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Mepiexopeva

» Evonoinon

* MovTtéAa ekt€Aeong TnG Prolog

- To dl08IKOOTIKO HOVTEAO
- To povtého uhonoinong
- To apnpnuUéEVo HOVTENO

* [epoodtepn Prolog
- KatnyopAuata elgédou Kat eE6d0U

- Katnyopnuata diaxeipiong tng Baong tng Prolog
- ApBunTikoi unoAoylopoi kal cuykpioelg otnv Prolog

* [Napadeiypata npoypappaTiopou og Prolog

* AnoxalpeTiopog otnv Prolog
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AvTikataoTdoelg (Substitutions)

EvoTtroinon

* Mw avrikardoraorn €ival pia cuvaptnon Nou anetkovilel
HETABANTEG 0€ 6pOUG:
c={X—>a,Y>f(a,b)}

- H napandvw avtikatdotaon ¢ avTioTolXel T PeTABANTH X 0TO a
KalLtn Y oto £ (a,b)

* To anoTéAEopa TNG EQAPHOYNG KOG AVTIKATAOTAONG OE

€vav O0po dNUIOUPYEL Eva oTiyuIoTUNo ToU OPOU
- o napadelypa, o(g (X,Y)) =g(a,£(a,b))
- O6pogg(a,f(a,b)) civaltoTypdtuno Tou g (X, Y)
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+ Auo 6pot tng Prolog ¢, Kal &, evorioouvtat €QV UNAPXEL
KAMOoLa QVTIKATAOTAON 6 (0 £vor7oTri¢ TOUG) NOU KAVEL
TOUG OUO OPOUG aKPIBWG TOUG idloug: o(t) = o(L)

- Ou6pol a kal b dev evonolouvTal

- Ot6pol £ (X,b) kat £ (a,Y) evonolouvtal évag evonoinTtig
givato {X > a, Y > b}

- Otopol £ (X,b) katg(Y,b) dev evonolotvtal

- O6pota(X,X,b) kata(b,Y,Y) evonowuvtal évag
gvonoinTAg sivato {X — b, Y — b}

- Otoépota(X,X,b) kata(c,Y,Y) devevonolouvtal

- Ot6pora (X, £f) kata (Y, £) evonolouvtal: évag evonoinTtig
givato {X > 42,Y — 42}
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MoAAaTrAoi evoTroinTég

O o yevikég evoTrointhg (MIE)

* parent (X,Y) Kal parent(fred, Z):
- 'Evag evonontrg eivato 6, ={X — fred, Y — 2}
- AN\OG €vag gival 0 6,={X — fred, Y - mary, Z - mary}
- AMNoOG €vag givat o 6;={X — fred, Y — foo (42), Z - foo (42) }
* H Prolog en\eyel evonointeg 6nwg o ¢, oL onoiot
KaBopilouv akpIBWG TIG aVTIKATACOTACELG Nou €ival
QVAYKQieG yla TNV evonoinon Twv dUo 6pwv

* Me GAAa AOyLa, n Prolog enAEyEL TOV MO YEVIKO
evoronTr Twv duo 6pwv (MGU — Most General Unifier)
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* O 6pog t, gival /7110 yevikog and tov 6po t, eav o t, givat
OTlyoTuUno tou t, aAAG o t, dev gival oTypoTUNO ToU t,

- Mapdadeypa: o 6pog parent (fred, Y) €ival nio yevikog anod Tov
0po parent (fred,mary)

* 'Evag evonointng o, dUo Opwv t, Kat t, givat o 7710 yevikog
gvoriolnTrig €av dev unAapxeL AANOG EVOMOINTIG G, TETOLOG
WOTE 0 OPOG G,(t;) va gival Mo YEVIKOG anod Tov 6po o(t,)

* Mnopei va anodeiyBei OTL 0 MO YEVIKOG EvVONoLNTAG ival
HOVABIKOG (v ayVOAOOUE TA OVOUATA TWV HETARANTWY)
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H Prolog xpnoipoTrolgi evotroinon yia Ta Tavra

‘EAeyyxog eppaviong (Occurs check)

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

* AEoI0 HETABANTWYV
- X=0

* Kataokeun 0e00UEVWV
- X = (11 [213])

Ent\oyr) dedopévwv
- [11213] = -(XIY)
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* M petaBAnTA X Kal £vag 6pog f EvonolouvTal PE TNV
avTtikatdotaon {X — t}:

- X Kadlb gvonowouvtat: o MNIE givat {x — b}
- Xkat £ (a,g (b)) evonolouvtat o INMNE eivat{X — £(a,g (b))}
- Xkat £(a,Y) evonowuvtat o MME eivat {Xx —» £(a,Y)}

» EKTOC gav n uetaPAntr X nepiAaufaveral orov 0po t:

- OitépoLx Kkat £(a,g (X)) dev evonolouvtat: n avTiKatdoTaon
{X > £(a,g (X))} dev eival evonowntng

