- parent(Parent, kim), parent(GrandParent, Parent).

Parent = margaret
GrandParent = esther ;
Parent = margaret
GrandParent = herbert ;
false.

?- parent(esther, Child),

| parent(Child, GrandChild),

| parent(Grandchild, GreatGrandChild).
Child = margaret

GrandChild = kim

GreatGrandChild = holly ;

false.

Elcaywyn otn YAwooa Prolog
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AVAYKI yLa KAVOVEG

* 2TO TIPONYOUMEVO TIAPASELYHA XPNOLUOTIOLNCAUE ULa
LOKPOOKEAN EpWTNON yLa Ta Stogyyova tng esther

* Oantav KaAUTEPO €av uttopoucape va ypalpoupe Kat
euBelav tnv epwtnon:

greatgrandparent (esther, GGC)

« AM\G &€ BEAOUPE va eLoayayoupE EexwPLOTA yeyovoTa
auUTOU TOU Katnyopnuatog otn Bacn Twv dedopevwv
SL0TL N oxeon greatgrandparent/2 mpokUTITEL (KAl
TIPETIEL VA TIPOKUTITEL) ATTO TNV Nén opLopEVN Bactkn
oxEon parent/2
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‘Eva TtapadsLypa kavova

KEQaAN
!

parent(GP, P), - ouvOnKeg
* 'Evag kavovag kaBopildel TTwE armodELKVUOUHE KATL: yLa va
aTtoSELEOUE TNV KEPAAN) TOU KAQvOova TIPETIEL VA
artoSeLEOUE TLG OUVBNKEC TOU

« [ va anodei&ouvpe greatgrandparent (GGP, GGC),
TIPETIEL VA BpoUPE TLPEG GP Kal P yLa TLG OTIOLEC TTOPOUE
va arodei&oupe otL parent (GGP, GP), UETA OTL
parent (GP, P) kAl teAlka otL parent (P, GGC)

Eloaywyn otn yAwooa Prolog 22



Mpoypappa PE XPrion Tou Kavova

parent(kim, holly).
parent(margaret, kim).
parent(margaret, kent).
parent(esther, margaret).
parent (herbert, margaret).
parent(herbert, jean).

greatgrandparent(GGP, GGC) :-
parent (GGP, GP),
parent(GP, P), parent(P, GGC).
« ‘Eva TIpOypappa amoteAeital ano yta akoAoubia aro
mpoTacelC (clauses)
« Mula TTpOTACH E€LVAL ELTE VA YEYOVOC I EVAC Kavovag
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MapadeLypa

?- greatgrandparent(esther, GreatGrandChild).
GreatGrandChild = holly ;
false.

?-

 [la TNV anavinon tng mapamnavw £pwWtNoNG, ECWTEPLKA
eCetalovtal dLagpopol evéLaueaoL atoyot (goals):

- O TIpWTOC (UTI0)OTOXOG ELVAL N APXLKN EpWTNON

- O emMOpEeVOoC lval O,TL ATIOPEVEL TIPOC ATIOSELEN YETA TNV
atmodeLEN TOU TIPWTOU (UTIO)TTOXOU HE XPrION KATIoLag
TIPOTACNG TOU TIPOYPAPHATOC (0TN CUYKEKPLUEVN TIEPLTTTWON,
L€ XPrjOn TOU Kavova yLa To Katnyopnua
greatgrandparent/2)

- K.0.K., HEXPL VA U PELVEL TLTTOTA TIPOG ATTOSELEN
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parent (kim, holly).
parent(margaret, kim).
parent(margaret, kent).
parent (esther, margaret).
parent(herbert, margaret).
parent(herbert, jean).
greatgrandparent (GGP, GGC) : -
parent(GGP, GP), parent(GP, P), parent(P, GGC).

