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- To apnpnuévo POVTENO

* [epioodtepn Prolog
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- Katnyoprpata diaxeipiong tng Baong tng Prolog
- ApBpNTIKOi UNOAOYIOHOI KaL CUYKPIOEIG oTNV Prolog

* [Nlapadeiypata npoypappaTiopou og Prolog

*  Anoxalpetiopog otnv Prolog
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AvTikataoTdoelg (Substitutions)

Evotroinon

 Mw avrikardgoraon €ival la cuvapTnon Nou anewkovilel
HETABANTEG o€ GpOUG:
c={X—>a,Y>f(a,b)}

- H napandvw avTikatdoTtaon ¢ avTIOTOLXEL TN HETAPBANTA X OTO a
KaLtn Y oto £ (a,b)

* To anoTéAEoUa TNG EQAPHOYNG HIAG AVTIKATAOTAONG O€

€vav 0po dNUIOUPYEL Eva oTiyuoTUno Tou 6pou
- Noa napddelypa, o(g (X,Y)) =g(a,£(a,b))
- O6pogg(a,f(a,b)) civalotypdTUno Tou g (X, Y)
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+ Auo 6pot tng Prolog ¢, Kal &, evoriolouvTtal €QV UNAPXEL
KAMOLa QVTIKATAOTAON 6 (O £vor70Tri¢ TOUG) NOU KAVEL
TOUG OUO OPOUG aKPIBWG TOUG idBloug: o(t) = o(L)

- Oi6pot a kat b dev evonolouvtal

- Oi6pol £ (X,b) kat £ (a,Y) evonowlvtal évag evonoinTng
givato {X > a, Y > b}

- Ouopol £ (X,b) katg (Y ,b) dev evonowouvtat

- O6pota(X,X,b) kata(b,Y,Y) evonowulvTat: évag
gvonointrg eivato {X - b, Y — b}

- Ouépora(X,X,b) kata(c,Y,Y) dev evonololvtal

- O6pota (X, £f) kata (Y, £) evonowlvtal: évag evonointng
givato {X > 42, Y — 42}
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MoAAaTrAoi evoTroinTég

O o yevikég evoTrointhg (MIE)

* parent (X,Y) KalL parent(fred, Z):
- 'Evag evonownTng givato 6, ={X — fred, Y — 2z}
- AN\OG €vag gival 0 6,={X — fred, Y > mary, Z — mary}
- AMNOG €vag eivat o 6;={X — fred, Y —» foo (42), Z - foo (42) }
* H Prolog eniAgyel evonointeg 6nwg o o, oL onoiot
KaBopilouv akpBwWG TIG AVTIKATACTACELG NoU €ival
QVOYKQieG yla TNV gvonoinon Twv dUo 6pwv

* Me GAAa AOy1a, n Prolog enAEyEL TOV MO YEVIKO
evonolntr Twv duo 6pwv (MGU — Most General Unifier)
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* O 6pog t, givatl /7110 yevikog and tov 6po t, eav o t, givat
OTlypioTUno tou t; aAAd o t, dev gival oTypoTUno Tou t,

- Mapdadeypa: o 6pog parent (fred,Y) €ival nio yeVIKOG anod Tov
Opo parent (fred,mary)

+ 'Evag evonointng o, dUo 6pwv t, Kat t, ival o 7710 yevikog
gvoriolnTrig €av dev uNAPXeL AANOG EVOMOINTIG G, TETOLOG
WOTE 0 OPOG G,(t;) va gival Mo YEVIKOG and Tov 0po o,(t)

* Mnopei va anodeixBei 6TL 0 NLo YEVIKOG EVONOINTAG €ival
HOVABIKOG (v ayVOAOOUE TA OVOUATA TWV HETABANTWY)
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H Prolog xpnoipoTtrolgi evotroinon yia Ta ravra

‘EAeyyxog epaviong (Occurs check)

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

* A€o0 pETABANTWYV
-X=0

+ Kataokeun dedopEVWV
- X = (1r [213])

Ent\oyr) dedopévwv
- [11213] = ‘(XIY)
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* M petaBAnTA X Kal €vag 6poG f EvornolouvTal JE TNV
avTikatdotaon {X — t}:

- X kalb gvonolouvtat: o MNIE givat {x - b}
- Xkat £ (a,g (b)) evonolouvtal o INMNE eivat {X — £ (a,g (b))}
- Xkat £(a,Y) evonowuvtat: o MIE givat {Xx > £(a,Y)}

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

- OiépoLx Kat £(a,g (X)) dev evonolouvTal: N AvVTIKOTAOTAON
{X —> £(a,g (X))} dev gival evonointng

* Me GAAa AOyla, TOUAdXLIoTOV 0T Bewplia, n evonoinon
npénet va gival KaAd BepeAwpévn (well-founded)
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Evotroinon Xxwpig €Aeyxo ep@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].

