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Mepi Prolog ka1 Aoyikou lNpoypaupaATICHOU

¢ H AéEn Prolog Byaiver amod ta apytkd PROgramming in LOGic, dniaon
wpoypaupoartiCoviac otn Aoyikn.

 Eival o yYAwooa tétaptng yevidc, mov €yl ovamtuy0el Ta teAevtain kupime ypdvia,
oV Ko akOun 0gv €xel Bpet “To 0pouo e, oev £xel OnAadn kabiepwBel petacd tmv
GALOV COUPATIKOV YAMGC®OV TPOYPOLUUATIGLOV.

¢ Ot AdYoL Y10 avT0 dev givar:

e H dyvola 6Gov apopd avt T YAOGGH TV VTELOOVOV TOV ETAIPELDV TOPAYDYNG
Loyiouko (software houses) kot TV TPOYPOUUATIGTOV.

o O mpoypaupaticioc pe Prolog amaitel kAmoleg GTOYEIMOELS YVMOGELS AOYIKNG.

o O11meP1660TEPOL dlEpUNVELS Ko LETaPPaoTEG TNG Prolog dev £yovv dvvatdtnteg
emKovoviag ue PACEIS 0E00UEVOV, EVTOLEC YEIPIGLOV YPOUPIKDOV, K.A.T.
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Id1a1TEPOTNTEG Prolog

¢ H Prolog sivan yAmoosa Aoyikov IIpoypappaticuod kot divel ToA) ueyaiec
OLVOTOTNTEG GE VAL TTPOYPALULATIGTN VoL ADGEL TPOPATILATO YPTYOPO KO LLE KOO
TPOTO.

¢ Oumg o TpoypauuaTicids 6° avTn TN YAOGoo, £xEl TEAEIMC S1POPETIKO VoMU, amod
TOV GLUPOTIKO TPOYPUUUATIGUO TOV AKOAOVOEITOL GE OLUOIKACTIKES YAMGGEC OTMG 1
Pascal ko n C++.

o Av hoov Bélete va mpoypaupatioete og Prolog Eeydote Tov TpOMTO OV
wpoypaupatiCote!

s 2tV Prolog ta mpoypdupata eivon opiopot!
e Eivou opiouol katnyopnudtwv 6€ GYEGT LE TO EVVOLOAOYIKO TEPLEYOUEVO TOV
KOTNYOPNUATOV.

o MdMoTa ival GTIC TEPIOGOTEPES MEPITTMOCELS OVAIPOULIKOT OPIGLOT, OTTMC CLLTOL TOV
dtvoovue e peptkéc meployEc TV uodnuatikov (0nme n Aoywkn).
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Epapuoyéc Tng Prolog

¢ H yA®ooa Prolog umopet va ypnoipuoromdei oe dAec T1g mep1oyég mov eivor
EQOPUOGILOC KOl O KATNYOPNUATIKOC AOYIGUOC TPMOTNG TAENC.

» Eriong, AOyom tov mEpa TG AOYIKNE YOPAKTNPIOTIKOV TNG UTOPEl vo Bpel Epaproyn
o€ OAO 10 €VPOC NG emoTNUNS TS ITANpoopunc (cav pia YAoooa
TPOYPUULATIGLOV).

¢ Agdouévov dg 0t1, OTmg £xel vootnpitel o Kowalski
"AlyopiOuoc = Aoyikn + 'EAdeyyoc"
n Prolog mepiocotepo amd KABe AAAN YADGGA TPOYPAUUATIGLOV TPOGPEPEL EVOL
€DKOAO TPOTO GTOV ¥PNOTN TNC VO EKPPACEL TO AOYIKO UEPOS TMV aAyopiBumv.
e Tov éAeyyo TOV TPOGPEPEL 1] 10100 VTOUATOTOINUEVO, LEGH, OO TOV UNYOVIGLLO
GUUTEPUCLATOAOYIOC.
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BaoIKEC EVVOIEC AOYIKWYV TTPOYPOUANMATWYV

¢ "Eva Aoywucd tpdypapua givar £va 6OVOLO amd aslduoto 1 KavOVES 01 00101
KoBopilovv 6YEGEIC avAUESH GE AVTIKEILEVAL.

* YToAOYIGUOG EVOG AOYIKOV TPOYPAUUOTOC EIVAL £VOL GLUTEPAGLLO. OTTO TO
ATOTEAECLOTO EVOC TPOYPALLOTOC,

L)

L)

L)

» "Eva tpoypaupa kabopilel Eva GOVOLO ATOTEAEGUATMOV, T, OO0 ATTOTEAOVV TO
vOnud tov.

)

* H tkavotnta 100 A0Y1KOU TPOYPOLUATICULOD Vol Vo KOTOGKEVALEL GaPT] KO KOG
TPOYPALLLOTO TO OTTOl0L £X0VV TO EMBLUNTO VO LLO.

L)

¢ O1 Baotkéc Evvolec TOV ALOYIKOD TPOYPUUULATIGLOV, OPOl Kol ONANDGELS, Eivat
KANPOVOUNUEVEC OO TNV AOYIKN.
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NMpotaociakn Aoyikn

% 2NV TPOTAGLOKN AOYIKT KAOE YeYOVHS TOL TPOYLLATIKOD KOGLOD
1  avomoapiotatol pe pwa Aoyiky mpotaoy,
2 yapaxtnpiCeton ite o¢ ainOnc (T-true) | oc wevons (F-false)

¢ O1 Aoyikég mpotdoels (aTouo. - atoms) avomoploTOVTOL GLVHOME amd AUTIVIKOVC
YOPOKTIPEC.

¢ Xvvdvalovrtor pe T (PO AoYIKOV GLUUBOA®Y 1} GLVOETIKOV (connectives)

2UupBoAo Ovopuacia / ETreqynon

A ouleucn (Aoyiko "KAI")

v dialeuen (Aoyiko "H")

—~ apvnon

—> ouvemmaywyn ("EAN TOTE")

PN AimtAf ouvettaywyn ) 1coduvauia ("AN KAl MONO AN")
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MNepropionog Tng Npotaociakng AoyIKAG

* Edv pe p avamapiotovue v mpdtoact «OA01 o1 ckOAOL popilovvy ko 1 p ivor
aAnOnc, Tote Bo OEAaE Vo UTTOPOVE VO ATTOOEIEOVLE OTL €O GKVAOC Lov o fido
nopiler”.