Sl BT as el N

greatgrandparent(esther, GreatGrandChild)
@ Clause 7, binding GGP to esther and GGC to GreatGrandChild

parent(esther,GP), parent(GP,P), parent(P,GreatGrandChild)
@ Clause 4, binding GP to margaret

parent(margaret, P), parent(P, GreatGrandChild)
@ Clause 2, binding P to kim

parent(kim, GreatGrandChild)
il(Hmme1JMnmngGreatGrandChildtoholly
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Kavoveg pe xpion AAAwWvV Kavovwyv

grandparent(GP, GC) :-
parent(GP, P), parent(P, GC).

greatgrandparent(GGP, GGC) :-
grandparent (GGP, P), parent(P, GGC).

H (&La oxeon Pe TNV TIPONYOUPEVN, OPLOPEVN OE OTPWOELG

* [lapatnpnote OTL Kal oL SU0 KAVOVEC XPNOLUOTIOLOUV
LUETABANTEG hE Ovoua P

* H egpBeAeLa kamoLag HeTtaBANTNC Elvat yovo o Kavovag Ttou

TNV TIEPLEXEL

* OL8U0 petaAnTEC pe ovopa P stval avegEapTnTeC
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AVAaSPOULKOL KAVOVEG

ancestor(X, Y) :- parent(X, Y).
ancestor(X, Y) :-

parent(Z, Y),

ancestor (X, Z).

+ 'Evag X elval Ttpoyovog KAmoLou Y:
- Edv o X elvatL yoviogtou Y, n

- EdQv uttdpyx €L KATIOLOG Z TETOLOC WOTE O Z va €lval 0 YovLoG
TOoUu Y, KaL 0 X va givat tpoyovog tou Z

* H Prolog okipadel Toug Kavoveg LE TN O€Lpd TIoU autol
epavidovtal, oTtoTe elval KAAO (KAt HAALOTA TIOANEG (POPEC
aVayKaio) Ta yeyovoTta Kat oL PN avadpopLKoL Kavoveg va
epavidovtal TIpLV aro Toug avadpOopLKOUC
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?- ancestor(jean, jean).
false.

?- ancestor(kim, holly).
true.

?- ancestor(A, holly).

A = kim ;

A = margaret ;
A = esther ;
A = herbert ;
false.

Elcaywyn otn YAwooa Prolog
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O mtupnvag tng cuvtaing tng Prolog

« OAOKANpPN n ouvta&n tou Ttupnva tng Prolog:

<clause> ::= <fact> | <rule>

<fact> = <term>

<rule> = <term> .- <termlist>

<termlist> ::= <term> | <term> , <termlist>

« Eav e€alpebel n Suvatotnta OpLOPOU VEWV TEAECTWVY
aTIO TO XPrOTn, CUVTAKTLKA N Prolog sltvat TToAU atiAn
yAwooa

 AUTO rtav oAo!
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H dLadikaotikn own tng Prolog

greatgrandparent (GGP, GGC) : -
parent (GGP, GP),
parent(GP, P),
parent(P, GGC).

* 'Evag Kavovag AEEL TIWG PTIOPOUPE va amodelEoupe KATL:

- N va amoéeioupe greatgrandparent (GGP, GGC), TIPETIEL
va BpoUpE TLPEC GP KAl P yLa TLG OTIOLEC PTIOPOUPE Va
artodei&oupe OtL parent (GGP, GP), peta otL parent (GP, P)
Kal TEALKA OTL parent (P, GGC)

« 'Eva mpoypappa Prolog poodlopiletl Stadlkaoiec eupeong
ATIAVTNOEWV OE EPWTNOELC

Eloaywyn otn yAwooa Prolog 30



H dnAwTtikn 6Wn tng Prolog

« 'Evag kavovag elval pLa Aoytkn dnAwon:
— T'ta OA€C TG TIHEG TwV GGP, GP, P, katL GGC, av LoYUEL OTL
parent (GGP,GP) kaL parent(GP,P) kaL parent(P,GGC),
TOTE €Mlong LoyVeL kaL greatgrandparent (GGP, GGC)

