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Mepiexdpeva

« Evonoinon

* MovteAa ekteleonG TnG Prolog

- To JladIKAOTIKO HOVTEANO
- To povteAO uhonoinong
- To apnpnUEVO HOVTENO

* [leplooodtepn Prolog

- Katnyopnipata e.00d0u Kal EE6O0U
- Katnyopnuata diaxeiplong tTng Baong tng Prolog
- AplBunTikoi unoAoylopoi Kat ouykpioelg otnv Prolog

* [lapadeiypata npoypappatiopou o Prolog

* AnoxalpeTiopog otnv Prolog
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AvTtikataoTaoeig (Substitutions)

M avrikataoraon €ival pla ouvapTnon Nou anelkovilel

HETAPBANTEG OE OPOUG:
c={X—>a Y—> f(a,b)}

 H avtikatdoTtaon o avTloTOLXEL TN HETABANTI X OTO a Kal
TN Y oto £ (a,b)

 To anoteEAeOpa TNG EPAPUOYNG MIAC AVTIKOTAOTAONG O€
Evav 0p0 dNUIOUPYEL Eva OTIyUIOTUMO TOU OPOU

 [anapadelypa o(g(X,¥Y))=g(a,£f(a,b))

« Oopocg(a,£f(a,b)) eivalroTiyudtuno tTou g (X, Y)
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EvoTtroinon

 AUo opol Tng Prolog ¢, Kat ¢, evorioiouvtal €aV UNAPYKEL
KAMola avTlkataotaon ¢ (0 £voriomnTr)¢ TOUG) NOU KAVEL
TOUG OUO Opoug akpLBWG Toug idloug: o(f,) = o(t))
- Ou6pot a kat b dev evonolouvTal
- Otopot £ (X,b) kat £(a,¥Y) evonololvrtal: £vag evonoinTtng
givato {X —> a, Y — b}
- Otopol £ (X,b) katg (Y ,b) dev evonowouvtat
- Otopota(X,X,b) kata(b,Y,Y) evonowouvtat €vag
gvonointAg sivato {X — b, ¥ — b}
- Oi6pota(X,X,b) kata(c,Y,Y) dev evonolouvTtal

- Oit6pora(X,f) kata (Y, £) evonolouvtar €vag evonoinTtng
civato {X > 42,Y — 42}
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[MOAAQTTAOI EVOTTOINTES

* parent (X,Y) KalL parent (fred, 2):
- 'Evag evonointng eivat o ¢, = {X - fred, Y — Z}
- AMN\OG €vag gival o 6,={X - fred, Y - mary, Z - mary}
- AMN\OG €vag gival 0 6, ={X - fred, Y - foo (42), Z - foo (42)}
* H Prolog en\eyel evonoinTEg 0Nwg o G, oL 0noiol
KaBopidouv akpIBwG TIC AVTIKATACTACELG NOU £ival
AVAYKQAIEC YIa TNV evonoinon Twv dUo Opwv
« Me aAAa Aov1a, n Prolog entAEyel Tov Mo yevIKo
evonolntn Twv duo opwv (MGU — Most General Unifier)
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O TT10 YEVIKOG evotroinTAG (MINE)

« O 0pog t, eival No YEVIKOG arno Tov 0po t, eav o t, €ival
OTIYHIOTUNO TOU t; dAAG O t; O€V €ival OTLYHOTUMNO TOU 1,

- [Mapadeypa: o 0poG parent (f£fred, ¥) €ival nNo YEVIKOG ano Tov
O0po parent (fred,mary)

* 'Evag evonointng ¢, 0uo opwv t, KAt t, €ival o Mo YEVIKOG
£vOrolnNTNG €av dev unapyxel AAAOG EvVoNolNTnG 6, TETOLOG
WOTE 0 OPOG G,(t;) va glval Mo YEVIKOG Ao Tov 0po G4(t,)

* Mnopei va anodelxBei OTL 0 NIO YEVIKOG EVONOINTAG £lval
HOVadIKOG (av ayVvOorOOUUE TA OVOUATA TwV HETABANTWV)

MeploodTtepn Prolog 6



H Prolog xpnoiyoTroigi evotroinon yia 1o Travta

[TEpaoua NAPAUETPWYV
- reverse([1l,2,3],X)

A€o0 petaBAnTwy
- X =0

Kataokeun dedOUEVWV
- X = . (1r [213])

Enw\oyn dedopevwy
- [1/2/3] = (XIY)
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‘EAgeyxoc¢ epgpaviong (Occurs check)

« M peTtaBANTA X KAl EvaG OPOG £ EVOMNOLIOUVTAL PE TNV

avTikataotaon {X — ¢}

- X kKat b evonolouvTat: o NlrE eivat {X — b}
- XkKat £ (a,g (b)) evonowouvtat. o [MME eivat{X —» £(a,g (b))}
- XkKal £ (a,Y) evonowouvtat: o [MNMNE sivat {X > £(a,Y)}

o EkTOC gav n usrafAntn X nepiAaupaveratl otov 0o t:

- OLopoLX kat £(a,g (X)) dev evonolouvtal: N AvTlkKAatTaoTaon
{X > £(a,g (X))} dev eival evonolinTtng

« Me aAAa Aoyla, Toulaxlotov otn Bewpia, n evonoinon
npeneL va givat KaAa BepeAwpevn (well-founded)
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EvoTtroinon xwpic EAeyXo eu@aviong

« H default evonoinon t™ng Prolog dev neplAapavetl EAeyxo

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

?- append([], X, [a | X]).