¢ Tote Aowmodv pog ypetdletor | KOTyopnUatikn AoyYikn (1 Aoyikn Tpadtne Taéng).
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KatnyopnuaTtiki Aovyiki

* Enéktaon e mpotaciakng AoYiKNcC.
¢ O KOGUOG TEPTYPAPETAL GOV £V GCUVOAO QVTIKEIUEVV, LOIOTHTOV KUl CYETEMV.

* Avtiuetonilel o TpOPANUA TG U TPOCTELACILOTITAC TMV GTOLYEI®V TMV
YEYOVOT®V TNG TPOTAGLUKTC AOYIKNG.
o IL.y., npdtaon "o tliunc eivar tiypnc " avomoplioTaTol UE TIYpHS(TCiung)

* "Yropén uetoffAntaov, mov auEAVEL GNUOVTIKA TNV EKQEPACTIKT KAVOTNTE TNG
e Emitpénel v avarapactacn "yevikng" yvoong.

*» Emexteivel v mpotaciokn AOYIKn E160YOVTOG
e Opovg (terms),
o koatnyopnuota (predicates) kot
e T0G00EikTEC (quantifiers).
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=ava otov Aoyiko lNpoypauUATIOUNO

* Yndpyovv Tpelg Pacikéc ONAMOELS:
e 10 yeyovota (facts),
e 01 EpMTNGELS (queries) Kol
e 01 Kavovec (rules).

* Yrdpyer po povadikn doun dedouévmv: o Aoyikog 0pog (logical term) 1 armAd 6pog.
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["eyovoTa

¢ To mo amAod €idoc TS OMNAmong ovoudaletou yeyovog (fact).

4

L)

* Ta yeyovota gival £va nEGo KaBopiooD UG GYEGNC TOV 1oYVEL AVALEGO GTO!
avtikeipeva. Eva mapdostypa eivai:
father(abraham,isaac).

L)

/

¢ Avtd 10 YEYOVOC AEL OTL 0 Abraham glval o Tatépag TOL Isaac, ] OTL 0 GUGYETIGUOC
ToTEPOS (father) 1oyhEL avaueca GTIC LOVAOEC, 01 omoieg ovoualovton abraham kol
isaac.

* AAAo €va Ovoua yio pia oyéomn givon To kKatnyopnue (predicate).

» Ta ovopoto tov povaowv ivol yvootd o¢ artopo (atoms).

¢ To xatnyopnua father €xel 2 opicpata. AnA. father/2.
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MNapadeiyparta yeyovotwyv o€ Prolog

\/ (19

¢ “the capital of france 1s paris”
has capital(france,paris).

o [Ipocécte ott otV Prolog, edv 10 dvoua evoc avtikelwévovu apyiletl pe uKpd ypdupa tote
OVOPEPETAL GE GUYKEKPIUEVO OVTIKEILEVO 1| LOVAD.

e Emiong, dev mpémel va vdpyel kKevO (space) avAUESH GTO OVOLLOL TOV KOTIYOPT|LOTOS Kol
ot oprotepn mapévieon “(“. OAn n ypauun teAeumver pue “.”.
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MNapadeiyparta yeyovotwyv o€ Prolog

¢ Eniong mpocéite oT1 umopovue va EYovue GYECELC AVAULESH OE TAPATAV® OTd dVO
avtikeipeva. I'a mopdostyua:

meets(fred,jim,bridge).
e might be read as “fred meets jim by the bridge”.

e Here, three objects are related so 1t makes little sense to think of the relation meets as
binary - it 1s ternary.

Aoyikog [poypappoatiopnog
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AOCKNOEIG

** AVOTOpOGTNOTE TIC TOPUKAT® TPoTdoels o€ Prolog.

1. bill likes 1ce-cream

2. bill is tall

3. jane hits jymmy with the cricket bat
4. john travels to london by train

5. bill takes jane some edam cheese

Aoyikog [poypappoatiopnog
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AUceIgc ACKNOEWYV
1. likes(billice cream).

We could, of course, have defined likes in the reverse way. This would lead to the
representation /ikes(ice cream,bill) and the reading, in this case, that «ice creamy is

«liked» by «billy.

Also note that we could get away with a one argument relation:
likes ice cream(bill).

Or even a zero argument relation
bill likes ice cream.

We could try the representation that bill(likes,ice cream). Usually, predicates are
associated with verbs.

Aoyikog [poypappoatiopnog
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3
AUceIgc ACKNOEWYV

2. is(bill,tall).

This might be chosen but there 1s are problems: First, with the word "1s'. Here, it 1s
associated with the idea that bill possesses an attribute which has the value "tall'.

Another reason for not using is(bill,tall) is that there may be many such statements in a
database. Prolog would then have to sort through a large number of 1s/2 clauses such as

is(bill,rich).
Finally, the predicate 1s/2 is a system predicate and cannot be redefined by the user!
height(bill tall).

If we choose height(bill,tall) then we only search through the clauses that deal with
height.

tall(bill).
1s quite acceptable and probably the one most people will prefer. However, we should
note that this representation will make it harder to pick up any relation between tall(bill)

and, for example, short(fred) whereas this is easy for height(bill,tall) and
height(fred,short).
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AUceIgc ACKNOEWYV
3. hits(jane,jimmy,cricket bat).

...and many others!

4. travels(john,london,train).

5. takes(bill,jane,cheese,edam).

Later we will see that we can tidy this up by writing
takes(bill jane,cheese(edam))

where cheese(edam) 1s a legitimate Prolog term.

Aoyikog [poypappoatiopnog
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2UVvoAo ['eyovoTwyv

¢ Iapdpora to plus(2,3,5) exppalel v oyéon tov 2 cuv 3, 1 onoia eivon to 5. H
YVOGTN oYEon, mpocleon (plus) umopel va Tpayuotonoindel oOopuéGov EvOog GLVOAOL
yeYovoT®V To 0moia kabopiCovv tov mivaka g TpocHeonc.

* 'Eva apyikd tpuiuo oovtod tov mivako eivor:
plus(0,0,0). plus(0,1,1). plus(0,2,2). plus(0,3,3).
plus(1,0,1). plus(1,1,2). plus(l,2,3). plus(l,3,4).

¢ H enéxtaon avtod tov mivaka (0 omoiog dev Kataypdeetor €0 0AOKANPOC), LE TIG
VITOMOITEG GYECELS, T.Y. plus(2,3,5)., plus(2,2,4)., K.1.\., B BewpnOel 0 0proUOC TNC
oyéong mpoocleon (plus).

Aoyikog [poypappoatiopnog 17




Aoknon
¢ Represent each of these statements as a set of Prolog clauses.
1. bill only eats chocolate, bananas or cheese.

2. the square root of 16 is 4 or -4.