?-

* AM\G 0 ISO Prolog standard nepihappével €va
Katnyopnua pe ovopa unify with occurs check/2
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MovTéAa EKTéAeong TnG Prolog

Mepioadrepn Prolog
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To d10d1KaoTIKO povTéEAO EKTEAEONG TNG Prolog

* KdabBe katnyopnua ivat pa dtadlkaoia yia tnv anodeign
OTOXWV
- P -q, r.
* [N TNV anédelgn Tou 0TOXOU p, NPWTA EVONOINOE TO OTOXO

HE TNV KEQAAR TOu Kavova p, HETA anodELEE TO q, KAl HETA
anédeige 0 r

- S.

* [Na v anddegn Tou oTdX0U s, EVONOINCE TO OTOXO UE TO s
* H k&Be npodTaon (yeyovog 1 Kavévag) anoTeAEL Eva
OLOQPOPETIKO TPONO anddEENG TOU OTOXOU
* H anddeign pnopei va neptAapBavel KANOEIG o€ GANQ
KATNYOPAHOTA-OladIKACIES
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Mapadeiypara

+ davtaoTteite Ta Katnyopnuata tng Prolog oav
OUVOPTAOELG O€ €va NPOCTAKTIKO NPOYPAUUA:

P :- g, r. boolean p() {return gq() && r();}
q :- 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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Otmioc0odpdunon (Backtracking)

* M nepinAokn: onicbodpdéunon

* H Prolog kpatdel pia Aiota pe 6Aoug Toug duvaTtoug
TPOMOUG HE TOUG OMNOIioUG MNOPEL Va tkavorotnoei
KAMOLOG 0TOXO0G KAl TOUG BOKIUALEL PUE TN OEpd HEXPL VA
LKAVOMNOLAOEL NANPWG TO OTOXO N HEXPL VO EEAVTANOEL
OAEG TIG dUVATOTNTEG IKAVOMOINOAG Tou

* 'EoTw 0 0TOXOG p OTO NAPAKATW NPOYPAUHA: O OTOXOG
IKavornoleitat aAAG povo pe xprion ontobodpdunong

1 P :-qgq, r.
2. q :- s.
3 q.
4 r.
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7 epapuoletar o Oheg TIg pebemdueveg
| | ouvbnkeg mpog kavomoinon g mpdTooNg

AvTiKaTdoTaon

* AAAN Qa NEPINAOKNR: avTIKATAOTAON HETABANTWYV

+ M KpUPPEVN POr NANPOYOPIag H qumardgswcm Oy npom')ma
amd TV anddEEn Tov 6pov

c,(04(x (Y)))

| H cbvbeon tov avtikotactdoeny
| EMOTPEPETOL GTOV KOAOVVTQ

H avtikatdotaon o, = MGU(p (£ (Y) ) ,t)

~1 O 6pog mov amodeiydnke ivar o

.................................................................................................................................. 63 (62 (Gl(t)))

E
....................................................... > P(E£(Y)) 1=, q(Y) o r(Y) .7
o apyIKOC P e
| opoc mpoc S : .
om6dEiEn t To 1510 c?u puPaivet kot pe ’rnv
| AVTIKOTAGTAGT G, 1] omoial
TPOKLITEL O TNV SladIKoGio
amddegng Tov 6ToY0L G4(q (Y))
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To povTtéAo uAotroinong: EmriAuon (Resolution)

* To Baoko BANA CUMNEPACHOU

+ Kd&Be kavovag avanaplotatal Pe pa Aiota andé 6poug
(kGBe yeyovog avanaplotatal and AMota evog OTolXEioU)

* Kdabe BApa eniAuong XpnoLLONOoLEL U and AUuTEG TIG
AloTeg, pa @opd, yia va enttuxel kanowa npéodo otnv
anddelEn Lag Aiotag andé 6poug nou ival otdxolL Npog
anddelEn yla TNV 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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Mapddeiypa etTriAuong

[No v Topakdto AMota dpwv Tpog amddeen:
[p(X),s(X)]
Kot Tov Kavova:
P(£(Y)) :- q(¥), r(Y).
O IITE eivar o {X — £ (¥) }, Kot 670 €X0UEVO Pripor TPOKOTTEL M
MoTa amoTeEAOVUEVT OTtO TOVG OPOVC:
resolution([p(£(Y)),q(¥),r(Y)], [p(X),s(X)])
= [q(Y) ,x(Y),s(£(Y))]

function resolution(clause, goals):
let sub = the MGU of head(clause) and head(goals)
return sub(body(clause) concatenated with tail(goals))
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‘Evag 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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Mapadsiypa
Mia 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(z)). 2. noth!ng
4. r(h(a)). 3. nothing
4. nothing