* Me GAAa AOyLa, TouAdxloTov 0Tn Bewpia, n evonoinon
npénet va gival KaAd BepeAwpévn (well-founded)
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Evotroinon Xxwpig éAeyxo eu@aviong

* H default evonoinon tng Prolog dev neplAapavel EAeyxo
EUPAVIONG

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

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

?2-

* AAAG TO ISO Prolog standard nepthappével Eva
Katnyopnua pe ovopa unify with occurs_check/2
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MovTéAla EKkTéAeong TnG Prolog

Mepioodrepn Prolog
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To 81a0IKaoTIKO povTéAO eKTEAEONG TNG Prolog

* KdaBe katnyopnua ivat pia dtadlkaoia yia tnv anodelEn
OTOXWV
- pP:i-q, r.
* [Na TNV anédelgn Tou 0TOXOU p, NPWTA EVONOINOE TO OTOXO

HE TNV KEQAAR TOU Kavova p, HETA aNOBELEE TO q, KAl LETA
anédelke 10 r

- S.

* [Na v anddeign Tou oTdXOU s, EVONOINOE TO OTOXO E TO s
* H kd&Be npodTaon (yeyovog 1 kavovag) anoTeAEL Eva
OLOQPOPETIKO TPONO anddELENG TOU OTOXOU
* H andédeign pnopei va neptAapBavel KANOeIG o€ GANQ
KATNYOPNUOTO-OLladIKOOIEG
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Mapadciypara
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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OmiocBodpoéunon (Backtracking)

* M neptnAokr): onobodpounon

* H Prolog kpatdel pua Aiota pe 6AoUG Toug duvaTtoug
TPOMNOUG E TOUG OMNoioug MNopEL va tkavonoltnoei
KANOLOG OTOXOG KAl TOUG QOKIMALEL UE TN OEIPA HEXPL VO
LKOVOMNOLAOEL NANPWG TO OTOXO 1N HEXPL VO EEAVTANOEL
OAEG TIG dUVATOTNTEG IKAVOMOINoHG Tou

* 'EoTw 0 0TOX0G p OTO NAPAKATW NPOYPAUUA: O OTOXO0G
IKavonoleitat aAAG pévo pe xprion ontobodpopunong

1 P :- g, r.
2 q :- s.
3 q.
4 r.
MNeploodtepn Prolog 5. s :-0=1. 13

7 epappoleton og Oheg TIg pebemdueveg
| | ouvbiiKeg mpog kavomoinon g mpdToaoNg

AvTiKaTdoTaon

* AAAN L NEPNAOKA: QVTIKATAOTAON HETARANTWY

. Mua KpUUUéVn por'] n7\r]p0(popiaq H qumardgmcn o npom')ma
amd v anddeEn Tov Opov

o,(0y(x (Y)))

| H cbvbeon tov avtikatactdoemy
| EMOTPEPETOL GTOV KAAOVVTQ

H ovtikatdotaon o, = MGU(p (£ (Y) ) 1)

~1 O 6pog mov amodeiydnke ivar o

o 5,(5,(54(1)
A
......................................................... »P(E(Y)) 1= q(Y) ot r(Y) ...
To APYIKOG P [
1 6pOg TPOG N .
om6deiEn t To 1610 (’51) puPaivet kot pe ’TT]V
%, AVTIKOTAOTAGY G, 1] omoia
TPOKVTTEL OO TNV SAOIKOTT0L
andde&ng Tov 61630V G6,(q (Y))
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To povTtéAo uhotroinong: EtriAuon (Resolution)

* To Baoiko BANG oCUMNEPACHIOU

+ Kd&Be kavovag avanaploTtatal he pia Aiota andé 6poug
(kGBe yeyovog avanaplotatal and AMota evog OTolXEIOU)

* KdaBe BApa eniAuong XpnoWonoLei Hia and auTeG TIG
ANoTeg, pa opd, yla va entTuxeL kanola Npoodo oTnv
anodeLgn Uag AMiotag andé 6poug nou givat aToXoL NPogG
anddelEn yla TRV andvtnon 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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Mapddelypa eriAuong

['o v Tapokdto Aiota dpwv Tpog amddelln:
[p(X),s(X)]
KOlL TOV KOVOVaL:
P(£(Y)) :- q(¥), r(Y).
O IITE eivar o {X — £ (¥) }, Kot 670 €nOUEVO Pripor TPOKOTTEL M
MoTa amoTELOVUEVT ATTO TOVG OPOVC:
resolution([p(£(Y)),q(¥),r(Y)], [p(X),s(X)])
= [a(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 digpunvéag 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
else solve(resolution(c, goals))
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MNapadsiypa
Mo pepkn enidvon tov p (X) :
1. p(£(Y)) :- solve ([p(X)])
q(Y),r(Y). 1. solve([q(Y),r(Y)])
2. q(g(2)).
3. g(h(2)). 2. noth!ng
4. r(h(a)). 3. nothing
4. nothing