« Me dA\a AoyLa, Evag Kavovag elval amAwg pLa pOpuouAa

- 6€ Agel W Ba yivel KATL aAAa ammAwg opidel TIg TTpoUTIOBECELG KATW
aTto TLG OTIOLEC pLa TtpoTacn lval aAnéng:

VGGP,GP,P,GGC. parent(GGP, GP) parent(GP, p) parent(P, GGC)
= greatgrandparent(GGP, GGC)
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ANAWTLKEG YAWOOEG TIPOYPUAHUHUATLOMOU

» KdaBe KoppdtL Tou TIPOYPAUPATOC AVTLOTOLYXEL GE pLa ATTAN

Habnuatikrn Evvola:

- Mpotaocelg tng Prolog - o€ @OPPOUAEG TNG KATNYOPNHATLKNG
AoyLKNG TipwtnG tagng (first-order predicate logic)

- OLoplopol cuvaptrioewyv otnv ML - o€ HaBnuatikeg
OUVOPTNOELG

* T1OANEC POPEG 0 OPOC SNAWTLKEC (declarative) yAWoaeg
ITpoypauUatTICUOU XPNOLUOTIoLELTAL YLa va Sel&eL TNV
AVTLOLAOTOAN TWV YAWOOWV AQUTWV OE OXECT HE TLG
TTPOOTAKTIKEC (imperative) YAWooEC

« Q¢ dNAWTIKEC YAWO oG cuVNBWCE BEWPOULE TLG AOYLKEG KaL
TLC CUVAPTNOLAKEC
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MAcoveKTAMATA TWV SNAWTLKWY YAWOOWV

* Ta TpoypAPHATA OE TIPOOTAKTLKEG YAWOOEC TIOANEG (POPEC
£XOUV TIPOPBANUATA AOYW TIAPEVEPYELWV KAl
aA\nAe€aptrioewy

* ETeLdr) oL SNAWTLKEC YAWOOEG £XOUV OXETLKA ATTIAN KAl
«KaBapotepn» cnUAcLOAOYLA, ATIOPEVYOVTAL KATIOLOU
£L60UG TIPOYPAPHATLOTIKA AABN PE CUVETIELA N avaTTTuén
KAL N GUVTNPNGCN TIPOYPAUPATWY VA YIVETAL TILO EUKOAQ

* O TIPOYPAHPATLOPOC ELVAL AVWTEPOU ETILTIESOU KaL TTILO
QUTOMATOC: O TIPOYPAUMATLOTHG ATIAWG TIEPLYPAPEL TNV
ipodLaypagr Tou TTPOBANUATOC KAl KATIOLA KOUUATLA TG
EKTEAEOIG TOU TIAPEXOVTAL ATIO TO cUCTNPA UAOTIOLNONG
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H Prolog £xeL KaL ta U0 XOpPAKTNPLOTLKA

* 'ExEL SNAWTLKA GnHAacLoAoyia
- 'Eva mpoypappa Prolog €xeL eva AOYLKO TIEPLEXOUEVO

* 'EXEL SLASLKAGTLKN onpacLloAoyia

- ‘Eva mtpoypappa Prolog £xet kat kaBapa SLtadlkaotika
XOPOAKTNPLOTLKA: TN OELPA PE TNV oTtola epgavidovtal ol
KAVOVEC, TN OELPA EPPAVLONC TWV UTTIOOTOXWV O eva
Kavova, Katnyopruata Pe mapevepyeLeg (.. I/0), K.AT.