3. wales, 1reland and scotland are all countries.

Aoyikog [poypappoatiopnog
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1. eats(bill,chocolate).

eats(bill,bananas).
eats(bill,cheese).

2. square root(16,-4).
square root(16,4).

3. country(wales).
country(ireland).
country(scotland).

Aucon Aocknong

Aoyikog [poypappoatiopnog
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Aopuég Agdopevwy otnv Prolog

Aoywoi Opor

/\

Opor

/\

Constants

.

Atoms

Xvv0eTo1'Opot (Aousg)

Variables

Numbers

Aoyikog [poypappoatiopnog
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2100ep€g Prolog (Constants)

¢ If we have:
loves(jane,jim).
e then jane and jim refer to specific objects. Both jane and jim are constants or atoms.

e Also, “loves" happens to be an atom too because it refers to a specific relationship.

¢ Generally speaking, if a string of characters starts with a lower case letter, the DEC-

10 family of Prologs assume that the entity 1s an atom.

Aoyikog [poypappoatiopnog
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o0

2100ep€g Prolog (Constants)
There are constants other than atoms, including integers and real numbers.
A constant 1s an atom or a number. A number 1s an integer or a real number

The rules for an atom are quite complicated:

quoted item  'anything but the single quote character’

word lower case letter followed by any letter, digit or (underscore)
symbol any number of f+, - * /. n, N\, <, > ="~ 1 .2 @,#,9$, &g
special item any of f [], fg, ;, !, %g

L X 4

So the following are all atoms:

likes chocolate, fooX23, ++*++, ::=, "What Ho!'

Aoyikog [poypappoatiopnog
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2100ep€g Prolog (Constants)

¢ No predicate may be a variable!!!

e That is, we cannot have X(jane,jim) as representing the fact that jane and jim are related
in some unknown way.

Aoyikog [poypappoatiopnog
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1 1313 0

ApiBuoi otnv Prolog

*¢ Numbers used in Prolog include integer numbers and real numbers.

¢ The syntax of integers 1s simple, as illustrated by the following examples:

-97

» The treatment of real numbers depends on the implementation of Prolog. We will

assume the simple syntax of numbers, as shown by the following examples:

3.14 -0.0035

100.2

*¢ Real numbers are not used very much in typical Prolog programming. The reason for

this 1s that Prolog 1s primarily a language for symbolic, non-numeric computation, as
opposed to number crunching oriented languages such as Fortran.

Aoyikog [poypappoatiopnog
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Aoyiko lNpoypauua

¢ 'Eva nemepacuévo 6OHVoro amd yeEYovOTa GUYKPOTEL Eva. Tpoypouo (program). Avt
elval 1 o oA LopPny EVOC AOYIKOD TPOYPALLATOG.

** 'Eva c0voAo amd yeyovota ivol emiong n meprypopn Lo KotdoTaons. Avti 1
entyvoon givor n Bdon yia tov tpoypappaticiud Bdong deoouévov (mov Ba culnnOei
GTN GLVEYELO.

** 'Eva mapdodstypa Bdong dedopuévmv Tov oyfoemv tog otkoyévetag oo v Bifio
etval ooopéEvo oto Ipdypaupa 8.1 (emduevn olapdveln)

* Toa Koatnyopnuozo:
o matépog (father),
e untépa (mother), apoevikd (male) kot
e Onivxo (female)

EKQEPALOVY 0LOQPAVEPQ. TIC GYEGELC.
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3
Mpoypapupa 8.1: Mia Baon 60eOOUEVWYV PME OIKOYEVEIOKES

oxX€oeig atro Tnv BifAo

father(terach,abraham). male(terach).
father(terach,nachor). male(abraham).
father(terach,haran). male(nachor).
father(abraham,isaac). male(haran).
father(haran,lot). male(isaac).
father(haran,milcah). male(lot).
father(haran,yiscah).

female(sarah).
mother(sarah,isaac). female(milcah).

female(yiscah).
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ATTAég EpwTnOEIg

s H devtepn poppn pog OAmong 6tov AoYiKO TpoyPaULOTIoUd ival N epwtnon
(query).

 O1 epmTOELS ElVOL TO UEGO OTTOIOCTC TAT|POPOPLOV OO EVOL AOYIKO TPOYPOLLLLLOL.
¢ Me (o epdTon, pOTALE OV 1oYVEL KATO10G GUGYETIGUOC AVAUESO GE AVTIKEIUEVAL.

 [N'o mopdderypa n epdTNoN
father(abraham,isaac)?

potactl, edv n oyéomn moatépog (father) woyvel avéueca otov abraham kol 6tov isaac.

Me dedouévo ta yeyovota Tov Tpoypduuatog 8.1, n andvinon gival “yes”.

Aoyikog [poypappoatiopnog
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ATTAég EpwTnOEIg

¢ ZUVTOKTIKE, 01 EPMTNOCELS KOl TO YEYOVOTO UTOPOVV VO S10pOPOoToInBovv omd T
cuUEPALOUEVA.
e H teleia vrodeikviet éva yeyovog "P.", evd
® TO EPOTNUOTIKO VITOJEIKVVEL Wa, epwtnon ("P? ).

s X210y0 (goal) ovopdlovpe TV ovtoOTNTO YOPIG TNV TEAEIN 1 TO EPOTNUATIKO.
e 'Eva yeyovog "4." onAmvel 0t 0 610Y0¢ 4 givon aAnOc.
e H epatnon "4?" potdel edv 0 o1d)0¢ elvon ainb1c.

“* M anAn epdtnomn amoteAeiton amd Evay amAd otdyo.

* Amaviavtog o o epatnon @2 avaeopikd pe Eva tpdypaupa P eival cov vo
poTaue av 0 6100 O amooekvveTal amtd To Tpoypauuoa P 1 av o otdyog O eival
AOYIKO GLUTEPAGLLOL TOV TTPOYpauuatog P.

Aoyikog [poypappoatiopnog 28




ATTAég EpwTnOEIg

¢ Ta Aoyikd coumepdouota ExovV Tapaydel Le TNV EQAPLOYT] CUUTEPAUCLUTIKMDV
KOVOVOV.

“* O 7o amlog Kavovac GLUTEPAGUATOC ival | TavToTyTa (identity): omd t0 P
cvunepaivooue P.

* Mo epdtnon gival Eva Aoyikd coumépacia, vO¢ 1010V YeYovOTOoG.