* H ouvaptnon solve SOKIPALEL TIG TECOEPIG NPOTACELG
N pia peTA TNV GAAN
- Hnpwtn npdétaon tapldlel, Kat n ouvapTnon solve KaAel Tov
€aUTO TNG AVADPOUIKA LE TO ANOTEAECHA TNG dldAuong
- OLAAAeG TPEIG NPOTACELG OeV TALPLACOUV: OL KEQAAEG TOUG DEV
gvonolouvTal He Tov Opo TNG AioTag
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Mapadeiypatog ocuvéxeia

Mua pepikn emidvon tov p (X) , emekTapévn:

1. p(£(Y)) :- solve ([p(X)])
q(y),r(Y). 1. solve([q(Y),r(¥)])
2. g(g(z)). 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 Trapadeiypa oAokKAnpwpévo

H oA emilvon g epomong p (X) :

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

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(e) does not unify with head(goals) then do nothing
else solve(resolution(c, goals, query))

* Tpononotwnuévn ouvapTnon nou dEXETAL wG Oplopa Thv
QPXIKA EpPWTNON KAl EQAPHOLEL OAEG TIG AVTIKATOOTACELG
navw NG

* 2TO TEANOG TNG €NiAUONG, TO ANOJELXOEV OTIYLOTUNO
NEPVIETAL WG OPLOMA OTN OUVAPTNON succeed
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H oA emxilvon e epotong p (X) :

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

* O dlepunvEQG nou POALG idapE gival AEITOUPYIKOG aANG
dev xpnoonoleitat and Tig uAonotoelg TnG Prolog

* 'OAeg ot uhonolioelg tng Prolog np€net pev va
AELITOUPYNOOUV PE TOV TPOMNO NoU HOALG NEPLYPAYAE
OAAG OUVABWG XPNOLONOLOUV EVTEAWG DLAPOPETIKEG
TEXVIKEG UAonoinong: peta@palouv Tov KwOLKa O€
YAWOOoO KANowG agnenUevng HNXaving

* H nwo ouvnBlopévn TE€Tola pnxavi givat n Anpnueévn
Mnxaviy Tou Warren (Warren Abstract Machine)
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To apnpnuévo povtélo: Aévdpa atroddeiEng

* OENoupE va avanapaoTHOOUKE E KAMNOLO TPOMO TN oElpd
TWV AEITOUPYLWYV TNG EKTEAEONG, OUWG XWPIG va
nepLopifeTal N TEXVIKN TNG uAonoinong

* Ta devdpa anddeIENG anoTEAOUV Evav TETOLO YOPHOAIOUO:

- H piCa gival n apxiki epwtnon

- OukopBol Tou 6€vdpou eival Aioteg and époug Npog anddelgn, Kat
KABe KOpBog €xel €va naidi yia KGBe npdTtacn Tou NPoypPAPUATOS
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MNapadsiypa

solve [p (X) 1]

solve [q( ,r(Y)] nothing nothing nothing

nothing solve [r (g (2))] solve [r (h(Z))] nothing

AN

nothing nothing nothing nothing

nothing nothing nothing solve [1]
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AtTAotrOoinon Twv dEvopwyv atrodeIgng

* Ta nadd KABe KOUPOU AVTIOTOLXOUV OTIG NPOTACELG TOU
NPOYPAUUATOG

* Kaln oepd toug givatl idla pe tn ospd EPPAVIONHG TOUG
OTO NPOYypPAUHa

* Mnopoupe va anAonoljooupe To OEVOPO HE TO VO
anaAgiyoupe 6Aoug Toug nothing KOUBOUG

* Ot kOppol auToi avTIoTOoLOUV OE NPOTACELG Ol OroieG deV

gvornolouvTal UE TO NPWTO OTOLXEIO TNG AlOTOG TOU
KOUBoOU natépa
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Mapadeiypa atmrAotroinuévou dévopou atrddeIEng

solve [p (X) ]

|

solve [g(Y),r(Y)]
solve [ (g (2))]

solve [ (h(Z))]

solve []
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2nuaocioAoyia Tng Prolog

* A0BEVTOG €VOC NPOYPAUMATOG KAl HAG EPWTNONG, €va
ovuotnua Prolog npénel va AettoupyAoel e TpOMNo nou
KaBopiletal and pa npwta Katd Babog, aplotepd Npog
Ta 0t Ld dldoylon (depth-first, left-to-right traversal) Tou
OEVOPOU aNOBEENG

* 'Evag tpdénog uhonoinong sivat HEow KAMolou dlEpUnVvEQ
O6nwg auTtog opiletal and Tn ouvapTnon solve

e 2TNV NPAEn ouvAbwg Xpnotonotwouvtatl GAAoL, no
anodoTIKOL, TPOMNOL UAonoinong
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Karnyopnuara ei06dou Kal €§6d50u To karnyépnua assert/1

* H €icodog kat n €€000G 6pwV YIVETAL OXETIKA anAd * [lpooBETEL Eva yeyovog A €vav Kavova 0ThV ECWTEPLKN
Baon dedopevwy NG Prolog (oto T€AOG TNG Bdong)

?- write('Hello world').