* 'Opwg elval onuavTiko o TIPOYPAUPATLOTAG Va Elval
EVINUEPOC KAL va Ttaipvel uttoPn Tou Kat TG U0 OYELC
NG YAWOOoAC KATA ToV TIPOYPAUUATLOHO
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TeAeoteg TtnG Prolog

* H Prolog €xeL kAmoLoug TIPOKABOPLOPEVOUC TEAEOTEC
(KQL ETILTPETIEL TOV OPLOPO VEWV TEAECTWV ATIO TO

xpnotn)

* 'Evag TEAEOTNC elval amAwG Eva KATNyopnua yLa to
ottolo €lval Suvatr n xprjon KaroLag L8LKNG
OUVTOKTLKNG CUVTOUOYpa@Llag OTLG XPrOELG TOU

Eloaywyn otn yAwooa Prolog
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To Katnyopnua =/2

« O 0otoyog =(X,Y) €MLTUYYAVEL AV KAL JOVOV av oL 0OpoL
X Kal Y prtopouv va evottolnBouv:

?- =(parent(adam,seth), parent(adam,6X)).
X = seth.
?-
« Emeldr) To atopo '=" €lval opLopeVo wE SuadLkog

TEAEOTNC, OUVNOWC YPAPOUE TO TIAPATIAVW WG:

?- parent(adam,seth) = parent(adam, X).
X = seth.

2.
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ApPLOPNTLKOL TEAECTEG

 Tadtopa '+','-", "*'kaL '/" elvaL opLopeva wg
TEAEOTEG, JE TN OLVINON TIPOTEPALOTNTA KAl
TIPOCETALPLOTLKOTNTA
?2- X = +(1,%(2,3)). H Prolog pag emtpenel va
X = 1+2*3. XPNO1LOTIOI|C0VE OVVTAEN
TEAECTWV OTNV €10000, KAl
RS rast O1{OTIOLEL VTN TN HOPET
X = 1+2*3. xpnott (1] TN HOpOeN
OTNnV £€£000 TV 0PV, GAAX
2. KOl 0TIG OVO TIEPITTTWOELS O

LTTIOKELLEVOG OPOG E1val O
+(1,7(2,3))
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Mn artotLpunUEVOL 6pol

?2- +(X,Y) = 1+2*3.
X =1
Y = 2*3.

?- 7 = 1+2*3.
false.

2.

« Meta TNV gvottoinan, o 0pog tapapevel +(1, *(2, 3))

* Me dA\a AoyLa, 0 0pog Elval Pn armoTLPNUEVOC

(Ze emopevn SLAAeEN Ba SoupE OTL UTIAPYEL TPOTIOC OTNV
Prolog va amoTLur)oouhE TETOLOUG OPOUC.)
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Aioteg otnv Prolog

* 2UVTAKTLKA €lval Teplmou oav tL¢ Aloteg otnv ML

« To dtopo [] avamapLota tnv Kevn Alota

« To ouvaptnolako cUPBoAo '. ' /2 avtloToLyEL oToV
teAeotn 1 tnc ML

"Ex@paorn otnv ML ‘Opog otnv Prolog
[] []
1::[] .(1,[1)
1::2::3::[] (1,.(2,.(3,[1)))
Aev LTIAPYEL AVTIOTOLYO. .(1,.(2,-.(3.14,11)))
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OL avarapactaceLg TWV ALoOTWV otnv Prolog

Alota ‘Opog GTOV OTIOL0 AVTIGTOLYEL
] []
1] (1, [1)
1,2,3] (1,.(2,.(3,[1)))
(1,2,3.14] (1,.(2,.(3.14,[1)))

* H poper| Tou ouvrBwg XpNOLYOTIOLELTAL ELVaL N ApLOTEPN

« AN\ €lval ammAwG PLa cuvtopoypagia tng Hop@ne Tou
gatvetat de€La otov Ttapanavw Tivaka

* H Prolog tuttwvel TI¢ ALOTEG PE Xpr)onN TNG HOP YN OTO
apLOTEPO PEPOC TOU TIlvaka
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NMapadeiypata

?- X = '(11'(21'(31[])))'

X = [1, 2, 3].