* H ouvaptnon solve OOKIPALEL TIG TECOEPLG NPOTACELG
TN pia HeTA TNV GAAN
- H npwtn npdtaon tapldlel, Kat n cuvapTnon solve KAAEl Tov
€AUTO TNG AVADPOUIKA LE TO ANOTEAECHA TNG dLAAUCNG
- OLGAAEG TPEIG NPOTACELG OeV TALPLACOUV: OL KEQAAEG TOUG OEV
€vVOonolouvTal e TOV 0p0 TNG AioTag
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Mapadeiyparog ocuvéxeia

Mo pepikn enidvon 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 oAokKAnpwuévo

H oA enilvon g epodmong 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 AVTIKATOOTAOEWYV

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 cuvapTnon Nou dEXETAL WG OPLOUA TNV
QPXIKA EpPWTNON KAl EQAPHOLEL OAEG TIG AVTIKATOOTACELG
navw NG

* 2TO TEAOG TNG €NIAUONG, TO ANOdELKBEY OTIYOTUNO
NEPVIETAL WG OPLOUA OTN OUVAPTNON succeed
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H oA erxilvon g epotong p (X) :

1. p(£(Y)) :- solve([p(X)],p(X))
q(Y),r(Y). 1. solve([g(Y),x(Y)],p(£(Y)))
2. ql(g(2)). 1. nothing
3. g(h(z)). 2. solve([r(g(Z2))],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 NMou POALG €idapE gival AEITOUPYIKOG OANG
dev xpnotwonoleital and TIg uAonolRoelg tng Prolog

* 'OAeg ot uhonoljoelg tng Prolog npénet pev va
AELITOUPYOOUV PE TOV TPOMNO NOU HOALG NEPLYPAYAE
aAAG OUVABWG XPNOLHONOLOUV EVTEAWG OLAPOPETIKEG
TEXVIKEG uAonoinong: petTa@pAlouv Tov KwOLKa O€
yAWOoa KANowag apnenUevng HNXavig

* H nwo ouvnBlopévn T€Tola pnxavi givat n Anpnuévn
Mnxaviy Tou Warren (Warren Abstract Machine)
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To apnpnuévo povTéAo: Aévopa atrddeIgng

* OEAoUPE va avanapaoTOOUKE E KAMNOLO TPOMO TN oElpd
TWV AEITOUPYLWYV TNG EKTEAEONG, OUWG XWPIC va
nePLOPIZETAL N TEXVIKI TNG UAonoinong

* Ta devdpa anddEIENG anoTEAOUV Evav TETOLO POPHOALOUO:

- H piCa gival n apxkn epwtnon

- OukopPot Tou d€vdpou eival Aioteg and 6poug Npog anddeLgn, Kat
KGBe KOpBog €xel €va naidi yia KGBe npdTacn TOU NPoypPAUUATOC
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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 3évopwyv atrodeIgng

* Ta nadd KABe KOUPOU AVTIOTOLXOUV OTIG NPOTACELG TOU
NPOYPAUUATOG

* Kaln ogpd toug givatl idla pe tn ospd EPPAVICHG TOUG
OoTOo NPOYPAUHa

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

* Ot képpol autoi avTioToloUV O NPOTACELG OL OrNoieG deV

€vonolouvTal UE TO NPWTO OTOLXEIO TNG AlOTOG TOU
KOUBou natépa
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Mapddeiypa amrAotroinuévou dEvopou atrodeIgng

solve [p (X) ]

|

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

solve [ (h(Z))]

solve []
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2nuaocioAoyia Tng Prolog

* A0BEVTOG €VOG NPOYPAUMATOG KAl UAG EPWTNONG, €va
ouothua Prolog npénel va AettoupyAoeL e TPOMO nou
KaBopiletal and pa npwta Katd Babog, aplotepd Npog
Ta detLd dldoyon (depth-first, left-to-right traversal) Tou
OEVOPOU aNBdEENG

* 'Evag tpdénog uhonoinong ivat LEow KAMolou dlEPUNVEQ
Onwg auTtog opidetal and Tn ouvapTnon solve

e 2TNV NPAgn ouvRbwg Xpnotponotouvtatl AAAoL, no
anodoTIKOL, TPpONoL uAonoinong
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Karnyopiuara eic06d0ou Kal £§600u To Katnyépnua assert/1

* H €icodog kal n €€000G OpwV YIVETAL OXETIKA anAd * [1pooBETEL Eva yeyovog R €vav Kavova 0ThV ECWTEPIKN
Baon dedopevwy TG Prolog (0to TEAOG TNG BAoNG)