X=[a, a, a, a, a, a, a, a, al|...] ;

No

* AMAG 10 ISO Prolog standard neplhappavel eva
Katnyopnua pe ovopd unify with occurs check/2
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MovTéAa EkTéAeong TnG Prolog

MepioodTepn Prolog
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To J01a0IKaOTIKO HOVTEAO eKTEAEONS TNS Prolog

« Kabe katnyopnua sivat pia dladikaaoia yla tnv anodelgn
OTOXWV

- p :-4q, r.

e [la TNV anodelgn Tou 0TOXOU p, MNPWTA EVOMNOINOE TO OTOXO

HE TNV KEPOAAN TOU KaVOvVa p, LETA AMNOJEIEE TO g, KAL LETA
anodEIEE TO &

- S.
* [la TNV anodelgn Tou 0TOXOU s, EVOMNOINOE TO OTOXO LE TO s

« H kaBe npotaon (yeyovog 1 Kavovag) anoTeAEL Eva
OLAPOPETIKO TPONO anddEIENG TOU OTOXOU

 H anddeign pnopei va nepAapBAavel KANOEIC 0€ AN
KATNnyopnHaTa-OladlKAoIEG

Meploodtepn Prolog
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MNapadeiypaTta

P :—q9q, r
q :- s.

r :.— S.
S.

P - P

Meploodtepn Prolog

boolean p()
boolean q()
boolean r()
boolean s ()

boolean p()

{return
{return
{return
{return

{return

q() && r();}

s();}
s()/}

true;}

p();}
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OmoBodpounon (Backtracking)

* M nepinAokn: ontoBodpounon

* H Prolog kpatael pa Aiota pe 6Aoug Toug duvaToug
TPOMOUG UE TOUG OMOIoUG UMOPEL va LKavonolnoel
KAMoLoG 0TOXO0G KAl TOUG OOKIUAZEL UE TN OEIPA PEXPL Va
LKAVOMOLNOEL NANPWG TO OTOX0 N HEXPL VO EEAVTANOEL
OAEC TIC dUVATOTNTEG LKAvonoinaorg Tou

 'EOTW 0 OTOXOGC p OTO NAPAKATW NPOYPALUA: O OTOX0G
LKAVOMOoLEITAL AAAQ HOVO PE Xpnon onobodpopunong

1 p :- q, r.
2 q :- s.
3 q.

4 r.

5 s :-0=1

Meploadtepn Prolog : : : 13



AVTIKATAOTOOT

* AAAN La NEPLNAOKNA: AVTIKATAOTAON HETABANTWYV

e M KouLLEVN DOA AANOOW®ODIO H avtikotdotoon 6, TpoKOmTTEL
PUHHEVR POR ANPODOPLAG amO TNV OTOOELEN TOV OPOL

02(61(]: (Y)))

| H oovbeon tov aviikataotdoemv
| EMOTPEPETUL GTOV KOAOVVTOL

H avtikatdotoon o, = MGU(p (£ (Y) ) ,?)
7 epapuoleton o€ OAEG TG pebendueveg
GLVONKEC TPOC 1KAVOTOINGT TG TPOTOUGTG

-1 O dpog mov amodeiydnke eivar o

T o 3(52(01 (1))

O apyog P S

andoeln ¢

" | To 1610 cvpPaiver kat pe Tnv

“,| avtikatdotaon o, n onoia
TPOKVLTTEL IO TNV OL0OTKOGTOL
ardoeENG T0V 6TOY0L G, (g (Y))
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To povTtéAo uAotroinong: EmiAuon (Resolution)

« To Baoko BAua cupnepacpou

« Kabe kavovag avanaploTatal PE pa AloTta ano 0poug
(KABe yeyovOog avanaplotatal ano AMoTa EVOG OTOLXEIOU)

« Kdabe BApa eniAuong xpnotyonolel pia and auTeg TIG
AOTEG, Hla @opaq, YIa va ENTUXEL KANOLa NPpOodo TNV
anodelEn LaG AloTtag ano 0poug Nou £ival 0TOXOoL NPOG
anodEIEn YIa TNV anAavtnon Kanowag 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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MNapadeiypa TiAuong

[ v Topokatom Aot Opwv TPog amddEIEN:

[P (X),s(X)]
KOl TOV KOvOVaL:

P(E(Y)) :- q(¥), r(Y).
O IIT'E eivair o {Xx — £(Y) }, K01 6T0 ENOUEVO PriLol TPOKVTTEL N
AMoTo amoteEAOVUEVN OO TOVE OPOVC:

resolution([p(£(Y)) ,q(Y),r(¥)], [pP(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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‘Evacg digpunvéac tng Prolog

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
clse solve(resolution(c, goals))
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MNapadeiypa

Mo pepikn enidvon tov p (X) :

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

 H ouvaptnon solve OOKIUALEL TIC TEOOEPIC NPOTACELG
N A HETA TV GAAN
- H npwtn npdétaon taplalel, KaL n cuvaptnon solve KAAEL TOV
EAUTO TNG AVAdPOMIKA LE TO ANMOTEAECMA TNG dLAAUONG

- OLAAAEG TPEIG NPOTACEIG OEV TALPLACOUV: Ol KEPAAEG TOUG OEV
gvornolouvTal PE Tov 0po NG AioTtag
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NMapadeiypaTog ocuvexela

Mo pepikn) enidvon tov p (X) , emektapévn:

1. p(£(Y)) :- solve ([p(X)])
q(Y),r(Y). 1. solve([q(Y),xr(Y)])
2. q(g(2)). 1. nothing
3. q(h(2)). 2. solve([r(g(Z))])
4. r(h(a)).
3. solve([r(h(Z))])
4. nothing
2. nothing
3. nothing
4. nothing
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To TTapadeIlyua OAOKANPWHEVO

1. p(£(Y)) :-
q(Y) ,r(Y).