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

X=1
Y = [2, 3].
?-
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AVaTtapacTACELG ALOTWV HE oupa

Alota ‘Opog GTOV 0TI010 AVTIGTOLYEL
[1]X .(1,X)
[1,2]X] (1, .(2,X)))
[1,2][3,4]] To i6w0 pe [1, 2, 3, 4]

* T1OAAEC (POPEG TO TEAOC TNG ALloTag elval To cUPBOAO |
akoAouBoupevo aro tnv oupd tnG Alotag

« XpnoluoTioLeltat o€ poTuTIa: 0 0poG [1, 2| X] evottoLeitat
pE KaBe Alota Ttou apyidel pe 1, 2 KaL EXEL evav Opo X WG
oupa

2- [1,2|X] = [1,2,3,4,5].
X = [3, 4, 5].
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To Katnyopnua append/3

« To mpokaBoplopevo Katnyopnua append(X,Y, Z)
ETILTUYYAVEL AV KAL UOVO av n Alota Z lval To arnmoteAeoua
TNC oUVEVWONG TNG Alotag Y oto teAog tn¢ Alotag X

?- append([llz]l [314]1 Z)'
Z = [1, 2, 3, 4].

?-
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'OxL antAwg pLa cuvaptnon!

?- append(X, [314]1 [1121314])'
X=1[1, 2] ;
false.

2.

« To katnyopnua append/3 umopel va xpnoLgotolnOet

he KABe 0po tNn¢ Prolog (ue aAAa AOyLQ, PUTIOPEL Va
KANDB<L Kat e petaBAnteg os KABE opLoua)
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'OxL antAwg pLa cuvaptnon!

?- append(X, Y, [1,2,3]).
]
(1, 2, 3] ;
(1]

(2, 3] ;
(1, 2]

3]

(1, 2, 3]
(1

alse.

X
Y
X
Y
X
Y
X
Y
f
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H uAottoilnon tou Katnyopnuatog append/3

append([], L, L).
append([H|L1], L2, [H|L3]) :-
append(L1, L2, L3).
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AAAa Katnyopnuata yLa ALoteg

Kamyopnpo [Teprypaon
member (X, Y) Emrtuyyavel edv n Alota Y €xel w¢ péAog tov 0po X.

Emtoyyavel eav n Alota Y mepiexel 1o X wg HEAOC, Kal
select(X,Y,Z) 0 0po¢ Z €ival o 16106 pe TN AloTta Y aAAG Ywpig Eva
OTLYHLOTUTIO TOL OpovL X.

ntho(N, L, X) Emtoyyavet edv o N givat évag pn apvnTikog akEpaog,
L pwa Alota, kot 1o X eivatl 1o N-00T0 oToyelo Tng
Alotag L, apyidovtag v apiBunon amno to 0.

length(L,N) Emtoyyavel eav o opog L etvar g Atota pe prnkog N.

« 'OAa ta mapamnavw sivat eueAlkta, cav to append/3

* Me dA\a AOyLa OL EPWTHOELG OTA KATNYyOopPrHata urmopouv
Va TIEPLEXOUV LETAPBANTEC OE OTIOLASNTIOTE OPLOUA TOUG
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XpnRon tou Katnyopnuatog select/3

?- select(2,

= [1, 3] ;
false.
?-
?- select(2, Y, [1,3]).
Y =[2, 1, 3] ;
Y =[1, 2, 3] ;
Y = [1, 3, 2] ;
false.
?-
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[1,2,3], Z).

?- select(2, [1,2,3,2], 2).
[1, 3, 2] ;

Z
Z [123],
f

l-'” I

2.

?- select(2,

[X,Y], [1]).

X =2
Y=1;
X=1
Y = 2 ;
false.
?-
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To Katnyopnua reverse/2

* reverse(X,Y) elvalL aAnBeg eav o Opo¢ Y evoTtoLeitat
LE TNV avaotpon tn¢ Atotag X

?- reverse([1,2,3,4], Y).
Y = 1[4, 3, 2, 1] ;
false.
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H uAoTtoilnon Tou Katnyopnuatog reverse/2

reverse([], [1)-

reverse([Head|Tail], Reversed) :-
reverse(Tail, RevTail),
append(RevTalil, [Head], Reversed).