?- 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.
* Onotwoodnnote 6pog tnG Prolog pnopei va dlapaocTel ?- parent(X,Y).
X = joe
* Yndapxel €niong To Katnydépnua nl/0 To onoio givat Y = mary.
LOOQUVAMO UE TNV KAAON write('\n') o
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To katnyoépnua retract/1 Ta karnyopnuarta listing/0 Kal listing/1
* Anopakpuvel Tnv NpwTtn npotaocn (kavova rl yeyovog) nou * Tunwvouv Tnv ecwTtepIkn Bdon dedopevwy tnG Prolog:
evonoleital pe To 6plopd Tou and tn Bdaon Twv deOUEVWY - OMn (listing/0) A
?- parent (joe,mary) . - MOVO KAMNOLO0 CUYKEKPIUEVO KATNYOPNUa (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

, . , , , parent (joe, mary) .
Oonolo anopaKPuUVeEL O7\8Q TIG NPOTACELC NMOU gvornolouvTal

true.

HE TO OpLOpG TOU
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Mn atroTignuévol 6pol

* OLTteNeoTEG TNG Prolog enttp€nouv no CURNUKVWHEVN
YPa® Twv 6pwv, aAAG oL 6pol dEV ANOTIHWVTAL
* 'OAeg oL NapaKkATw YpagEG givat o idlog 6pog Prolog:

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

* O napandvw 6pog Oev evonoleital e TOV 6po 7
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ATTOTiuNON APIOUNTIKWYV EKPPACEWYV

?- X is 1 + 2 * 3.

* To NPOKOBOPIOUEVO KATNYOPNUO is/2 punopei va
XpnowonotnBel yua tTnv anoTtipnon evog 6pou nou givat
HLa apOUNTIKA EKQPAO

* is(X,Y) anoTid Tov 6po Y Kal EVONOLEL TOV OPO X E TO
QNOTEAECUA TNG ANOTIUNONG

* 2UVABWG xpnowonoleitat wg dUAdIKOG TEAEOTAG
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H atroTtipnon mpoUtro0£éTel TIMEG. ..

ApIBUNTIKEG EKPPAOEIG KOI CUVAPTHOEIG

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

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

?-Yis X + 2, X =1.
ERROR: is/2: Arguments are not sufficiently instantiated
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* 2€€vav Opo X is Y, oL uno-6pot Tou Y NpENEL va gival
QpLOUOL A AroTILWEVEG OUVAPTIIOEIG

* OLOouvapTAOELG QUTEG NEPINAPBAVOUV TOUG
NPOKOBOPLOUEVOUG OPOUNTIKOUG TEAEOTEG +, —, * KAl /

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

SR AUo aplBunTikoi Tunot:
X = 0.5, OKEPALOL KAL NPAYUATIKOL.

Ol neploodtepeg aplOpNTIKOL
?- X is 4.0 / 2.0. TEAEOTEG KAl OUVOPTAOELG
= A eival uUNEPPOPTWHEVOL VIO
OAOUG TOUG OUVOUQOHOUG

?- X is 5 // 2. OPLOUATWV.

X = 2.
H Prolog €xet duvaptkoug
TUNouG - oL TUnol
XPNOWOoNolouvTalL Kata To
XPOVO EKTEAEONG YIO TNV
€eniluon NG UNEPYOPTWONG.

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

?-

Mapatnpeiote OpwG OTLO
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ApIBUNTIKEG OUYKPIOEIG

OTOX0G 2 = 2.0 anOTUYXAVEL.
37

* TeAEOTEG APIOUNTIKNG OUYKPLONG:

s 2€ MO aplOunTIK oUuykplon, n Prolog anoTid kat ta dUo
oplopaTa TOU TEAEOTA KAl CUYKPIVEL TIG TIHEG NOU
NPOKUNTOUV

* Apa Katl Ta dUO opiopaTa NPENEL VA €XOUV TIUEG YIa OAEG
TIG LETAPBANTEG TOUG
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ApIBUNTIKEG CUYKPIOEIG

?- 142 < 1*2.
false.

?- 1< 2.0.
true.

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

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

?-
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2UyKpioeig 1I06TnTOG 0TV Prolog

* MEypL OTIYUAG EXOULE XPNOLUONOIAOEL TPELG
OLOQOPETIKOUG TEAEOTEG OUYKPLONG LOOTNTOG:
X is Y anoTud Tov Opo Y KAl EVOMOLEl TO ANOTEAECUA HE TO X
n.X. 3 is 1+2 entuyxAavel, oANG 1+2 is 3 anoTuyxAvel

X = Y gvonolei Toug 6poug X Kal Y, aAAd dev TOUuG anoTid
n.X. T000 0 0TOX0G 3 = 1+2 G00 Kal 0 142 = 3 anotuyxdavouv

X =:= Y anoTiud Toug 600 6pouG Kal TOUG OUYKPIVEL aplBunTIKG
n.X. T600 0 0TOX0G 3 =:=1+2 KaL 0 142 =:= 3 gntuyxavouv
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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).
X = 0+1+1+1.
?- mylengthl (X, 3).