Aoyikog [poypappoatiopnog
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ATTAég EpwTnOEIg

* INo va araviioovue o€ amAég EpmTNOELS epYalOpnaoTe ¢ EENG :

o Ydayvouue yio Eva yeyovog HEGH GTO TPOYPULLLO, TO OTTOL0 GLUTEPULVEL TNV EpOTNON. AV
Bpebet Eva yeyovocg 1010 pe v epmdTNON, 1 ardvinomn gival val (yes).

e H andvinomn 6yt (no) dtvetan av oev Ppebel Eva yeyovog 1010 pe TV epMOTNON, Y1oTi TOTE TO
YEYOVOC OV 1val AOYIKO GUUTEPACLLOL TOV TPOYPAUUATOS. AVTN 1 ATAVTINGT) OEV
avVTOVOKAG TNV aAndeio T ep@TNOoNG. ATAMC AEEL OTL AMOTOYOLE VO, OTTOOEIEOVLE TNV
EPDTNGT AVOPOPIKA LUE TO TPOYPAULLLA OVTO.

* Avaeopikd pe to Ipdypauua 8.1:
e Koai ot 0vo epomoelc female(abraham)? kou plus(1,1,2)? Ba anavticovv 6y (no)
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MNapadeiypata amrAwy epWTROEWYV O€ Prolog

* Agdopéva (facts).

child (o10imovg,10xd0th). child (o10imovg,Ad10¢).
child (avtryovn,iokdotn). child (avtryovy, oroimouvg).
child (eteoxAng,10xdoty). child (eteokAng, o10imovg).
child (roivvikng,i0kdaotn). child (roivvikng,laiog).
male (Ad10¢). male (010imovg).

male (eteoxng). male (moAvVikng).

female (avtiyovn). female (10okdotn).
married (A610¢, 10K60TH). married (10x60tH, AG10G).

married (o10imovg, 10k60ty). married (10kAoty, 010ITOVG).

Aoyikog [poypappoatiopnog
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5

*» Iopaodeiypata epotoemv:

?- child (o10imovg, Ldaiog).
YES

?- child (avtryovn, etcokAng).
NO

Aoyikog [poypappoatiopnog
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Aoyikec MeTaBANTEG

¢ Mo Loyikn LETAPANT OVTITPOCOTEDEL (10, oKAOOPIOTN LOVADM KOl ¥PTCILOTOLEITON
avaioya.

* Meleteiote TV ¥pnon ¢ oTic epToelc. Yrobétovue 6t 0Elove va yvopicovue
tivog matépag Ntav o abraham. Evac 1pdmog ival vo, p@TNGOVUE LUl GEPA
EPWTNCEMV,

father(abraham,lot)?,  father(abraham,milcah)?, «.T.\.

uEypt va 000et o amdvinon va (yes).

¢ Mo petafAntn emnttpémnet Evav KOAVTEPO TPOTO YL VA, EKPPACGEL TNV EPMTNON
father(abraham,X)? g onoiag n andvinon eivar X = isaac.
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Aoyikec MeTaBANTEG

¢ Ot petafAntéc etvon £va €100¢ TEPIANYNG TOAADY EPOTNCEMV.
e Mio pMOTNON TEPLEXOVTOG UL LETAPANTI] POTAEL OV VITAPYEL L0l TIUN TNG UETAPANTIC
OV VAL KAVEL TNV €POTNCT £VO AOYIKO GUUTEPAGLO TOV TPOYPCLULOTOC.

¢ Ot uetafAntéc otov AoyIKO TPOYPAUUATIGUO CUUTEPIPEPOVTOL OLAUPOPETIKA ATd TIC
LETAPANTES OTIC GLUPATIKES YADMOGEC TPOYPOLLLOATIGLOV.
o AVTEC OVTITPOCOTEVOLY TEPIGGOTEPO U0 aKaOOP1oTN OALE LOVAIIKT) OVTOTNTA, TTOPA
o Bon pvnung.

Aoyikog [poypappoatiopnog
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Noyikeg MetaBAnTég oTnv Prolog
¢ Variables usually start with a capital letter.

¢ The only interesting exception is the special anonymous variable written and
pronounced underscore". In the rule:

process(X,Y):-
generate( ,7),
test( ,Z),
evaluate(Z,Y).

the underscores refer to different unnamed variables.

Aoyikog [poypappoatiopnog
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MNapadeiypa peTaBANTNG

+* Note that, in the clause,

know both parents(X).-
mother( ,X),
father( ,X).

e the underscores do not refer to the same object. The reading is roughly that we know both
the parents of X if someone(name unimportant) is the mother of X and someone else
(unimportant) is the father".

¢ Note that Prolog regards the two occurrences of the anonymous variable in the above
as different variables.
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Opol (terms)

» 'Exyovtag mapovoidoet Tig LeTaPANTEC, UTOPOVUE VO OPIGOVLE TOVE AOYIKOVC 0POVS
(terms), T LOVOOIKT) OOUN OEOOUEVOV GTOL AOYIKA TTPOYPALLLOTAL.

O optoudg eivar emay®yikog.
e O1otafepéc Kat o1 petafAntég eivar 6pot.
e Emiong opot gival kot o1 cuVOETOL OPO1L 1] 01 OOUEC.

Aoyikog [poypappoatiopnog
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20vBeTol Opol (compound terms)

** Evog o0vBetog 0pog mepiéyet Evav aovaptyty (functor) (ovoudletot 0 KOPLOC
GLVOAPTNTNG TOV OPOV) KOl Lo GELPA amd Eva 1 TEPIEGOTEPX, OPICLATA, TO OTTOLN EIVOL
opot.

v Evoc evvaptytns (functor) | cuvoptnolokod cOUPoAo yapaktnpiletor amd 1o Ovoud
TOV, TO 07010 €lvan Eva ATOUO Ko atd TNV TOAAATAOTNTA 1] TOV aplOUd TV

OPIGUATOV TOV.

L)

<&

L)

» 2VVTOKTIKA 01 GOVOETOL OpoL Eyouv TNV Wopoen f(t;, to, . . ., t,) OTOL
® 0 GLVAPTNTNG EXEL OVOLLO. £,

L)

e civol moAlamAlotyToc n, Kol
® O #; €lval To OpicuaTO.

L)

» [lopadeiyuorta tov cuvleT®V Op®V TEPLAAUBAVOLV TO!:
o hot(milk), name(john,doe), list(a,like(b,nil)), foo(X) ka1 tree(tree(nil,3,nil),5,R).

L)
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20vBeTol Opol (compound terms)

K1 dAAo topadeiyuota:

¢ The date can be viewed as a structure with three components:
day, month, year.

¢ A suitable functor for our example is date.