 Aev €lval evag amod0oTLKOG TPOTIOC va avtlotpePoupe
yLa Atota

* YTtapxouv TiLo amoS0TLKOL TPOTIOL AVTLOTPOWYNG
ALOTWV (OTIWG akpLBwWCG eldape kat otnv ML)
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‘Otav Sgv TTAVE OAd KAAQ...

?- reverse(L, [1,2,3,4]).
L = [4, 3, 2, 1] ;

Action (h for help) ? a

% Execution Aborted
?-

* [wa to (naive) reverse/2 tng iponyoupevng dLagpavelag,
(nTNoaueE PLa akopa Aucn Kat Bpedbnkaue o' evav ateEpPovo
Bpoxo

« MropoUpE va TTAUCOUE TNV EKTEAECN TTatwvtag Ctrl-C,
KAL OTN OUVEYXELA TIATAUE a yLa TO OPLOTLKO OTAPATNHA TNG

* To reverse/2 &gv eilval TOO0 EVEALKTO 000 TO append/3
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AvaoctpePLpa Kal pn avactpEPLpa Katnyopipata

« Y evav L6EATO KOOUO, TA KaTnyopnuata eivat oAa
TOOO0 EVEALKTA 000 TO append/3

 Elval Lo SNAWTLKA KAl PJE ALYOTEPOUC TIEPLOPLOHOUG
oTN XPron Toug

* AMN\Q TTOAEC (POPEG PN EVEALKTEG UAOTIOLNOELG £lval
TIPOTLPOTEPEG, YLa AOYyou¢g artodoonc r)/KaL anmAotntag

* 'Eva TapadELypa TOU TL ONPAatlveL N Ttapamavw @epaocn
HaG SELYVEL TO EVOWPATWHEVO Katnyopnua sort/2
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To Katnyopnua sort/2

?- sort([2,3,1,4], X).
X =11, 2, 3, 4].

?- sort(X, [1,2,3,4]).
ERROR: Arguments are not sufficiently instantiated

« ‘Eva avaotpeuo Katnyopnua sort/2 Ba £mpere va
uttopel va «avti-ta&lvounoes pyta Nén ta&wvounuevn Atota
— ME AAAQ AOYLO Ba ETIPETIE VA ETILOTPEPEL OAEC TLG
avadLatageLlg TwV OTOLYELWV TNG — ToU elval eKBETLKO

*  OEANOUE KATL OavV TO TIAPATIAVW Va Elval EVOWPATWHEVO
o€ £va Baclko Katnyopnua tng y\wooag;
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AVWVUHEG METABANTEG

H petaBAnTn _ eitvat pyua petaBAntn xwpLlc ovoua
« KaBe spaviaon tng elvat ave€aptntn ano OAEG TG
UTTOAOLTTEC

« EvottoLeitat pe kabe opo

« Me aA\a AOYLQ, CUUTIEPLPEPETAL OAV TLG HETAPBANTEG
_ Ttng ML
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To Katnyopnua member /2

member (X, [X]|_]).
member (X, [_|T]) :-
member (X, T).

?- member(b, [a,b,c]).
true ;
false.

?- member(d, [a,b,c]).
false.

?- member (X, [a,b]).
X a

X = b.

?-
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Mpocoxn OTLG TTPOELSOTIOLNCELG!

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

Warning: Singleton variables [L1,LI]

* MnVv ayvoEiTe Ta TIPOELSOTIOLNTLKA UNvUpata OTL
uetapBANTeC epavidovtal povo pLa popa

« 'Omnwg katL otnv ML, elvat Kako oTUA Tipoypaupatiopou va
ovopAadoupE PHETAPBANTEG TTOU SEV XPNOLUOTIOLOUME - ELSLKA
eTteLdN €lval To povo prpvupa tou o compiler Ba ByaAet
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To katnyopnua \+/1

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

?- \+ member(4, [1,2,3]).
true.