Hello world ?- dynamic parent/2.
true. true.

?- read(X) . ?- parent (X,Y).

| : hello (world). false.

X = hello (world).
?- assert(parent(joe,mary)) .

?- true.
* Onoloodnnote 6pog tnG Prolog pnopei va dlapaoTei ?- parent(X,Y).
X = joe
* Yndpxel eniong To Katnyopnua nl/0 To onoio givat Y = mary.
LOOOUVOUO UE TNV KANON write('\n"') -
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To kKatnyépnua retract/1 Ta katnyophuarta listing/0 Kol listing/1
* Anopakpuvel Thv Npwtn npotaon (kavéva ) yeyovog) nou * Tunwvouv Tnv ecwTtepIkn Bdon dedopEvwy tnG Prolog:
evonoleital pe to 6plopd Tou and tn Bdon Twv dedopEvwy - OAn (listing/0) N
2- parent (joe,mary) . - MOVO KAMOLO CUYKEKPLUEVO KATNYOpNnpa (listing/1)
true.
?- dynamic parent/2.
?- retract (parent(joe,mary)) . true.
true.
?- assert (parent(joe,mary)) .
?- parent (joe,mary) . true.
false.
?- listing(parent/2).

:- dynamic parent/2.
* YNApxeL €NioNg Kat To KATNyopnua retractall/1 10

p . . . , parent (joe, mary) .
Oonolo AanoHAaKPUVEL 07\8Q TG NPOTACELG MOU gvonolouvTal

true.

HE TO OpLOpG TOU
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Mn atmroTipnuévol 6pol

* OLTteAeoTEG TNG Prolog enttp€nouv no CUPNUKVWHEVN
yPa®n Twv 6pwv, aAAG oL 6poL dEV ANOTIHWVTAL
* 'OAeg oL NOpaKATW YpaEG givat o idlog 6pog Prolog:

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

* O napandvw 6pog dev evonoleital pe Tov 6po 7
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ATTOoTipnOoNn APIBUNTIKWY EKPPACEWV

?- Xis 1 + 2 * 3.

* To NpPoKaBOPIOHEVO KATNYOPNUO is/2 pnopei va
XPnowonotnBei yia tTnv anoTtipnon evog 6pou nou givat
HLa apLOUNTIKA EKQPAO

* is(X,Y) anoTd Tov 6po Y KAl EVOMNOLEL TOV OPO X HE TO
QNOTEAEOUA TNG ANOTIUNONG

* 2UVABWG xpnowonoleital wg dUadIKOG TEAEOTAG
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H atroTtipnon mmpouUtro0£éTel TINEG. ..

ApIBUNTIKEG EKPPAOEIS KOl CUVAPTAOEIG

?-Y=X+2, X=1.
Y = 142
X =1.

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

?- Y is X + 2, X = 1.
ERROR: is/2: Arguments are not sufficiently instantiated
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* 2g €vav 0po X is Y, 0L UNG-0poL TOU Y NpENEL va gival
QapLlOuOL A AroTILWEVEG OUVAPTIIOEIG

* OLouvapTAOELG QUTEG NEPIAAPBAVOUV TOUG
NPOKOBOPLOUEVOUG OPOUNTIKOUG TEAEOTEG +, —, * KAl /

* 'Onwg Kal NpoKaBOPIOUEVEG APLOUNTIKEG CUVAPTHOELG,
n.X. abs (X), sqrt (X), floor (X), ..
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MpayHaTIKEG KAl AKEPAIEG TIMEG

ERE A AUo apBunTtikoi Tunot:
X = 0.5, OKEPALOL KOl NPAYUATIKOL.

Ol neploodtepeg aplOpnTIKOL
TENEOTEG KOL OUVOPTHOELG
eival unepYopPTWHEVOL YIa
OAOUG TOUG oUVOUAOHOUG
OPLOPATWV.

?- X is 4.0 / 2.0.
X =2.0.

?- X is 5 // 2.
X = 2.

H Prolog €xeL duvaukoug
TUNOUG - oL Tunolt
XPNoonoouvTal Katd To
XPOVO EKTEAEONG YO TNV
eniAuon NG uNEPPOPTWONG.

?- X is 4.0 / 2.
X =2.0.

?-

Mapatnpeiote OpWG OTLO
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ApIBUNTIKEG OUYKPIOEIG

0TOX0G 2 = 2. 0 ANOTUYXAVEL
37

* TeAEOTEG APIOUNTIKNAG OUYKPLONG:

e 2€ O aplOunTIKA ouykplon, n Prolog anotiud kat Ta dUo
OpIiopaTa TOU TEAEOTR KAl CUYKPIVEL TIG TIHEG NOU
NPOKUNTOUV

* Apa Kat Ta dUO opiopaTa NPEMEL VA €XOUV TIUEG YIa OAEG
TIG LETAPBANTEG TOUG
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ApIBUNTIKEG OUYKPIOEIG

?2- 142 < 1*2.
false.