2. q(g(2)) .

3. g(h(2)).

4. r(h(a)).

Meploodtepn Prolog

H ol eniivon g epotnong p (X) :

solve ([p(X)])
1. solve([g(Y),r(¥Y)])

1. nothing
2. solve([r(g(Z))])
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 AVTIKOTOOTACEWYV

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 ¢ in the program, in order
if head(c) does not unify with head(goals) then do nothing
clse solve(resolution(c, goals, query))

e Tpononolnuevn ouvapTnaon Nou 0EXETAL WG OPLOUA TNV
APXLKN EpWTNON KAl EQAPUOLEL OAEC TIC AVTIKATAOTACELG
navw TG

e 2TO TEANOG TNG €niAuoNG, TO AnodelX0EV OTIYUIOTUNO
NEPVIETAL WG OPLOUA OTN OUVAPTNON succeed
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> WIN

H oA emidvon ¢ epotnong p (X) :

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

* O dlEpUNVEQC NMOU HOALG €idapE ival AEITOUPYIKOG OANG
dev xpnolgonoleitatl ano TIG uAonotnoelg tng Prolog

* 'OAeg ot uhonoijoelg tng Prolog npenel pev va
AEITOUPYOOUV HE TOV TPOMNO NOU LOAIG NEPLYPAYALE
OAAQ OUVHOWG XPNOLLONOLOUV EVTEAWG OLAPOPETIKEG
TEXVIKEG uAonoinong: peta@palouv Tov KwoLKa o€

YAWOOQ KANOoLlaG apnpenUevNG pNXavng
* H nio ouvnBlopEvn TETO pNXavn €ivat n ApnpnUevn
Mnxavn tou Warren (Warren Abstract Machine)
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To apnpnuéEvo HovTéAo: AEvopa aTTOOEIGNG

e OENOUUE VO avaNAPAOCTHOOULE HE KAMNOLO TPOMO TN oslpa
TWV AEITOUPYLWV TNG EKTEAEONG, OUWG XWPIC va
neplopidetal N TEXVIKI TNG uAonoinong

* Ta devdpa anddelgnG anoteAoUV Evav TETOLO POPHAAIOUO:

- H pida eival n apxlkn epwtnon

- OLKOpPoL Tou dEVOPOU gival AioTEG anod O0poug NPOG anoddeLEn, Kal
KGBe KOUPOG €xeL £va natdi yia KABe NpdTAoN TOU NPOYPAUHUATOG
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MNapadeiypa

solve [p (X) ]

solve [q ( nothing nothing nothing

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

<ZIN/

nothing nothing nothing nothing

nothing nothing nothing solve [1]
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ATTAOTTOINCN TWV OEVOPWYV ATTOOEIGNG

* Ta nadla Kabe KOUBOU AvTIOTOLXOUV OTIC NMPOTACELG TOU
NnPoypApHaATOG

« Kal n ogpad toug sivatl idla pe TN oEIPA ELPAVIOTG TOUG
OTO NPOYPOAHUD

 Mnopoupe va anAonotrjooupe To OEVOPO E TO va
anaAseiyoupe 0Aoug Toug nothing KOUBoug

* OLKOpBOL auToi avTIOTOLXOUV OE NPOTACELC Ol ONoieC OV
EVOrOoLoUVTAal PE TO NPWTO OTOLXEIO TNG AloTAG TOU
KOUBOU natEpa
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MNapadelypa atrAoTroinpéEvou OEVOPOU ATTOOEIENG

solve [p (X) ]

\

solve [q(Y) ,r(Y)]

solve [r (g (Z) )] solve [t (h(Z))]

solve []
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2nuaoioAoyia Tng Prolog

« A0BEVTOG EVOC NPOYPAUMATOG KAl MIAGC EPWTNONG, Eva
ouotnua Prolog npenet va AeIToupynaoeEl e TPOMO Nou
KaBopiletal anod pa NnpwTa Kata Babog, aplotepd NPog
Ta Oegla dlaoyxlon (depth-first, left-to-right traversal) Tou
dEVOPOU anodELENG

« 'Evag TpOnog uhonoinong €ival HEow Kanotou dleppnvea
ONw¢ auTtog opiletal anod Tn ouvaptTnon solve

e 2TNV NPAZN ocuvnbwcg Xxpnotonolouvtal AAAoL, no
anodOoTIKOL, TpONoL uhonoinong
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KartnyopnuaTta 10000V Kal £6000U

* H €lo0d0¢G Kal N €£000C OpwWV YIVETAL OXETIKA anAd

?- write('Hello world').

Hello world

Yes

?- read(X).

| : hello(world).

X = hello(world) ;

No
« Onoloodrnote 6pog tTnG Prolog pnopei va diaBaoTel

* YNnapxel eniong To Katnyopnua nl/0 To onoio givatl
LOOOUVAMO HE TNV KAON write('\n')
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To Katnyoépnua assert/1

* [lpooBeTEl Eva YEYOVOG N €vaV KAVOVA OTNV ECWTEPIKI
Baon dedopevwy NG Prolog (oTto TEAOG TNG BAoNG)

?- dynamic parent/2.