¢ Then the date 1st May 1,983 can be written as:
date(1, may, 1983)

Aoyikog [poypappoatiopnog
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20vBeTol Opol (compound terms)

¢ All the components in this example are constants (two integers and one atom).

s Components can also be variables or other structures. Any day in May can be
represented by the structure:

date( Day, may, 1983)

¢ Note that Day is a variable and can be instantiated to any object at some later point in

the execution.

¢ This method for data structuring is simple and powerful. It is one of the reasons why

Prolog is so naturally applied to problems that involve symbolic manipulation.

Aoyikog [poypappoatiopnog
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Mapadsiypata ZuvleTwy Opwyv

happy(fred)
principal functor = happy

st argument = a constant (atom)

sum(3,X)
principal functor = sum
st argument = constant (integer)
2nd argument = variable
not(happy(woman))

principal functor = not

st argument = compound term

Aoyikog [poypappoatiopnog
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XpnoiyotTnta ZuvletTwy Opwyv
¢ Nesting compound terms may be of use to the programmer.

¢ For example, the clause
fact(fred, 10000).

1S not as informative as
fact(name(fred),salary(10000)).

Aoyikog [poypappoatiopnog
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Avatrapaoctaocn Zuvletwy Opol wg AEvopa

sentence(np(noun(fred)),vp(verb(swims)))

sentence

T
__,_r""-'---'- -\._\_\1-\--
np vp
I10 LY verh
fred qW IS

Aoyikog [poypappoatiopnog
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AvTikataoTaon (substitution)

¢ 'Eva mapdostypa pog avtikatdotaong Tov anotehel Eva povadiko Cevydpt eivon
{X = isaac}.

 AVTIKOTOOTACELS UTOPOVV VO, EPUPLOGTOVYV GTOVE OPOUC.
To amotéheopa amd TV EQapLoyYN UG avitkatdotaons 0 oe Evav 0po A, mov
eaiveton amo 10 A6, elval 0 OPOC 0 OTOI0C TETLYAIVETOL OO TNV AVTIKATACTACT) KAOE
eELEAVIoNC T0V X UE TO £ 6T0 A, Y10 kKABe Cevydpr X = £ péca oto 6.

¢ To amotéleoua TG epapuoyne {X = isaac} otov 6po father(abraham,X) €tvon 0 6poc
father(abraham,isaac).
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2TIypIoTUTTO (Instance)

¢ O o16y0¢ father(abraham,isaac) €ivol £va GTIYLIOTLTO TOVL father(abraham,X) péoo
amo TNV avTIKaTdoTaon {X = isaac,.

¢ IMapduoiwa o mother(sarah,isaac) eivon €va otryutdtomo tov mother(X,Y) péca and
TV avtikatdotaon {X = sarah, Y = isaac).

Aoyikog [poypappoatiopnog
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YTrapgloakKES EpWTNOEIC

* Av gueavifovtor LeTOPANTES LEGH OTIC EPMTNOELS, TOTE LIOVOEITOL OTL VTEG
Bpiockovtar otnv euPéreia evog vTapELoKoy TOGOOEIKTT).

s Tétoteg epmtoeic o umopovcape va Tig ovoudlovue “OrapElokic EpOTNOELS’
(existential queries).

X . tvet, ¢ { ather(abraham,X): 3 :
s Avtd onuaivel, o0tL n epwtnon father(abraham,X)? dwaPaletal
"Yrdpyel éva X 1€to10 mov o abraham va givon o Tatépac tov X",

Aoyikog [poypappoatiopnog
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YTrapgloakKES EpWTNOEIC

¢ O 0e0TEPOC KOVOVOE CUUTEPAGLOTOC TOV TOPOVCIALOVLE EIVOL 1 YEVIKEVLGT)
(generalization).

» To yeyovog father(abraham,isaac) vwovoel 6tL vILépyeL Eva X TETO10 MOTE TO
father(abraham,X) va. elval aAn0éc, onilaon X = isaac.

Aoyikog [poypappoatiopnog
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YTrapgloakKES EpWTNOEIC

¢ AE1ITOVPYIKA, Y10 VO, ATOVTIIGOVLLE 0L DTOPKTY, LT CTOLYELDON EPMTNON

YPNCLUOTOLOVTOG EVO TPOYPOLLD LE YEYOVOTA, Ppiokovue Eva YEYOVOC TO 0molo givat

EVOL GTIYULOTVTIO TNG EPOTNOTG.
¢ H andvinon, 1 n Adoy, eivar avtd 10 GTIYUIOTLTO.

*» H amdvtnon eivan oy1 (no) av dev vdpyel KATAAANAO YEYOVOS GTO TPOYPOLLLLOL.

Aoyikog [poypappoatiopnog
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YTrapgloakKES EpWTNOEIC
 Tevikd, (o vropkT) EpOTNON 10MG £YEL APKETEG AVCELC.

¢ To IIpoypapua 8.1 delyver 6t1 0 Haran gival o TatépOg TPLOV TOUOLOV.
Katd cuvéneia n epotnon father(haran,X)? €xel 11 AMOGELS
{X = lot}, {X =milcah}, {X = yiscah].

 AMn epdTON HE TOAAOTALC Avoelc sivon 1 plus(X,Y,4)? n omoia Bpioket ap1Opong
TOV 0TolmV T0 Afpoilcua 1oVt LE TO 4.
Ot Moelg givar, Yo mapdoetyua, (X =0, Y =4} ka1 { X =1, Y = 3}.
® XNUEIOOTE OTL 01 NAPOPETIKES HETAPANTEC X Kot Y avTamoKpivovTol G€ 010 pOPETIKA
(mBavov) avtikeipeva.

“ Mo evdlapépovco TOPOALAYN TNG TEAEVTOLOG EpdTNONG Elvan N plus(X, X, 4)? n omoia
EUUEVEL GTO OTL 01 OVO0 ap1fpol TV omoimv To afpoilcua oVt LE 1o 4, eivar id101.
Avtn €xel Lovaolkn anmdvtnon (X = 2.
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5

MNapadeiypata Ymrapiakwyv Epwtnoswyv otnv Prolog

* Agdopéva (facts).
child (owimovg,1okdotn). child (owimovg,Adoc).
child (avtrydovn,okaotn). child (aviiyovn, owinovc).
child (eteoxAng,1okdotn). child (eteoxAng, owimoug).
child (moAvvikng,i1okdotn). child (moAvviknc,Adioc).

male (Adog). male (owimovg).
male (eTeokAnQ). male (moAvvikng).
female (avtryovn). female (1oxkdotn).

married (Adwog, 1okdotn). married (10kdotn, Ad10Q).
married (o10imovg, 10kdotn). married (10KAGTT), 01OITOVC).