?- 1< 2.0.
true.

?2- 142 >= 1+3.
false.

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

?2-

2UyKpioelg 1I06TnTOG 0TV Prolog

* MEYpPL OTIYUAG EXOUUE XPNOLLONOIACEL TPELG
OLOQPOPETIKOUG TEAEOTEG OUYKPLONG LOOTNTOG:

X is Y anoTiud Tov Opo Y KAl EVOMOLEL TO anoTEAECUA HE TO X
n.X. 3 is 1+2 enituyXavel, oAAG 1+2 is 3 anoTuyxAavel

X = Y gvonolel Toug 6poug X Kal Y, aAAdG dev Toug anoTid
n.X. T600o 0 oTéxX0G 3 = 142 600 KaL 0 1+2 = 3 anotuyxdavouv

X =:= Y anoTid Toug 600 6pouG Kal TOUG OUYKpPIVEL aplBunTIKa
n.X. TO00 0 OTOX0G 3 =:=1+2 KAL 0 1+2 =:= 3 entuyxdavouv
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Mapadciypara

Mapadsiypa: 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). ?- mylength2([a,b,c],X).
X = 0+1+1+1. X = 3.

?- mylengthl (X, 3). ?- mylength2 (X, 3).
. infinite loop ..."C X=1[_, _ 17

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

% Execution aborted

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.

?-
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Mapddelypa: ged Mapddelypa: Xpion Tou Katnyopnuarog ged
ged(X,Y,GCD) :- ——TIpoooyi: Sy1 omia 8= ellisn, 2 )
X =:= Y, X=57
GCD is X. gcd (X, X, X) false.
gcd(X,Y,GCD) :- ?- ged(12,21,X).
X<Y, X=3;
NewY is Y - X, false.
gcd (X,NewY ,GCD) . ?- ged(91,105,X) .
ged(X,Y,GCD) :- X=7:
X >Y, false.
NewX is X - Y, ) 4(o1 2145, 7)
?- gc , /7).
gcd (NewX,Y,GCD) . true ;
false.
?- gecd(91,Y,7).
ERROR: =:=/2: Arguments are not sufficiently instantiated
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Mapadeiypa: factorial

Aiadeugn kai if-then-else otnv Prolog

factorial (X,Fact) :-
X =:=1, Fact is 1.
factorial (X,Fact) :-
X>1,
NewX is X - 1,
factorial (NewX, NF) ,
Fact is X * NF.
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?- factorial(5,F).
F = 120 ;
false.

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

?- factorial (-2,F).
false.
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* O duadikég TEAEOTAG ; /2 uhonolei Tn dlaleugn (or)

* O oplopog Tou ivat:

v;v(x’ _
(L, Y)

- X.
- Y.

* To if-then-else ypdageTal pe xprion daleugng Kat Tou

OuadIKoU TeAEDTN —>/2
* O oplopog Tou eivat:

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

46

Mapddeiypa xpRong dialeuéng kai if-then-else

Mapddeiypa xpong if-then-else

factorial (X,Fact) :-

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

NewX is X - 1,
factorial (NewX, NF) ,
Fact is X * NF.
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factorial (X,Fact) :-
( X =:=1, Fact is 1
; X > 1,
NewX is X - 1,
factorial (NewX, 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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ged(X,Y,GCD) :-
X ==Y,
GCD is X.
gcd(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) .
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ged(X,Y,GCD) :-
(X ==Y ->
GCD is X
; X <Y ->
NewY is Y - X,
gcd (X ,NewY , GCD)

; X > Y ->
NewX is X - Y,
gcd (NewX ,Y,GCD)

A6 TOV TOPOTAVE KOITKO
UTOpOVLLE VO TAPOAEIYOVE
TOV £AEYYO0 TNG GLVONKNG

X > Y (ko1 Quotkd 1o =>)
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2upTrepipopad tou if-then xwpig To else

Mpoooxn: Eva if-then xwpig To else koppaTL Ba anoTuxel
€Av n ouvOnkn tou if dev givat aAndAG

* Av BENOUPE VO OUVEXIOTEL N EKTEAEDT UE TOUG OTOXOUG
peTda To if-then, npEnel va xpnoonoljooupe oTo else
KOUMATL TO KATNyopnua true/0
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AvUo MNMapadeiypata NpoypappaTWY

< 7
Kon <
Sk, ST
5~
g
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MpoBARuara avalATnong Auong

To poBAnua Tou cakidiou (Knapsack problem)

* H Prolog d€ oxedldoTnKe yla NPOYPAUHUATIONO
aPLOUNTIKWY EQAPHOYWY (MPOPaVWG)

* Ta npoBAjuata ota onoia n Prolog deixvel TIG
IKAVOTNTEG TNG €ival NPOBAALATA NOU XPNOLLOMNOLOUV
avalntnon o€ €va Xwpo AUCEWV Kat 6nou