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

% Execution aborted

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

?- mylength2 (X, 3).
X=10[_, _, 1.

. infinite loop ...

sum([], 0).

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

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

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

?-
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Mapddeiypa: ged Mapddeiypa: XpRon Tou Katnyopnuarog ged
ged(X,Y,GCD) :- ——TIpoooyi: Sy omia 8 s 2 00
X ==Y, X=57
GCD is X. ng(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) . ?- gecd(91,105,X) .
ged(X,Y,GCD) :- X =17 ;
X >Y, false.
NewX is X - Y, (o1 21%5,7)
?- gc ; 7 1) o
gcd (NewX,Y,GCD) . true ;
false.
?- gcd(91,Y,7).
ERROR: =:=/2: Arguments are not sufficiently instantiated
MNeploodtepn Prolog 43 MNeploodtepn Prolog 44




Mapadeiypa: factorial

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

X =:= 1, Fact is 1. ga:sizo ‘
factorial (X,Fact) :- ’

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

NewX is X - 1, F = 3628800 ;

factorial (NewX, NF), false.

Fact is X * NF.
?- factorial(-2,F).
false.
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Aiadeuén kai if-then-else otnv Prolog

* O duadikdG TEAEOTAG ; /2 uhonolei Tn dlaleugn (or)
* O oplopog Tou ivat:

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

+ To if-then-else ypdageTal pe xprion dlaleugng Kat Tou
OuadIKOU TEAEOTH ->/2

* O oplopoég Tou eivat:

(Cond -> Then ; ) :- Cond, Then.
(Cond -> _ ; Else) :- \+ Cond, Else.
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Mapddeiypa xpRong dialeuing 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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Mapddeiypa xpRong if-then-else

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

X ==Y, (X ==Y —>

GCD is X. GCD is X
ged(X,Y,GCD) :- P ; X <Y ->

X<Y, NewY is Y - X,

NewY is Y - X, gcd (X ,NewY, GCD)

gcd (X ,NewY ,GCD) . ; X >Y ->
ged(X,Y,GCD) :- NewX is X - Y,

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

NewX is X - Y, ).

gcd (NewX,Y,GCD) .

A6 TOV TOPOTAVED KOITKO
UTOpOVUE VO TAPOAEIYOLLE
TOV £AEYYO TNG GLVONKNG

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

Mpoooxn: 'Eva if-then xwpig To else KoppdTL Ba anoTuxel
€dv n ouvlnkn tou if dev gival aAndAG

* Av BENOUPE va OUVEXIOTEL N EKTEAECT UE TOUG OTOXOUG
peTa To if-then, npénel va xpnoponoljooupe oTo else
KOMUMATL TO KATNyopnua true/0
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Avo MNapadeiypata MNpoypapuaTWYV

< 7
Kon <
Sk, ST
~
g
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MpoBARuata avalaTnong Auong

To poBAnua Tou cakidiou (Knapsack problem)

* H Prolog 8¢ oxedldoTnKe yia NPOypPaUHATIONO
OPLOUNTIKWY EQAPHOYWY (MPOPAVWG)

* Ta npoBAjuata ota onoia n Prolog deixvel TIG
IKAVOTNTEG TNG €ival NPOBAALOTA NOU XPNOONOLOUV
avalntnon o€ €va Xwpo AUCEWVY Kat énou

- Mpoadiopifoupe €vav oplopd TNG AUONG HE XPHOoN AOYIKAG Kal
- Agnvoupe tnv Prolog va Bpel auth Tn AUon

* Oa €€eTAOOUPE TIG AUOELG dUO NPOLBANUATWV:
- To np6éBAnua tou cakidiou

- To npoBANua Twv OKTW BacAloowV

Meploodtepn Prolog b1

* ETtowddoupe TO 0OKIOO HaG yia pa eKOPOUA

* 2Ta VTOUAdNIa undapxouv Ta €ENG TPOPLUQ:

Item Weight in kilograms Calories
bread 4 9200
pasta 2 4800
peanut butter 1 6700
baby food 3 6600

* To oakidlo Xwpdsl NpAaypata cuVoAlkou Bapoug 4 kg.
* [lowa enthoyn npaypdtwyv Bapoug < 4 kg. HEYIOTONOLEL TO
noco Twv Bepuidwy;
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O1 atrAnoTteg nEBodol e douAelouv