?-

* Y& ATAEC EPAPUOYEC, CUVNBWC AELTOUPYEL oav TOV
TEAEOTI) AOYLKNG Apvnong

* AAN\Q EXEL KAL PLO ONPAVTLKA SLaSLKACTLKI TIAEUPA...
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Apvnon wg artotuyxia (negation as failure)

[la va amodei&el to \+ X, n Prolog mpootmaBet va
artodei&eL To X

* \+ X ETLTUYXAVEL EQV O OTOXOG X ATIOTUYXAVEL

« OL8V0 oYeLg Eava:
- ANAWTKN: \+ X =-X
- ALadLKaoTLKNi: \+ X EMLTUYYAVEL EQV TO X ATIOTUYXAVEL,

KAL ATTOTUYXAVEL €AV TO X ETILTUYXAVEL, Kal &€V
teppatidel eav To X dev tepuatidel
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Napadsypa

sibling(X, Y) :-
\+ (X =Y),
parent(P, X),
parent (P, Y).

sibling(X, Y)
parent (P, X),
parent(P, Y),
\+ (X =Y).

true.

?- sibling(kim, kim).
false.

?- sibling(X, Y).
false.

?- sibling(kim, kent).

?- sibling(X, Y).
kim
kent ;

kent
kim ;

margaret
jean ;

jean
margaret ;

<X <X <X =X

false.
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‘Eva peyaAutepo tapadeLypa o< Prolog
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Mua KAaoLK oTta{oKEWAaALA

‘Evag avBpwttog (man) ta&ldevel padl Y’ eva Auko (wolf),
uLa katolka (goat) kat eva Adyavo (cabbage)

* O avBpwrttog BeAel va SLaoyloeL eva TTOTAPL ATTO T SUTLKI
0XOn oTtnVv avatoALkn

* XTNV Ap)LKN 0xOn uttapxeL pua Bapka, n omoLa OPwWE
XWPAEL TOV AvOPpWTIO KAl TO TIOAU £va AAAO QVTLKELPEVO

* O AUKOG TpWEL TNV Katolka eav Bpebel povog padl tng
« H katolka tpwel To Adyavo av Bpebel povn pall tou

* Me TIOLO TPOTIO PUTIOPEL O AVOPWTIOC VA TIEPACEL OTNV
arevavtL 0xn pe OAa ta uttapyovta Tou;
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AOPEG SESOMEVWV TNG AUONG

* Oa avamnapacTr)COUE TOUC OYXNUATLOPOUG TOU
OUOTNPATOC UE PLa Alota Ttou Selyvel Tnv 0xOn otnv omola
elval To KABe TL e TNV €ENC oELpQ:

man, wolf, goat, cabbage

* O apyLKOG OXNUATLOPOG: [w, W, W, w]

* Eav yla mapadelypa o avOpwrtog e TO AUKO UTIOUV OTN
Bapka, 0 VEOG oxnuatLopog elvaL o [e, e, w, w] - aAAQ TOTE
N Katoika Ba pdagL To Adyavo,oToTE 0 TIapaATIAvW
OXNUATLOPOC €V €lval ETILTPETTOC WE EVOLAPEDOG

* O emBUPNTOC TEALKOC oXNnUatLouog: [e, e, e, e]
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Kwvnoeig

« Y& KaBe kivnon, o avBpwtto¢ dtacyileL ToO TTOTAYL E
TO TIOAU €va ATIoO TA UTIAPYOVTA TOU

* @0 avarapacTr)COUME TLG TECOEPLG ETILTPETITEC
KLVNOELG YE Teooepa atopa: woLf, goat, cabbage,
nothing

* (Omou, nothing onuatvel otL 0 avBpwtog dtaoyilel
TO TIOTAUL JOVOG TOU Peaa otn Bapka)
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OL KLVIGELG TPOTIOTIOLOUV TOV GXNHUATLONO