Aoyikog [poypappoatiopnog
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5

*» Iopaodeiypata epotoemv:

?- child (X, 1okdo).

X= o1dimovg

?- child (avtiyovn,X).

X=10KAa0oTN;
X= 0101movg

?- child (X,Y).
X= 0101movg
Y= 10Ka01N;

X= owdimovg
Y= Aduog;

Aoyikog [poypappoatiopnog
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KaBoAika I"'eyovoTa

¢ Ot petafAntéc eivon emiong ypPNOILEC GTA YEYOVOTOQ.
e YnéOeoe Ola ta Biplkd tpocona, mov counadovv tov Pomegranates. Avti va
cuumePIAAPOVUIE GTO TPOYPOULO £VA KATAAANAO YEYOVOS Yo KAOE povaoda:
likes(abracham, pomegranates)
likes(sarah, pomegranates).

gval yeyovog ocvundfeiac likes(X, pomegranates) nmopet va. ta. mer Oha. Kévovtag yprion
VTG NG LEBOOOV, 01 UETAPANTES ElVOL EVa UEGO TLEPIANYNG TTOALWDV YEYOVOTMV.

Aoyikog [poypappoatiopnog
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KaBoAika I"'eyovoTa

¢ To yeyovog time(0, X, 0) ovvoyilel OAa ta yeyovota to omoia Eekivouv e 1o 611 0
QOopEC KAmorlog apliuog toovtal pe 1o 0.

¢ MetopAnTéc uéca og yeyovoto Bpiockovtor otny epPéreta evog KaboAkov
TOGOOEIKT, TO 0Toio onuaivel dtucOnTikd OtL T0 Yeyovog likes(X, pomegranates)
onAwvel 0Tt Yo OAa ta X, T0 X cvundfeia tov pomegranates. Aoyikd, and Eva T€To10
YEYOVOG, KATO10¢ UopEl va cuvdyel KAOE oty oTumo oo avtd. 1o mapdoetyua,
ano likes(X, pomegranates) counepaivovue likes(abraham, pomegranates).

¢ AvTOC €ival 0 TPITOC CLUTEPACLATIKOC KAVOVOS, O OTTO10g OVOUALETAL apyikomoinony
(instantiation).
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KaBoAika I"'eyovoTa

* AbYo akabopiota avtikeipeva, Ta omoio Tpocdlopilovrot amd HETOPANTES, LTOPOLV
eCavayKaoUEVA, va. €IVl OLO10L, YPTGLLOTOIMVTOS TO 1010 Ovoud LETAPANTNC.

¢ To yeyovog plus(0,X,X) exppalet 6t1 10 0 gival pio aploTepn TOVTOHTNTO TN
tpOcOeoc.
® AVTO gPUNVEVETOL TMOG YL OAES TIC TIUEC Tov X, 0 ovv X 1oovTal pe X,
e Mo mopouota ypron yivetal otav peta@pdlovue tnv AyyAkn onAmon "kabévog
cvunafei Tov eavtd tov" ue to likes(X, X).

¢ H andvinon oe otoryeiddn epitnon mov Paciletor o€ £va yeyovog TO 0Toi0 TEPIEYEL
LHeTAPANTEG €ivon TPOPOVIC.
o Ydacte yia €Eva yeyovog yio TO 0Toio 1 EpMTNGOT Eval £va. GTLYULOTLTO.
o [ mapdostypa, n andvinon oto plus(0,2,2)? n onola ival var (yes), Paciletal mdvm 610
veyovog plus(0,X,X).
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KaBoAika I"'eyovoTa

¢ H andvinon o¢ (o un otoryeimon epmTnon YPNOLLUOTOIMVTIS £VOL LT CTOTYEIMOES
YEYOVOG EUTEPLEYEL £VA, VEO OPIGLO: £VOL KOIVO GTIYOTLVTO UE OVO OPOVG.

* Opwondg: To C eivon £va Koo oTyutdTuTo ToL A Kot Tov B ov avtod givor Eva
GTUYUOTLVTIO TOL B. Mg dAla Adyia, av vtdpyovv avtikataotdoelc &; ko 65, toten C
= A0, elvol GLVTOKTIKOC TAVLTOCT|UN UE TN BO,.

 INo moapdderyua, ot otoyol plus(0,1,Y) xou plus(0,X,X) Exovv Eva Koo oty dTLTTO
plus(0,1,1). Epapuolovtac tnv avtikatdotoaon {Y = 1} oto plus(0,1,Y) xor v
avtikatdotoon {X = 1} oto plus(0,X,X) ka1l o1 0vo mapdyovv 10 plus(0,1,1).

¢ Q¢ eni 10 TAEIGTOV, TPOKEIUEVOD VA OTAVTIICOVUE IO EPMTNCT YPNOLOTOLDOVTOS £V
YEYOVOC, YAYVOLLUE Y10 £VA KOIVO GTIYULOTLTO TNG EPMTNONG Kl TOL YeYovoTtos. H
amTAVINOT €IVOL TO KOWO GTIYUIOTUTO OV LITAPYEL, OLUPOPETIKA 1) OTTAVINGT Elvon Oyt

(no).
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2UCEUKTIKESC EpWTNOEIC

¢ Mo oNUOVTIKY TPOEKTACT OTO €100C TV EPMTNCEMV, 01 0TOiEg GVINTNONKAY UEYPL
€0, €lval 01 GLLEVKTIKEG EPMTNGELC.

¢ 2ulevkTikn epmtnon sivar po ovLevén oTdoY®V TOL EKEPALOVTOL GE L0 EPMTNO,
yio TopaoeLyua father(terach,X), father(X,Y)? y yevika, Q1, . . ., On?.

» O1 amhéc epmtoelg ival Lo 101K TEPITTMOT GLLEVKTIKOV EPOTHGEMV OTAV
VITAPYEL EVOS ATTAOG GTOYOG.

Aoyikog [poypappoatiopnog

56




2UCEUKTIKESC EpWTNOEIC

¢ 2T1C o oAEC GLLEVKTIKEG EPMTNOELS OAOL 01 GTOYOL EIVOIL GTOLYELMOELG.

o [ mapdostyua father(abraham,isaac), male(lot).
H andvtnon ce avt v epmtnon ypnoonoiwviac to [poypauua 8.1 givar var (yes)

KoO®G Ko 01 000 GTOYOL ATTOOEIKVVOVTOL ATTO TO TPOYPULLLLCL.