Item Weight in kilograms Calories

bread 4 9200

pasta 2 4800
peanut butter 1 6700
baby food 3 6600

* [lpwTa TIG NEPLOCOTEPEG BePideG: bread = 9200

* [MpwTta ta no eAa@pld: peanut butter + pasta = 11500

» Bdoel Tou Adyou Beppidec/Bapog: idlo pe To napandvw

* (H BéATIOTN enhoyr): peanut butter + baby food = 13300)
* (KAaook6 npopAnpa dynamic programming = algo, 70)
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AvalATtnon

* Agv UNApYXEL YVWOTOG AAYOPIOUOG VIO TO CUYKEKPIUEVO
nPEOBANUQ nou
- Mavta divel Tn BEATIOTN AUON yia TO NPOPANUA, Kal

- Xpelaletal AlyoTtepo and ekBeTIKO XpOVo yia va Tn Bpel
(ouvapTtroel Tou NARBOUG TWV TPOYPIHWV)

+ Katd ouvénela, o€ Ba npEnetL va vIPENOUAOTE AV
XPNOWWONOooUpE EEAVTANTLIKI avalntnon

* To avtiBeTto paAloTa, enetdr n avalhTtnon eival KATL nou
n Prolog kavel kaAa
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AvatrapdaoTaon

* Oa avanapaoTooupEe KABE €id0G paynTou HE Tov OpOo
food (Name ,Weight,Calories)

* To vtouAdnt Tou Napadeiypatdg HOG avanapiotatal wg
Hwa Aiota and TETOLoUG OPOUG:
[food (bread, 4,9200),
food (pasta,2,4800),
food (peanutButter,1,6700),
food (babyFood, 3,6600) ]

* Oa xpnolgonoljooupe TV idla avanapdotacn yua ta
NEPLEXOUEVA TOU OAKIOIOU
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AkoAouBigg kal utTrTakoAouBigg

/*
subseq (X, Y) succeeds when list X is the same as
list Y, but with zero or more elements omitted.

It can be used with any pattern of instantiations.
3y

subseq([]1, []1).

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

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

* M unakoAouBia pag Aiotag gival Eva avtiypag@o tng
AioTtag énou kanola oToleia TNG AioTag £xouv
NAPOAEIPOEL - 0TO NAPABEIYUA HAG TA NEPLEXOHUEVA TOU
oakdiou eival pia 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 T0 KOTRYSPNUQ
= [1, 2, 3] ; subseq/2 dy1 uoévo umopei va.
= [1, 2] ; eMéyEel kata mooo o Aloto. giva
[1, 3] ; o vaxolovbio Kamoiag alAnG
! ’ alAd umopet emiong va mapaydryet
[11 vraxolovlieg, Tic omoieg ko Go.

KX X X X X X X

[2, 3] ; XPNOYLOTOLOOVLE Lo, TH ADGH TOD
[2]1 ; pofAnuaros tov cakidiov.
[31 ~
= [1;
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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BonBnTtika 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 katnyépnua calories/2 €ival avTioTolxO.)

Meploodtepn Prolog 59

Na va doupe TToU BPICKONAOTE...

?- knapsackDecision (

| [food (bread, 4,9200),

| food (pasta,2,4800),

| food (peanutButter,1,6700),
| food (babyFood, 3,6600) 1,

| 4,

| 10000,

| X) .

X = [food(pasta,2,4800), food(peanutButter,1l,6700)]

?-

* H napandvw kKAfon ano@acilel eav undpxet AUon nou va
IKOVOMOLEL TO OTOXO TwV EAAXIOTWYV Beppidwy (10000)
* 'Oxl OUWG UNOXPEWTIKA TN AUON nou (NTAUE EUEIG...
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ATTO@ACICINOTNTA KAl BEATIOCTOTTOINON

To katnyépnpa £indall/3

* MEXpL OTIYUAG AUCQALE TO r1p0PANUa THNG arnogaorc ya
TO NPOBANUa TOU CaKLdiou

* AuTO nou BEANoupEe va AUCOULE €ival TO 7p0fAnKa 116
BeAtiorornoinong tnG AUONG TOU CUYKEKPLUEVOU
NPORANMATOG

* [0 va To enTuxoupe, Ba XPNOLONOICOUUE EVa AANO
NPoKaBopLoPEVO KaTtnyopnpa tng Prolog: £indall/3
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* findall (X, Goal, L)
- Bpiokel 6Aoug Toug TPONOUG PE TOUG 0NOIoUG 0 OTOXO0G Goal
IKavonoleitat

- TNa tov kabéva and auTtoug, e@apuolel oTov 6po X TV dla
QVTIKATAOTAON WE TNV 0noia 0 0TOX0G Goal kavonolonke

- Evonolei tTn Alota L pe tn Aiota OAwv autwy Twyv X

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

?-

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

* 2UM\EEaUE pa AioTta and 42, €va yla KABe Auon
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2UAAoyn TWV ATTOVTAOEWYV TTOU BEAOUpE

* 2UvhBwg, n NpwTtn NAPANETPOG Tou £indall/3 eival
€vag O0p0G HE TIG LETABANTEG NOU UNAPXOUV OTO OTOXO
npog eniAuon

?- findall (X, subseq(X,[1,2]), L).
L=1[[1, 2], [11, [2], [1].