Yes
?- parent(X,Y).

No
?- assert (parent (joe,mary)) .

Yes
?- parent(X,Y).

X = joe
Y = mary ;
No
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To KaTnyopnua retract/1

* ANOMAKPUVEL TNV NPpWTN NpoTtacn (Kavova rj yeyovog) nou

EVOMNOLEITAL UE TO OPLOUA TOU ano TN Paon Twv dOEOOUEVWV
?- parent(joe, mary).

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

Yes
?- parent (joe, mary).

No

* YNAapxel €Niong Kal To Katnyopnua retractall/1 10

Ornolo ANOMAKPUVEL OAEG TIC NPOTACELC NOU vonolouvTal
LLE TO OPLOPA TOU
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Ta KkatnyopApaTa 1listing/0 Kal listing/1

« Tunwvouv Tnv eocwTePIKN Baon dedopevwy TG Prolog:
- OAn(1listing/0) N
- HOVO KAMOLO OUYKEKPIUEVO KATNyopnua (listing/1)

?- dynamic parent/2.

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

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

parent (joe, mary).

Yes
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Mn atroTiunUEVOI OpPOI

* Ol TeAeoTteg TNG Prolog enttpENOUV MO GUUMUKVWHEVN
VPO TwV Opwv, aAAd oL 0poL OEV AMOTIHWVTAOL
* 'OAec oL NOPAKATW YPAPEC €lval o idlog 0poc Prolog:

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

« O napandavw 0pog OV €VONOLEITAL UE TOV OPO 7
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ATToTiuNOoN APIOUNTIKWY EKPPATCEWV

?- X 1s 1+2*3.

X =17 ;

No

« To npokaBoplopEvo KaTtnyopnua is/2 Hnopei va
XpPNoonotnBet yla tTnv anoTtipnon evog 0pou rnou €ival
LLO apLlOuNTIKA €EKPPaon

e is(X,Y) anoTid Tov 6po Y Kal EVONOLEL TOV OPO X UE TO
QNOTEAEOUQ TNG ANOTIUNONG

« 2UVvNBWG xpnolponoleital ws dUAdLKOG TEAEOTNG
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H atmroTigynon TTpouTroB<Tel TIMEG. ..

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

Y = 1+2
X =1 ;
No

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

X

1
Y 3 ;

No
?- Y is X+2, X = 1.

ERROR: Arguments are not sufficiently instantiated

Meploodtepn Prolog
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ApPIBUNTIKEG EKPPACEIC KAl CUVOPTHOEIC

¢ 2€E€VAV OPO X is Y, 0oL Uno-0poL ToU Y NPEMEL va €ival
QpLOUOL N} aroTILUWLEVEG OUVAPTNOEIG

* Ol ouvapTtnoelg auteg nepAapBavouy Toug
NPOKABOPIOUEVOUC APLOUNTIKOUG TEAEOTEG +, =, * KAl /

* 'Onwg Kal npoKaBopIOHEVEG APLOUNTIKEG CUVAPTNOELG,
n.x. abs (X), sgqrt (X), floor (X), ..
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MPpayMATIKEG KOl AKEPAIES TIMEG

?- X 1is
X =0.5 ;
No
?- X 1is
X =2.0
No
?- X 1is
X =2 ;
No
?- X 1is
X =2.0
No

1/2.

14

4.0/2.0.

5 // 2.

4.0/2.

°
14

Meploodtepn Prolog

Ao apBuntikoi TOmOL:
OKEPOALOL KL TTPOY LALTIKOL.

O tep1o60TEPES OPLOUNTIKES
GLVOPTNGELS 1Vl
VIEPPOPTMUEVEC Y10 OAOVG
TOUC GLVOLOGLOVC OPIGLATMOV.

H Prolog &yet dvvoutkong
TUTTOVG — O1 TUTOL
YPNGLULOTOLOVVTOL KATA TO
YPOVO EKTEAEGTC YO TNV
eMIAVGT TNC VITEPPOPTMOTC.

[Tapatnpeiote OUmS OTL O
ot0Y0C 2 = 2. 0 amoTVYYAVEL.
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ApIBUNTIKEG OCUYKPIOEIC

* TeAeOTEC APIOUNTIKAG OUYKPLONG:

¢ 2€ O aplOunTIKr) ouyKkplon, n Prolog anotipd kat ta duo
OPIOMATA TOU TEAEOTN KAl CUYKPIVEL TIG TIMEC NOU
NPOKUMTOUV

e Apa Kal Ta OUO OPIoUATA NPENEL VA €XOUV TILEG VIO OAEC
TIG HETABANTEG TOUG
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ApIBUNTIKEG OCUYKPIOEIC

?- 142 < 1*2.

No
?- 1< 2.0.

Yes
?- 142 >= 1+43.

No
?- X is 1-3, ¥ is 0-2.0, X

X = -2
Y = -2.0 ;
No

Y.