- lMpoadilopifoupe Evav oplopd TNG AUONG HE XPAON AOYIKAG Kal
- Agnvoupue tnVv Prolog va Bpetl autr Tn Auon

* Oa eLeTAOOUNE TIG AUOELG OUO NPORBANUATWY:
- To npépAnua tou cakidiou

- To npéBANua Twv OKTW BACIAIOOWY
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* ETtowddloupe TO 0OKIOO pPaG YIa pa EKOPOUA

e 2Ta VTOUAANIa undpxouv Ta €ENG TPOPUA:

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

* To oakidlo xwpdel NpAyHaTa OUVOAIKOU BApoud 4 Kg.
* [lowa enthoyn npaypdtwy Bapoug < 4 kg. HEYIOTONOLEL TO

nood Twv Bepuidwy;
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O1 atrAnoTteg néBodoi & douAeuouv

Item Weight in kilograms Calories

bread 4 9200

pasta 2 4600
peanut butter 1 6700
baby food 3 6900

* [lpwTta TIG NEPLOCOTEPEG BePidEG: bread = 9200
* [MpwTta Ta no eAagpld: peanut butter + pasta = 11300

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

* Agv undapxel yvwoTtog aAyoplBoG yia TO OUYKEKPIUEVO
nPEOBANUa nou
- Mavta divel Tn BEATIOTN AUON yia TO NPOPANUA, Kat
- Xpelaletal AlyoTtepo and ekBeTIKO XpOVvo yia va Tn Bpel

+ Katd ouvénela, 6 Ba npEnel va vipendUaoTe av
XPNOWonojooupe eEavTANTIKA avalntnon

* To avtiBeto paAoTa, enetdr n avalATnon eivat KATL nou
n Prolog kavel kaAa
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AvatrapdoTaon

* Oa avanapaoTHooupE KABE €id0G paynTou HE Tov 6pOo
food (Name ,Weight,Calories)

* To vtouAdnt Tou Napadeiypatds HOG avanaploTaTal wg
Hla Aiota and TETOLoUG OPOUG:
[food (bread, 4,9200),
food (pasta,2,4500),
food (peanutButter,1,6700),
food (babyFood, 3,6900) ]

* Oa xpnolonoljooupe TNV idla avanapdoTtaocn ya ta
NEPLEXOUEVA TOU OOKIOIOU
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AkoAouBigg kal utTTakoAouBigg

/*
subseqg (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.
L/
subseq([], [1).
subseq([Item | RestX], [Item | RestY]) :-
subseq (RestX, RestY).
subseq (X, [_ | RestY]) :-
subseq (X, RestY).

* M unakoAouBia plag Aiotag gival Eva avtiypag@o tng
Aiotag énou kanola otoleia TNG AioTag £xouv
NAPOAEIPOE( - 0TO NAPABEIYUA HAC TA NEPLEXOUEVA TOU
oakdiou gival pa unakoAouBia Tou vtouAaniou
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Katroia trapadeiypara

?- subseq([1,3],[1,2,3,4]).
true ;
false.
?- subseq(X, [1,2,3]). Iopatnpeiote 611 10 KOTNYSPNUQ
= [1, 2, 3] ; subseq/2 dy1 uovo umopei vo,
= [1, 2] ; eMéyEel kata mooo pia Aioto givol
[1, 3] ; o vaxolovbio kamorag alAng
! ’ alAé umopet emiong va maparydryet
[11 vrarxolovbicg, tic omoieg kou Oo

KX X X X X XX

[2, 3] ; XPNOYLOTOUGOVUE VLo, TH ADGH TOD
[2]1 ; TPOPANUATOS TOV COKLOLOD.
= [3] ;
=[] 7
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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BondnTikd karnyopiuaTa

/*
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 katnydépnpa calories/2 €ival avTioToLXO.)
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Na va do0pe TTOU BPIOKOMAOTE...

?- knapsackDecision (

| [food (bread, 4,9200),

| food (pasta,2,4500),

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

I 4,

| 10000,

| X) .

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

?-

* H napanavw kARon ano@aacidel edv undpxeL Auon Nou va
LKOVOMOLEL TO OTOXO TwV EAAXIOTWV Beppidwy (10000)

* 'Oxt SpwG unoXPEWTIKA Tn Auon nou ¢NTAWE EWEIG...