?-

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

*/

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

*/

legalKnapsack (Items, Capacity, Knapsack):-
subseq (Knapsack, Items),
weight (Knapsack, W),
W =< Capacity.

/*

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) :-
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).
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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. ?- knapsackOptimization (

We use a helper pred+c§te méxc that.takes four | [food (bread,4,9200) ,

parameters: the remaining list of lists of food | food (pasta,2,4800)

items, the best list of food items seen so far, its p rer 4

total calories, and the final result. I food (peanutButter, 1,6700),
*/ | food (babyFood, 3,6600) 1,
maxCalories ([First | Rest], Result) :- | 4,

calories (First, FirstC), | Knapsack) .

maxC (Rest, First, FirstC, Result).
maxC([], Sofar, _, Sofar). Knapsack = [food(peanutButter,1,6700),
maxC ([First | Rest], Sofar, MC, Result) :- food (babyFood, 3,6600) ]

calories (First, FirstC),

( MC =< FirstC -> ?-

' NSofar = First, NMC = FirstC Tbh&ousxpﬁan

NSofar = Sofar, NMC = MC If-then-else
),
maxC (Rest, NSofar, NMC, Result).
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To poBAnUa Twv oKTW BaciAicowyv (8-queens)

AvatrapdaoTaon

+ Kdnoleg nANPoYopIieS yIa TO OKAKL:
- MMaietalL o’ €va TeTpdywvo 8x8
- M Bacihilooa pnopei va KivnBei opllovTia, KABeta f dlaywvia
yla 6ca TeTpdywva BeAfoEL
- Avo Bacihlooeg anel\ouv n pia Tnv GAAN €av givat otnyv Bl

YPOUUA, OTAAN i dlaywvio (Kot N pia pnopet va KivnBei dpeoca oto
TETPAYWVO TNG GAANG)
* To npépAnua: Bpeg €va TpdNo va
TONoBETNOOUV OKTW PBACIAIOCEG
O€ U0 KEVA OKOKIEPA €TOL WOTE
Kapia BaciAlooa va pnv
anelleital anod KAanow aAAn
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* Oa pnopoUoapE va avanapacTrOoUUE TN BaciAlooa oTn
OTNAN 2, oglpd 5 pe tov 6po queen (2, 5)

*  AA\G a@ou dev uNApPXouUV AGAAG KOUUATIO OTN OKAKIEPO—
n.x. 6 Ba €Xoupe KANolo pawn (X,Y) A king (X, Y)—06a
XPNOWonojooupe anAwg Evav 6po TNG LOPPNG X/Y

* (Ag Ba TOV ANOTILAOOUKE WG dlaipeon)
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MNapadeiypa

* 'Evag oxnpatiopdg oKaKIEPAG €ival pia AioTta ano
BaoiAlooeg

* O nopakatw eival ya T Bacidilocoeg [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.

7/

nocheck ([]1, ).

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

X =\= X1,

Y =\= Y1,

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

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

*/

legal([]) .

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

member (X, [1,2,3,4,5,6,7,81),
member (Y, [1,2,3,4,5,6,7,8]),
nocheck (Rest, X/Y). 72




Emdpkeia

AUon yia TIG OKTW BaciAicoEg

* 'Exoupe Adn apkeTd CUCTATIKA Yia va AUCOULE TO
NPOBANMA: N EpwTNON legal (X) Ppiokel OAOUG TOUG
ENTPENTOUG OXNHATIOMOUG:

?- legal (X) .
X =117
X = [1/1] ;
X = [1/2] ;
X = [1/3]
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* Quolkd, n napandavw «Auon» Ba NAapeL NOAU xpoévo: Ba

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

* Mnopoupe va «ekBlidooupe» pia Auon pe 8 BaciAlooeg e
TNV EpWTNON:

?_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]
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Ytrdapxel duvatoTtnra yia BeATiwon;