Meploodtepn Prolog
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2UYKpIioE€Ic 100TNTAG 0TV Prolog

« MexpL OTIYUNG EXOUME XPNOLILONOINOEL TPELG

OLAPOPETIKOUG TEAEOTEG OUYKPLONG LOOTNTAG:
X is Y anoTua ToV OPO Y KAl EVOMOLEL TO ANOTEAECUA HE TO X
n.X. 3 is 1+2 enituyxavel, aAAd 142 is 3 anoTtuyxAavel

X = Y €vonolel Toug 0poucg X Kal Y, aAAG dev TOUG anoTIpa
N.X. TOOO0 0 0TOX0G 3 = 142 000 KAl 0 142 = 3 anoTtuyxAavouv

X =:= Y anoTiud Toug dUo OpOoUG KAl TOUG CUYKPIVEL aplOpunTIKAa
N.X. TOOO 0 OTOXOG 3 =:= 142 KAl 0 1+2 =:= 3 ENITUYXAVOUV
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Mapadeiypara

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 ;

No

Meploodtepn Prolog

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

No
?- mylength2 (X, 3) .
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Mapadeiypa: sum

sum([], O).

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

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

No
?- sum([1l, 2.5, 3], X).

X =6.5;

No
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MNapadeiypa: ged

ged(X,Y,GCD) :- <«

X =:=Y,

GCD 1is X.
gced(X,Y,GCD) :-

X <Y,

NewY is Y - X,

gcd (X, NewY,GCD) .

ged(X,Y,GCD) :-
X >Y,
NewX is X - Y,

gcd (NewX,Y,GCD) .

Meploodtepn Prolog

Llpoooyn: oy ario,
ged (X, X, X)
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MNapdadelypa: xpnon Tou KAaTtnyopnuatog ged

?- gcd(5,5,X).

X =5 ;

No

?- gecd (12,21 ,X).
X =3 ;

No

?- gcd(91,105,X) .
X =17 ;

No

?- gcd(91,21*5,7).

Yes
?- gecd(91,X,7).
ERROR: Arguments are not sufficiently instantiated

Meploodtepn Prolog
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MNapadeiypa: factorial

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

?- factorial (5,F).

F = 120 ;

No

?- factorial (2*5,F).
F = 3628800 ;

No

?- factorial (-2,F).

No

Meploodtepn Prolog
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Ailaleuen kai if-then-else otnv Prolog

O duadlkog TeAeoTNC ; /2 uhonolel Tn dlaleuen (or)

O oplOpOG TOU glvalt:

(X, ) :- X.
"', YY) - Y.

To if-then-else ypageTal pe xprjon dtaleu¢ng Kal Tou
OuadIKoU TeAeOTN =>/2

O oplOpOG TOU glvalt:
(Cond -> Then ; ) :- Cond, Then.

(Cond -> _ ; Elsg) :- \+ Cond, Else.

Meploodtepn Prolog
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MNapadeiypa xpnong diacsueng 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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MNapadeiypa xpnong if-then-else

ged(X,Y,GCD) :-
X =:=Y%,
GCD is X.
gced(X,Y,GCD) :-
X <Y,
NewY is Y - X,

gcd (X,NewY ,GCD) .

ged(X,Y,GCD) :-
X >Y,
NewX is X - Y,

gcd (NewX,Y,GCD) .

Meploodtepn Prolog

gced (X,Y,GCD) :-
( X ==Y ->

14

o
14

GCD is X

, X < Y ->

NewY is Y - X,

gcd (X, NewY ,GCD)
X >Y >

NewX 1is X - Y,

gcd (NewX,Y,GCD)

Ao TOV TOPATAVED KOOTKO
LUTOPOVE VO TOPAAEIYOVLLE
TOV EAEYYO TNG GLVONKNG

X > Y (kol@uolkad 10 —=>)

48



2uuTtrepipopda Tou if-then xwpig 1o else

[Mpoooxn: Eva if-then Xwpic To else KOPUATL Ba AnoTUXEL
eav n ouvOnkn tou if dev gival aAndng

« Av BEAOULE VO OUVEXIOTEL N EKTEAEDN HE TOUG OTOXOUG

HETA TO if-then, npenetl va xpnoonotrjooupe oo else
KOUMATL TO KOTNyopnua true/0
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Avo Mapadeiypata MpoypapudTwy

< 7

ey
S ETE
&)

MepioodTEPN Prolog
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NMpoBARuaTa avalnTtnong Auong

* H Prolog d6€ oxedldoTnKe yla NpoypPAUUATIONO
APLOUNTIKWY EQAPHOYWY (MPOPaAvVWG)

 Ta npoPAnuata ota onoia n Prolog deixvel TIg
IKAVOTNTEG TNG €ival NpoBAAHATA NOU XPNOLUONoLouV
avadlntnon o€ Eva Xwpo AUCEWV Kal Orou

- [lpoaodlopioupe €vav oplopd TNG AUoNG HE XPAon AOYIKAG Kal
- Apnvoupe tnv Prolog va Bpetl autr) Tn Auon

e Q0 €CETAOOUE TIC AUCELC DUO NMPOPBANUATWV:
- To npoBAnua Tou cakidiou
- To npéBANHa TwV OKTW BACIAMOOWV

Meploodtepn Prolog
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To pofAnua Tou cakidiou (Knapsack problem)

« ETopuadoupe 1o 0aKiOIO HAC VIO LA EKOPOUN)

e 2TO VTOUAQMIO UNAPXOUV Ta £ENG TPOPLUA:

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

* To oakKidlo Xwpdasl NpAypHaTa ouvoAlkou Bapoucg 4 kg.