¢ O1 ovlevkTIKEC EpMTNOELC €IVl EVOLAPEPOVGES OTAY VTTAPYEL LU0 1] TEPIGGOTEPEC
otapopalopueveg netaPAnTtéc, petaPAntéc mov eppaviCovial HEGH GE 00O
OLOPOPETIKOVS GTOYOVE EPMTIGEMV.

e 'Eva mapdoctypa eivon n epmwtnon father(haran,X), male(X)?.
H éxtaon wog petaPAntic o o 6 EVKTIKN EpMTNOT, lvar OAN 1 cVLEVEN.

Katd cuvéneia n epotnon p(X), q(X)? exppalet:
"Yrdpyetl Eva X €161 wote va 1oyveL ko p(X), 6o ko g(X)?".

 Onm¢ oTic amAéc EpMTNOELS, Ol LETAPANTEC 0TIC GLLEVKTIKEG EpMTNOELC PpiokovTat
otV eUPELeIn EVOC M) TEPLGGOTEPWOV VTTOPEIOKOV TOGOOEIKTMOV.

57
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2UCEUKTIKESC EpWTNOEIC

¢ Ot droporpalopevec HETUPANTES YPNOLUOTOIOVVTAL GOV EVA LECO EEOVAYKAGLOD LLOG
ATTANG EPMTNONG, £TGL MOTE VA, TEPLOPIGEL TNV EKTACT LG LETAPANTNC.

» 'Exyovpe k1ohac o€l Evo mopaderypo pe tnv epotnon plus(X,X,4)? 6mov to 4 eivon n
AOon tov aplBuov mov Ba Tpocstefovv, N omoia TEPLOPLOTAV GTOVC aPOLOVE TOV
nroav idtot.

* Ocwpovue v epaytnon father(haram,X), male(X)?.
e Eom o1 AMoelg tne epatnong father(haram,X)? eivol meplOPICUEVEC GTA TOLOIA TOL OTTOLCL
elval 0pceVIKA.
o To IIpoypapuua 8.1 detyver OtL vdpyEl LOVO ua Avon, {X = lot).
e AvtiocTolyn, oVt 1 EpOTNON UTOPEL VO EEETAGTEL (G TEPLOPIGTIKT) ADGT GTNV EPOTNCN
male(X)?, 611G LOVAOEC O1 OTOieC Eyovv Tov Haran yio Tatépa.
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2UCEUKTIKESC EpWTNOEIC

Mo eAap®dG O10QPOPETIKN YPNOT U0 SLoUolpalOUEVC LETAPANTAE umopel va yivel

AVTIANTTY 6TV epwTNON father(terach,X), father(X,Y)?.

o Amd TV Ha TAevpa mePLopilovLE TOVS VIOVE TOVL terach Ge EKEvOLS 01 0ToioL Elvan Ot
10101 TOTEPEG,.

o Amd v dAAN TAevpd Bewpove povadeg Y, Tmv omoimv o1 TaTéPEC eivat viot Tov terach.

* Yrdpyovv apketéc ADGELC, Yo TOpAdETY L
{X = abraham, Y = isaac}, ko {X = haran, Y = lot}.

Aoyikog [poypappoatiopnog
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3
MNapadeiypata 2UuCeUKTIKWY EpwTtnoewy otnv Prolog

parent( pam, bob).

parent( tom, bob).  parent( tom, liz).
parent( bob, ann).  parent( bob, pat).
parent( pat, jim).

?- parent( X, Y).

X =pam
Y = bob;
X =tom
Y = bob;
X =tom
Y = liz;

Aoyikog [poypappoatiopnog
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5

% Our example program can be asked still more complicated questions like:

Who i1s a grandparent of Jim?

¢ As our program does not directly know the grandparent relation this query has to be
broken down into two steps:

(1) Who is a parent of Jim? Assume that this 1s some Y.
(2) Who is a parent of Y? Assume that this is someX .

Aoyikog [poypappoatiopnog
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5

¢ Such a composed query is written in Prolog as a sequence of two simple ones:
?- parent(Y, jim), parent( X, Y).
The answer will be:

X =bob
Y = pat

¢ If we change the order of the two goals the logical meaning remains the same:

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

Aoyikog [poypappoatiopnog
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5

* In a similar way we can ask: Who are Tom's grandchildren?

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

X =Dbob
Y = ann;
X =bob
Y = pat

Aoyikog [poypappoatiopnog
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5

¢ Yet another question could be: Do Ann and Pat have a common parent? This can be
expressed again in two steps:

(1) Who 1s a parent, X, of Ann?
(2) Is (this same) X a parent of Pat?

The corresponding question to Prolog is then:
?- parent(X, ann), parent( X, pat).

The answer 1s:
X =Dbob

Aoyikog [poypappoatiopnog
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AoKNoEeIg ue EpwTROEIg

¢ Assuming the parent relation as defined in the previous slides, what will be Prolog's
answers to the following questions?

(a) parent(jim, X).

(b) parent(X, jim).

(¢) parent(pam, X), parent( X, pat).

(d) parent(pam, X), parent(X, Y), parent( Y, jim).

Aoyikog [poypappoatiopnog
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(a) no
(b) X = pat
(c) X =Dbob

(d) X=Dbob, Y=pat

Aoyikog [poypappoatiopnog
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AoKNoEeIg ue EpwTROEIg

¢ Formulate in Prolog the following questions about the parent relation:
(a) Who 1s Pat's parent?
(b) Does Liz have a child?
(¢) Who is Pat's grandparent

Aoyikog [poypappoatiopnog
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(a) 7- parent( X, pat).
(b) ?- parent(liz, X).
(c) ?- parent(Y, pat), parent( X, Y).

Aoyikog [poypappoatiopnog
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Kavoveg

* Evownpépovoeg oulevktikég epmtnocig kaBopilovv oyEoelc aveEaptnTta dAA®mY
TOPAYOVTOV.

e H epaotnon father(haran,X), male(X)? potdel yio Evav yio tov Haran.

e H epoton father(haran,X), father(X,Y)? potdel yio €yyovia tov Terach.

¢ AVTO Hog QEPVEL GTNV TPITN KO O GNUOVTIKT ONAWMGCT) GTOV AOYIKO
TPOYPALUATIOUO, O Kavovags (rule), o onoioc pog kaf1otd 1kavovs 6To Vo
Koabopicovue vEEC GYEGEIC GTOVE OPOVE TOV VPLOTAUEV®V CYECEMV.

Aoyikog [poypappoatiopnog
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Kavoveg

* O kavoveg gtval ONAMGELS TG LOPPNG:
A <—B], Bg, C e ey Bn
omov n = 0.
To A givon n Ke@aAn TOL KavOva Kot T B; vl To GO TOV.
Toco 10 4, 060 Ko Ta B; €lval 6TOYOL.