MeploodTtepn Prolog 60




Atro@acioigoTnTa Kal BEATIOTOTTOINON

To karnyépnua £indall/3

* MEXpL OTIYUNG AUCQUE TO r100LANUa TS anogaorng Yo
TO NPOBANUa Tou caKkldiou

* AuTO nou BENoupEe va AUCOULE €ival TO 7p0LANua 116
BeAtioTornoinong NG AUONG TOU CUYKEKPIUEVOU
NPOBAAMATOG

* [0 va To enTUXouUE, Ba XPNOLLONOIOOUUE EVa AANO
NPOKABOPLOPEVO KaTnyopnua tng Prolog: £indall/3
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* findall (X, Goal, L)
- Bpiokel 6Aoug Toug TPONOUG PE TOUG 0MNOIOUG 0 OTOXOG Goal
IKavonoleitat

- a tov kKaBéva and auTtoug, EQappolel oTov OPO X TNV idla
AVTIKATAOTOON UE TNV onoia o otdxog Goal Lkavonouonke

- Evonolei tn Aiota L pe tn AioTta OAwv autwy Twyv X

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

?-

* Yndapxouv T€00ePIG AUOELG Yia TO subseq(_, [1,2])

* 2UN\EGOUE pa Aiota and 42, €va yla kaBe Auon
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2UAAOYH TWV ATTAVTAOEWYV TToU BéAoupue

* 2UVABwG, n NpwTtn NAPAPETPOG Tou £indall/3 cival
€vag 0pOoG HE TIG LETAPBANTEG NOU UNAPXOUV OTO OTOXO
npog enikucn

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

?-

* H napandvw £pwtnon CUAEYEL OAEG TIC ANAVTHOELG TNG
€PWTNONG-O0TOXOU 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).

Mepioadrepn Prolog 64




/*
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.

7//

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 i610 ue ypnon
NSofar = Sofar, NMC = MC if-then-else
),
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) 1,
| 4,
| Knapsack) .

Knapsack = [food(peanutButter,1,6700),
food (babyFood, 3,6900) ]
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To TpoBAnUa Twv oKTw BaciAicowyv (8-queens)

AvatrapdaoTaon

+ Kdnoleg NnANPoQYOopPIES yla TO OKAKL:
- Mailetal o’ éva TeTpaywvo 8x8
- M Bacihilooa pnopei va KivnBei oplldvtia, kKGbeta A daywvia
yla 6ca TeTpdywva BeAfoEL
- AuUo Bacihlooeg anel\ouv n pia Tnv GAAN €av eival otnyv dla
YPOUUA, OTAAN A dlaywvio (Kat N pia pnopei va kivnBei dpeca oto
TETPAYWVO TNG GAANG)
* To npopAnua: Bpeg €va Tpodno va
TONoBETNOOUV OKTW PBACIAIOCEG
O€ IO KEVA OKAKLEPA €TOL WOTE
Kapia BaciAlooa va pnv

anelleital anod KAanowa aAAn
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* Oa HUNnopoUCaLE VO avanapaoTAOOUKE Tn BaciAlooa oTn
OTNAN 2, oelpd 5 pe tov 6po queen (2, 5)

* AANAG a@ou dev undpyxouv AAAO KOPUATIO 0T OKAKIEPO—
n.x. 0 Ba £Xoupe KAMoo pawn (X, Y) A king (X, Y)—6a
XPNOWOoNojooupe anAwg Evav 6po TNG LOPPNG X/Y

* (Ag Ba TOV ANOTIWACOUKE WG dlaipeon)
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MNapadeiypa

* 'Evag oxnpatiopndg oKaklEPAG gival pia Aiota ano
BaoiAlooeg

* O nopakdatw eival ya T Bacidilooeg [2/5,3/7,6/1]

8
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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 ([], _).

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]1),
nocheck (Rest, X/Y). 72




Emdpkeia

AUon yia TIG OKTW BaciAlooEg

* 'Exoupe AdN apkeTd ouoTaTikd yia va AUCOUE TO
NPOBANMA: N epwTnNOoN legal (X) PBpiokel GAOUG TOUG
ENTPENTOUG OXNHATIOMOUG:

?- legal (X) .
X =[]
X = [1/1] ;
X = [1/2]
X = [1/3]
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* QuoiKd, n napandvw «Auon» Ba NndpetL NOAU xpovo: Ba

apxioel e To va Bpel OAeG TIG 64 AUOELG e pa Bacihlooa,
KAl LETA Ba apxioel pe OAEG TIG AUOELG e OUO, KOK.

* Mnopoupe va «ekPldooupe» pia Auon pe 8 BaciAlooeg pe

TNV €PWTNON:
?_x=[IIIIIII]I

| legal(X).

Q

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

N W A O O N ®
le]

Meploodtepn Prolog 74

Y1rdapxel duvatoTtnta yia BeATiwon;

BeATiwon Tou TTPpOYyPAMMATOG

* H eupeon ™G Auong pe autdv Tov TPONO Naipvel NOAU
XpoOvo

* 2Tn OUVEXELQ, n Prolog Bpiokel anAEG avadlaTAagelg TnG
npPwTNG AUONG:

- X=1_r_v_r_r_r_r_r_1, legal(X).