* [lowa enthoyn npaypatwy Bapoug < 4 kg. HEYIOTONOLEL TO
Nooo Twv BEpUIdWV;
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O1 atrAnoTeg pEBodoI O DoUuAgUouV

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

* [NpwTta TIC NeploadTEPEC Beplideg: bread = 9200
* [lpwTta ta no eAa@pld: peanut butter + pasta = 11300

« (H BeATioTn enthoyr): peanut butter + baby food = 13600)
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Avalntnon

« Agv undpxel yvwoTog aAyopLlOHOG VI TO OUYKEKPLUEVO
nPOBANUa Nou

- Mavta divel Tn BEATIOTN AUoN yia To NPOBANUA, Kal
- Xpelaletal AlyotePO ano EKBETIKO XPOVO yla va T BPEL

« Katd ouveEnela, 6 Ba npeneL va VIPENOUAOTE AV
XPNOHonolNooupe €€avtAnTIkn avalntnon

* To avtiBeto paAoTa, enedn n avalntnon ival KaTL Nnou
n Prolog k&vel KaAa
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AvatrapaoTtaon

« OQa avanapaoTtrioouue KABE 100G @aynTtou E TOV OPO
food (N,W,C)

* To vtouAdnt Tou NapadEIyHATOC HAG avanaploOTATAL WG
Ll AioTa ano TEToLoUG OPOUG:
[food (bread, 4,9200),
food (pasta,2,4500),
food (peanutButter,1,6700),
food (babyFood, 3,6900) ]

* Oa Xpnolonotr)ocoupe TNV dla avanapaotaon yia Ta
nepLEXOUEVA TOU OaKIOIOU
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AKoAouBigg Kal UTTaOKOAOUBIEG

/*
subseq (X, Y) succeeds when list X is the same as
list Y, but with zero or more elements omitted.
This can be used with any pattern of instantiations.

3/

subseq([], []).

subseg([Item | RestX], [Item | RestY]) :-
subseq(RestX, RestY).

subseq(X, [ | RestY]) :-
subseq (X, RestY).

« M unakoAouBia plag AloTag €ival Eva avtiypago tng
AlOTOG 6Nou KANola oToLXEla TNG AOTAG £€XOUV
NAPAAEIPOEL - OTO NAPADELYUA HOG TA NEPIEXOUEVA TOU
OQaKLOlOU €ival pla unakoAouBia Tou vtouAaniou
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Katroia Trapadsiypara

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

Yes
?- subseq(X,[1,2,3]).

X =11, 2, 3]
X =1[1, 2] ;
LHopotnpeiore 0t1 T0 KOTHYOPNLUO.
X =[1, 3] ; subseq/2 dy1 uévo umopet vo
X = [1] ; SMﬁ&MMMﬁmeWMMU
1o, vrakxolovbio KATOI0G AALNS
X =1[2, 3] ; ol pumopel emiong va maporydyet
X = [2] : vrarxoiovbicg, Tic omoiec kot Ha
' XPHOLUOTOLOOVUE VIO, TH ADON TOD
X = [3] ; TPOPANUOATOS TOD GOKLOIOD.
X =117
No
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/%
knapsackDecision(Items, Capacity, Goal, Knapsack)
takes a list Items of food terms, 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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[Na va doUue TTou BPICKOUAOTE...

?- knapsackDecision (

| [food (bread,4,9200),

| food (pasta,2,4500),

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

| 4,

| 10000,

| X) .

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

Yes

* H napanavw KAnon ano@aacilel eav unapxel AUon nou va
LKAVOMOLEL TO OTOXO TWV EAAXIOTWY BepLidwy (10000)

e 'Oxl OpWG UNOXPEWTLIKA TN Auon nou ¢NTAUE EUEILG...
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ATTo@ACICINOTNTA KOl BEATIOTOTTOINON

« Mexpl OTIYUNG AUCQAUE TO /700LANUG TNG arno@aorc yia
TO NPOBANUA TOU CAKIOIOU

* AUTO nou BeAoupe va AUCOUUE €lval TO 77p0LANua TNC
BeAtiororoinong tng AUONG TOU OUYKEKPLUEVOU
NPOLBANUATOGC

« [0 va TO entTUXOUPE, Ba XPNOONOINOOUE €va OAAO
npokaBoplopEvo Katnyopnua g Prolog: £indall/3

Meploodtepn Prolog
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To Katnyépnua £indall/3

* findall (X, Goal, L)
- Bpiokel 6AouUG TOUG TPOMNOUG HE TOUG OMNoioug 0 0TOX0G Goal
IKavoroleitat

- [a Tov KaB€Eva and autoug, epapudlel oTov 0po X Tnv idla
QVTIKOTAOTOON HE TNV Onoia 0 0TOX0G Goal Ikavonolnenke

- Evonolei Tn AloTta L pe ™Tn Alota OAwv auTwy TwV X

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

L = [42, 42, 42, 42] ;

No

*  YNApXouVv TEOOEPIG AUCELG YIa TO subseq(_, [1,2])

e 2UAAEEOUE Hwa AlOTa ano 42, €va yla KaBe Auon
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2UAAOYN TWV ATTOVTACEWYV TTOU OEAOUE

2.uvNBwg, n NPwTN NAPAPETPOC Tou £indall/3 ival
€VaG OPOG HE TIC METABANTEG NMOU UNAPYXOUV OTO OTOXO

npog eniAuon

?- findall (X, subseq(X,[1,2]), L).
X = G396

L =1[[1, 2], [1], [2], [11 ;

No

* H napandvw epwtnon OUAAEYEL OAEC TIC 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 terms 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 terms. 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
terms, the best list of food terms seen so far, its
total calories, and the final result.