BeATiwon Tou TTPOYyPAMMATOG

* H eupeon ™ng AUong pe autdv Tov TPONO NaipveL NOAU
XpPOvo

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

?- X = [ ror_r_r_r__r__r ]I legal(x)-

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

»
I

[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] ;

o]
I
L |
o)
~
~

, 8/4, 7/2, 5/3, 4/6, 3/8, 2/5, 1/1]
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* [lpo@avwg KABE AUON €xeL pia BaoiAlooa o€ KABe O0THAN
* Apa, KGBe AUON pnopei va ypagel ue Th HOP@n:
X=1[1/_,2/_,3/_,4/_,5/_,6/_,7/_,8/_1
* Aivovtag €vav 6po auTAG TNG HOPYNG nePLopifoupEe TNV
avalATnon, eENTaxUvovTdag Tnv, Kat ano@eUyoOUUE TNV
eupeon anAwv avadlaTAEewv

/* 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

* Enetdn EEpoupe OTL OAEG OL X-CUVTETAYUEVEG €ival EVTOG
TOU JLOOTAATOG KAl OLAPOPETIKEG HETAEU TOUG, TO

NEOYPAUMO UNoPEl Atyakt va BEATIwOEL
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 TTpOBANpa

* To NPOYPOUUO TWPO TPEXEL APKETA MO Ypryopa

* [ napadetypa, o€ Bpiokel NAEOV OAEG TIG AvAdIATALELG

?- eightqueens (X) .

X = [1/4, 2/2, 3/7, 4/3, 5/6, 6/8, 1/5, 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 napanavw Katnyopnua 0 OOUAEUEL
* Evyeipel e€aipeon: “arguments not sufficiently instantiated”

* H KAON TOU KATNYOPAUOTOC member /2 OEV €ival ANAWG
KANOLOG EAEYXOC OTL Ol OUVTETAYUEVEG Eival 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

* Eyeipel etaipeon: “arguments not sufficiently instantiated”

* HKAAQON legal (Rest) NpENEL va nponyeital doTl
NAPAYEL TNV HEPLKI AUCT NOU XPELACETAL N AVODPOHIKN)
KAON ToU nocheck
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Eupeon piag pévo Auong

* Av BENapE va Bpoupe pia pévo Auon Tou NPORARUATOG
Ba pnopouoape va XPNOILONOIOOUME ONoLodNNoTE and
TOUG OUO NAPOKATW OPLOPOUG TOU OXETIKOU

KATNYOPAUATOG

e e
eightqueensl (X) finds
one solution to the
eight queens problem.

*/ */
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)
XPNOonoLe(Tal yia va neplopioel Tnv ontoBodpopunon

* H ekTEANEON TOU NAVTA ENTUYXAVEL KAL KKAADEUELY:

- 'OAoug TouG EVOANAKTIKOUG TPOMNOUG IKAVOMNoinong Twv
UNOCTOXWV NOU MBAVWG va UNAPXOUV HETAEU TNG KEPAANG
€VOG KavOva Kal Tou Onpeiou nou To ! epgavidetal oTov

Kavova, Kat

- 'OMNoug TouG KavOVEG TOU {BlOU KOTNYOPAUATOG NOU HNOPE(
va €NOVTAL TOU KavOva Nou NEPLEXEL TO !

* H xpron tou npénet va yivetal pe Qedw Kal uoTepa and
OPKETH OKEWYN
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Mapddeiypa: OTIoB0dpOUNON XWPEIG Kal JE cut

Mépn Tng Prolog Trou dev e§eTACAUE

p(x/Y) i = p(er) . P(XIY) - = p(le) .
. Yy = . ', y = .
P(X,Y) :- 2 y(Y). a
z(X,Y). X=1 p(X,Y) 5= X =1
p(4,d). Y =Db ; Z(X,Y). Y =Db ;
4,d).
x(1) . X =2 p(4,d) false.
x(2). Y =a ; x(1).
2) .
y(a) . X =2 x(2)
y(b). Y =D ; y(a).
z(3,c). X = 3 y (b) .
Y =c ; z(3,c).
X =4
Y=4d ;
false.
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* Tn duvaTtdTNTa OPLOHOU VEWV TEAECTWV

* To Xelplopd eEalpEcEWV
- EEapgoelg nou gyeipovtal and To cuoTnua Kal and To XprHotn
- Ta oXeTIKA KOTNyopnHaTa throw Kal catch

* TG BBA0BAKEG Kat MOAAG anod Ta NPOKABopIopPEVA
KATNyopnuata tTng YAwooag
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ATtroxaIpeTIONOG 0TV Prolog

* Ag xpeldoTnke va napaAeiyoupe 1600 Nocooto tng Prolog
600 napaAeiyape otnv ML kat otn Java

* H Prolog €ivat pua pikpn ya\wooa

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

* O end€tlog xelplopdg tng Prolog npolnobEtel Tnv
ULOBETNON KAl EEOLKEIWON UE ML dIAPOPETIKA PLAOTOYIa
NPEOYPOUUOTIOHOU
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