« KdaBe Klvnon YETAPOPPWVEL EVa OXNUATLOPO 0' evav AAAo
« Xtnv Prolog, Ba mpoypappatiocoupe Tn AUonN PE Eva
Katnyopnua: move(Config, Move, NextConfig)
- Config elval evag oxnuatiopog (tuy. [w, w, w, w])
- Move ilval pLa kivnon (1.x. wo'lf)

- NextConfig elval o oynuatlopoc-anoteAecpua (oTo
OUYKEKPLUEVO TTapadeypa o [e, e, w,w])
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To Katnyopnua move/3

change(e, w).
change(w, e).

move([X, X, Goat, Cabbage], wolf, [Y,Y,Goat, Cabbage]) :-
change(X, Y).

move([X,Wolf, X, Cabbage], goat, [Y,Wolf,Y,Cabbage]) :-
change(X, Y).

move([X,Wolf, Goat,X], cabbage, [Y,Wolf,Goat,Y]) :-
change(X, Y).

move([X,Wolf, Goat,Cab], nothing, [Y,Wolf,Goat,Cab]) :-
change(X, Y).
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AcaAeilGg oxnpatLoHol

* 'EVag oXNUATLOPOC elvatl ac@aAng eav
- O AUKOC Kal 1) Katolka gite puAdooovtal attd Tov AvepwTIo
N €ival o€ dIOPOPETIKEC OXOEC, Kal

- H katoika kat 1o Adyavo &ite puAdocovtal artd ToV avOpwTIo
N €ival o€ dIOPOPETIKEC OXBEC.

guarded_or_separated(X, X, X).
guarded_or_separated(_, Y, Z) :- Y \= Z.

safe([Man, Wolf, Goat, Cabbage]) :-

guarded_or_separated(Man, Goat, Wolf),
guarded_or_separated(Man, Goat, Cabbage).
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AUOELC

* Mua Auon apyilel amo Tov apyLKO GYNUATLOUO Kal
SnULOUPYEL pLa Alota aro KLVroeLg Ttou 06nyouv oTo
oxnuatiopo [e, e, e, e], £ET0L WOTE OAOL OL EVOLAPETOL
oxnuatLopol va sivat ac@aleic

solution([e,e,e,e], [1).

solution(Config, [Move|Moves]) :-
move(Config, Move, NextConfig),
safe(NextConfig),
solution(NextConfig, Moves).
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To katnyopnua length/2

L
N

L
N

= =

=

. QTELPEG AVCELG . ..

?- length(L, N).

[]
0 -

|
1
[, ]

[, . ]

[~ = ]
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H Prolog Bplokel tn Aucn

?- length(L, N), solution([w,w,w,w], L).

[goat, nothing, wolf, goat, cabbage, nothing, goat]
7 .

ZnMeiwon: xwpic tn xpnon tou length/2, n Prolog 6¢ 6a
£BpLoKe KaTToLa AUCN (JE TO CUYKEKPLUEVO TIpoypauua). Oa
uttepdevotav Payvovtag yla AUCELC TNG HopYNG:

[goat, goat, goat, goat, goat..]
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KdartoLa KaAd xapaktnpLotika tng Prolog

* To mpOypaPUA Pag amAwG Kateypaye TNV EKQwvnon
TOU TIPOBANUATOoC TIPO¢ ETTLAUGCN

« Aev IpocdLoploape KATIOLo TPOTIo avalntnong tng
AUonc¢ tou tpoBANuatoc - n iéia n Prolog ekave tnv
avadlntnon

« AuTtouU Tou €l6oug ta ipoBAnuata sival akpLpwe ta
nipoPAnuata o €lval KataAAnAa tpog eTAUGCH o€
Prolog

* [lepLoootepa TTApASELyHATA OE ETTOPEVEC SLAAEEELC...
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