7

maxCalories ([First | Rest], Result) :-
calories (First, FirstC),
maxC (Rest, First, FirstC, Result).

maxC([], Sofar, , Sofar).

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

maxC ([First | Rest], Sofar, MC, Result) :-
calories (First, FirstC),
MC > FirstC,
maxC (Rest, Sofar, MC, Result).

MepioodTEPN Prolog 65



/%
maxCalories (List, Result) takes a non-empty List of
lists of food terms. 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
terms, the best list of food terms seen so far, its
total calories, and the final result.

*/

maxCalories ([First | Rest], Result) :-
calories (First, FirstC),
maxC (Rest, First, FirstC, Result).

maxC([], Sofar, , Sofar).

maxC([First | Rest], Sofar, MC, Result) :-
calories (First, FirstC),
( MC =< FirstC ->

NSofar = First, NMC FirstC

To (010 ue ypnon
if-then-else

NSofar = Sofar, NMC = MC

)
maxC (Rest, NSofar, NMC, Result).
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?- knapsackOptimization (
[food (bread,b 4,9200),
food (pasta,2,4500),
food (peanutButter,1,6700),

4,
Knapsack) .
Knapsack = [food(peanutButter,1,6700),

No

I
I
I
| food (babyFood, 3,6900)1],
I
I

food (babyFood, 3,6900) ]

°
4

MepioodTEPN Prolog
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To TPOBANuA TWV OKTW BaciAicowyv (8-queens)

« Kanoleg NANPOoYopIeC yla TO OKAKL:
- [aileTal 0’ €va TeETpAYywvVo 8x8
- M BaciAlooa pnopei va Kivnoei opllovTtia, kabeta ) daywvia
yla 00a TETPAYWVa BEANOEL
- AUo Bacihlooeg anglhouv n pia TV GAAN €Av givat otnyv idla
YPAUUN, 0TAAN 1 dlaywvio (Kat n pia pnopei va Kivnbel apueoa oto
TETPAYWVO TNG AAANG)

 To npoBAnua: BpPeg Eva TPOMNO va
TON00ETNOOUV OKTW PACIAIOOEG
O€ MO KEVN OKAKIEPA £TOL WOTE

Kapia BaciAlooa va pnv
anewleital ano Kanowa aAAn
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AvatrapaoTtaon

e Oa UNoOPOUCALE VO avanapaoTrOoOUPE TN BaciAlooca oTn
OTNAN 2, OE1pA S PE TOV OPO queen (2, 5)

* AANG a@ouU dev unapxouv GAAQ KOUUATIO OTN OKOKLEPO—
n.x. 0 6a €xoupe Kanolo pawn (X,Y) N king(X,Y)—6a
XPNOLUONOINOOUKE anAwg €vav 0po TNG HOPYPNG X/Y

* (Ag Oa Tov anoTiuooupEe wg dlaipean)
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MNapadeiypa

* 'EVOGC OXNUATIONOGC OKAKIEPAG £lval LA AioTta ano

BaciAlooeg

* O napakatw €ivatl yia TIg

Meploodtepn Prolog
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Baoihlooeg [2/5,3/7,6/1]
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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/Y1 | 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 (Y, [1,2,3,4,5,6,7,8]),
nocheck (Rest, X/Y). 71



Etrapkeia

« 'Exoupe NON OPKETA CUCTATIKA Yl VO AUCOULE TO
npOBANUa: N epwtnon legal (X) Bplokel GAOUG TOUG
ENITPENTOUC OXNUATIOHOUG:

?- legal (X).

X =[]

X = [1/1] ;
X = [1/2]
X = [1/3]
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AUON via TIG OKTW BACIAICOES

« QuolKa, n napandvw «Auon» Ba nNAapeL NoAU xpovo: Ba
apXloEL HUE TO va BPEL OAEG TIG 64 AUOEIC pE pla BadiAlooa,
KAl LETA Ba apxloel HE OAEG TIG AUCELG e OUO, KOK.

* Mnopoupe va «eKBLAocOUpE» Hia Auon pe 8 BACIAIOOEG e

TNV €pPWTNON:

?_x=[///////]/

| legal (X).

Q

X = [8/4, 7/2, 6/7, 5/3,
4/6, 3/8, 2/5, 1/1]

Yes

L S T V- N SO O S~ RN R
e
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Y1rapxel duvaroTnTa yia BeATiwon;

« H eUupeon ™G AUONG HE QUTOV TOV TPOMO NAiPVEL MOAU
XPOVO

* 2Tn ouvexela, n Prolog Bpiokel anAeg avadlaTAEELS TNG
npwtnNG Auong:

>~ X=1, ., , , ., ,.,.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]

Meploodtepn Prolog
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BeATilwon TOU TTPOYPAMMATOG

* [lpo@avwg KABe Auan €xel Hia BaciAtlooca og KABE OTRAN

* ApQq, KABe AUoON HNOPEL VO YPOAPEL HE TN HOPPN:
X = [1/_,2/_,3/_,4/_,5/_,6/_,7/_,8/_]

« AivovTtag €vav 0po auTrG TNG HopPncg neplopioupe tTnv
avadlntnon (ENTaxuvovTag TnV) Kal ano@eUyYOUE TNV
gupean anAwv avadlaTtacewyv