X = [8/4, 7/2, 6/7, 5/3, 4/6, 3/8, 2/5, 1/1]
X = [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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+ [popavwg kaBe Auon €xel pia BaciAlooa og KABE OTHAN
* Apa, KGBe AUON pnopei va ypagel ue Th HOP®:
X=1[1/_,2/_,3/_,4/_,5/_,6/_,7/_,8/_]
* Aivovtag €vav 6po auTAG TNG HOPYNG nePLopiloupEe TNV
avalntnon, ENTaxuvovTtAag Thnv, Kal ano@eUuyoupe TNV
eupeon anAwv avadlaTAgewyv

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

*/

eightqueens (X) :-

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

* Enedn EEpoupe OTL OAEG OL X-OUVTETAYHEVEG €ival EVTOG
TOU JLOOTHMATOG KAl OLAPOPETIKEG HETAEU TOUG, TO

NEOYPOUHO UNOPEL AtlyaKL va BEATIWOEI
nocheck ([]1, ).
nocheck ([X1/Y1l | 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 oto TTpoBAnua

* To npoypappa TwPa TPEXEL APKETA NLO ypryopa

* [ napadelypa, O Bpiokel NAEOV OAEG TIG AvadIATALELG

?- eightqueens (X) .

X =[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 mreipapa

legal([]) .

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

* To napandvw Katnyopnua 6 dOUAEUEL
* Evyeipel e€aipeon: “arguments not sufficiently instantiated”

* H KARON TOU KOTNYOPnUATOG member/2 OV €ival ANAWG
KAMNOLOG EAEyxo¢ OTL OL OUVTETAYHEVEG €ival EVTOG opiwv
aAAQ gival napaywyr) TwWV CUVTETAYUEVWV
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AAAo 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

* Evyeipel etaipeon: “arguments not sufficiently instantiated”

* HKAARON legal (Rest) NpENEL va nponyeital doTl
NAPAYEL TNV HEPLKI AUCT NMou XpelddeTal N avadpOIKN
KAOn ToU nocheck
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EUpeon piag pévo Auong

* Av B€Aape va Bpoupe pia pévo Auon Tou NPoRARHATOG
Ba pnopoUoape va XPNOILONOoI)OoUE 0nolodrnnoTe and
TOUG OUO NAPOKATW OPLOHOUG TOU OXETIKOU

KATNYOPAUATOG

[/ [/
eightqueensl (X) finds
one solution to the
eight queens problem.
= Y/
eightqueensl (X) :- eightqueensl (X) :-
once (eightqueens (X)) . eightqueens (X) ,
1

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

* To npokaBoplopévo katnyoépnua ! /0 (daBaletal cut)
XPNOoonoLeiTal yia va neplopioel Tnv onioBodpopnon

* H eKTEAEON TOU NAVTA ENTUYXAVEL KAl «KAADEUELY:

- 'ONoUG TOUG EVOAANOKTIKOUG TPOMOUG IKAVOMNOinonG Twv
UNOOTOXWV NOU MBavwg va undapxouv HETAEU TNG KEYAAAG
€VOG KavOva Kal Tou onpeiou nou 1o ! epgavidetal otov

Kavova, Kal

- 'ONouG TouG KavOVEG TOU {BlOU KOTNYOPAUATOG NOU HNOPE(
va €novTtal Tou Kavova nou NePLEXEL TO !

* H xpron tou np€net va yivetal He @edw Kal uotepa and
OPKETN OKEYN
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Mapddeiypa: OTIocB80dpOuNON XWPIig Kal JE cut

Mépn Tng Prolog 1Tou dev egeTdoape

p(X,Y) :- ?- p(X,Y). p(X,Y) :- |?- p(X,Y).
x(X), — x(X) , -
y. (¥I27 ', xXI1.

p(le) B ’ Y(Y)- !
z(X,Y). X=1 pX,Y) :- |[x=1

p(4,d). Y =Db ; z(X,¥Y). |Y=0Db ;

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

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

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

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

z(3,c). X = 3 y(b) .

Y=c ; z(3,c).
X =4

Y=4d ;

false.

* Tn duvaTtdTnTa OPLOUOU VEWV TEAECTWV

* To XEIPIOUO EEAIPECEWV
- EZaip€oelg nou eyeipovtal and to cUOTHUA Kal and To XPARoTn
- Ta OXETIKA KOTNYOPrHOTA throw Kal catch

* TG BIBA0OBAKEG Kal NOAAG anod Ta NPoKaBoplopEVa
KAaTnyopnuata tTng YAwooag
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ATToXaIpETIONOG OTNV Prolog

* Ag xpeldotnke va napaAeiyoupe 1600 nocootd NG Prolog
600 napaAciyape otnv ML kat otn Java

* H Prolog €ival pia pikpr; yAwooa

» Eniong, eival Eva apkeTd 1oxupo epyalieio eniluong
(kanotou €idoug) NPoBANUATWY OAAG 0 ENOEELOG XELPLOUOG
NG anod ToV NPOYPAUMATIOTH dEV €ival NOAU EUKOAOG

* O end€glog xeplopds tng Prolog npolnobEtel Tnv
ULOBETNON KAl EEOLKEIWON UE Hia dLAPOPETIKA PLAOTOPIa
NPOYPAUUATIONOU
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