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

*/

eightqueens (X) :-

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

« Eneidn ¢epoupe OTL OAEC Ol X-OUVTETAYHUEVEG EIVAL EVTOG
TOU OlOOTNMATOG KAl OIAPOPETIKEG LETALU TOUG, TO

NPOYPOAUUO HnopEel Alyakl va BEATIWOEL

nocheck ([]1, ).
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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BeATIWPEVN AUON oTO TTPORBANMA

* To npoypappa Twea TPEXEL APKETA MNIO Ypryopa

* [a napadelypa, o€ PpioKel MAEOV OAEC TIC avADIATAEELG

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

X = [1/5, 2/2, 3/4, 4/7, 5/3,

6/8, 7/5, 8/1]

6/8, 7/6, 8/1]

°
14
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‘Eva mreipapa

legal ([1]) .
legal ([X/Y | Rest]) :-
legal (Rest),

(¢)

% member (X, [1,2,3,4,5,6,7,8]), assume X in range
l =Y, Y=<8, % was member(Y,[1,2,3,4,5,6,7,8]),
nocheck (Rest, X/Y).

e To napanavw Katnyopnua o€ OOUAEUEL

« Eveipel e€aipeon: “arguments not sufficiently instantiated”

* H KARON TOU KATNYOPNUATOGC member /2 OV €ival ANAwWG

KAMOLOG EAEYYOC OTL Ol OUVTETAYHEVEG €ival EVTOG Opilwv
aAAQ gival rrapaywyr) TwWV CUVTETAYUEVWV
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AAANO Eva TTEIpOAMO

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

« Eveipel e€aipeon: “arguments not sufficiently instantiated”
 HKAQON legal (Rest) MNpEneL va nponyeital 10Tl

NAPAYEL TNV HEPIKI AUCN Nou XPeladeTal N avadpouLKN
KANON Tou nocheck
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EUpeon piag povo Auong

* Av OEAape va Bpoupe pia povo Auon tou npoBARMHATOG
0a unopoucape va XPNOLUONOINOOULE ONOLOONNOTE Ano
TOUG OUO NAPAKATW OPLOMOUG TOU OXETIKOU

KATNYOPNUATOG
/* /*
eightqueensl (X) finds eightqueensl (X) finds
one solution to the one solution to the
eight queens problem. eight queens problem.
*/ */
eightqueensl (X) :- eightqueensl (X) :-
once (eightqueens (X)) . eightqueens (X) ,
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To cut (!) Tng Prolog

* To npokaBoplopevo katnyopnua ! /0 (daadletal cut)
XPNOLILOMNOLEITAL VIO VO NEPLOPLOEL TNV onoBodpopunon

* H ekTEAEON TOU NAVTA ENTUYXAVEL KOl «KAADEUELY:

- 'OAoucg Toug EVOANOKTIKOUG TPOMOUG IKavonoinong Twv

UMOOTOXWY NOoU MBavwg va undpXouv HETACU TNG KEPAANG
€VOC KAvOva Kal TOU onleiou nou to ! gepgavidetal otov

Kavova, Kal

- 'OAoucg Toug KavOVEC NOU MNOPEL VO €N0OVTAL TOU Kavova
Nou NePLEXEL TO !

* H xpAon Tou npeneL va yivetal e eedw Kat UoTEPA ano
QPKETN OKEYN
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MNapadeiypa: Omic0odpounon xweic kKai pe cut

P(XIY) .
x (X),
y (Y) .
P(XIY) .~
z(X,Y).
p(4,d).

x(1l).
x(2).

y(a).
y (b) .

z(3,c).

Meploodtepn Prolog

?- p(X,Y).
X =1
Y = a ;
X =1
Y =Db ;
X =2
Y = a ;
X = 2
Y =Db ;
X =3
Y =c¢c ;
X =4
Y =d ;

2
o)

P(XIY) .~
x (X) ,
{
y (Y).
P(XIY) .-
z(X,Y).
p(4,d).

x(1l).
x(2).

y(a) .
y (b) .

z(3,c).

?- p(X,Y).
X =1

Y = a ;

X =1

Y =Db ;
No
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MéEpn TnG Prolog TTou O¢gv €¢eTACAUE

e Tn duvaTtoTNTA OPLOUOU VEWV TEAEOTWV

* To XEIPIOUO ECALPETEWV
- E&ap€oelg nou gyeipovtal and To cUCTNHA KAl anod To XPnoTn
- Ta OXETIKA KATNyopAUAaTa throw Kal catch

* Tic BBAI0ONKEG KaL NOAAG ano Ta nNpokaboplopeva
KATNyopnuata tnG YAWOoOoaG
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ATTOoXQIPETIONOG TNV Prolog

* A€ XPEIAOTNKE va NAPAAEIYOUE TOOO N0C0OOTO TNG Prolog
000 napaAeiyape otnv ML kat otn Java

* H Prolog sival pua pikpn yA\wooa

« Eniong, gival Eva apkeTa loXupo epPYAAEIO ENAUONG
(kanotlou €idoug) NPOoBANUATWY AAAA O EMIOEELOC XEIPIOUOG
TNG ano ToV NPOYPAUUATIOTA OEV €lval MOAU EUKOAOG

* O emdeclog xelplopog tnG Prolog npounoBETel TNV
ULoBETNON KAl ECOLKEIWON HE LA OLAPOPETLIKN PLAOCOPIa
NPOYPOUUATIONOU
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