L)

» O1 KaVOVEC, Ta, YEYOVOTA KOl 01 EpMTNGELC Kaiovvtan eniong @pacels Horn (Horn
clauses) 1 ev cuviouia @paceLs.

® YNUEIMOTE OTL EvaL YEYOVOG ElvOl ATAMS oL ELOTKT TEPIMTTMOOT EVOC Kavova, Otav n = (.

1)

4

L)

1)

* Ta yeyovota kaAovvtou emiong povaolaieg pacelg (unit clauses).

4

L)

* Yrdpyet eniong €va €101KO OVOUOL Y10, PPAGELC LE EVOV GTOYO UEGO GTO GO, ONANON
otav n = 1. Mo té€tolo @pdion KoAsiton emavainmTikny @paon (iterative clause).

L)

0

¢ Ooo0 yio t1g petafAntég mov epueaviCovial péca 6 Kavovee, Bempovvtor 0Tt
Bpiockovton oty euPéreto KaABOAMKOV TOGOOEIKTMV TOV N EKTOCT] TOVS Elval OAOC O
KOvOVaLC.

Aoyikog [poypappoatiopnog 70




Kavoveg
¢ 'Evag kovovac o omoiog ekppdlel tnv oyéon vidg (son) ivou:

son(X,Y) < father(Y,X), male(X).

¢ Ouoimg pmopel va kabopicel £vag Kavovag yio Ty ox€on e KOpng:

daughter(X,Y) < father(X,Y), female(X).

¢ 'Evog xavovag yio tnv oyxéon manmov givol o eENG:

grandfather(X,Z) «— father(X,Y), father(Y,Z).

Aoyikog [poypappoatiopnog
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Kavoveg
O1 KavOveG UmopovV va. EEETOGTOVV UE OVO TPOTOVG.

 Ilpota, eivon €va péco pe 1o omoio ekppalovror véeg | GOVOETEG EPMTNOELC
YPNCLLOTOLOVTOG OTTAES EPMTNCELC.

* M epaytnon son(X, haran)? oto npdypapupo To oroio Tepthaupivetl Tov
TPONYOVLEVO KOVOVO EIVOL LETAPPAGUEVO GTNV EpMTNON father(haran,X), male(X)?
GUULOMOVA, LLE TOV KAVOVA, KOl ADVETOL OTTMC TPOTYOLUEVAG.

* H epunveio kavovov pe avtd Tov TpOTo, AmMOTEAEL TV OLUOIKUCTIKI] EPUNVELD,
(procedural meaning).

e H dwodwkaotikn epunveia yio tov Koavovo Tov Toanmmov ivar:

"No, oavIGovUE OTNV EPMOTNON: eival 0 X 0 Toxmods Tov Y7, amavT®VToS T GLLEVKTIK
epwNoN: eivar 0 X o matepag tov Z kot 0 Z o wotépos tov Y.
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Kavoveg

¢ H oebtepn dmoyn yia Tovg Kavovec Byaivel amd v LETAPPACT] TOL KAvOva OTm¢ Eval
AOY1IKO aciopo.

L)

¢ To avdmooo Bérog "«" ypnoluomoleital yio va, 0€iEeL AOYIKT) GUVETELQL.

** O kavovag v10¢ (son) EPUNVEVETOL (OG:
e O X givar vio¢ Tov Y, av o Y glval o matépac tov X kot o X givar dppev'.

L)

L)

» Kato and autd 1o mpicua o1 kavoveg eivan Eva LEco Kkafopiouon vEmv 1 cOVOETmV
GYECEMV YPNOILOTOIMVTOC AAAES, AMAEC CYECELC.

L)

* H epunveio avtn evoc kavova etval yvootn o¢ 11 onAOTIKN epunveta (declarative
meaning).

L)
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Kavoveg

¢ To va evomuaTOGOLUE KOVOVEC GLUTEPACUOTOAOYING LEGH GTO TAOIGLO TNG AOYIKNC
ATOOEIENC OTO TAOIGLO, TOV AOYIKOU TTPOYPOLLULATIGUOV, ¥PEWNLOUAGTE TNV OpYT TOL
['evikevpévov Modus Ponens (M.P.).

¢ Opwoudc: H apyn tov IN'evikevuévov Modus Ponens (M.P.) Aéet 011 and tov Kavova
R=(A«< Bl B2, ... Bn.)
Kot Ta yeyovoto  B1’. B2’. ... Bn’.

10 A’ umopel va KaTtaAnEel GLUTEPACLLAL, OV
A’«—BIl’ B2, ..., Bn’

gtval €va 6Ty oTLumo 1oL R.
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Kavoveg

** 'Eva 0épa mov oyetiletal pe Toug Kavoveg eivot To Katd mdco ival TANPELS.
Katd 1060 onAaon ekepalovy UE GUVETELN AVTO TOV TPOYUATIKA OEAOVLE VO TTOVLLE.

 TNo mopdderypo, o Kavovag Tov £yel 000l yio 1o 10 (son) elvon 6wGTOC, AL sival
EAMMTNC 0 OPLOUOG TNG GYEGNG.
'Etot, dev umopovpue va coumepAvouvue 0Tt 0 Isaac gival viog tne Sarah.

¢ Avto 10 omoio Asimet, ival 0TL To Todl umopet var elvar VIO UG UNTEPAC OTMC VIOG
evoc matépa. 'Evag vEog kavovag mov eKpAleL TNV oyEon Unopel va TpooTebed,
GUYKEKPIUEVOQL:

son(X,Y) «<— mother(Y,X), male(X)
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Kavoveg

¢ IMapduoia, yio va kabopicovue TV cuyyévela Tarxmoigs 1 yioyio, (grandparent) Bo,
UTOPOVGALE VO TTAPOVLLE TECGEPLC KAVOVES Y10, VO GUUTEPTAAPOVLE Ko TIC OVO
TEPIMTWGELS TaTéPQ (father) kou untépog (mother):

grandparent(X,Z) <« father(X,Y), father(Y,Z).
grandparent(X,Z) < father(X)Y), mother(Y,Z).
grandparent(X,Z) < mother(X,Y), father(Y,Z).
grandparent(X,Z) «— mother(X,Y), mother(Y,Z).
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Kavoveg

Yndpyetl Evoc KaADTEPOC, MO GUVETTVYUEVOGS, TPOTOC Y10 VA, EKPPAGOVLE AVTOVC TOVG
KOVOVEC.

 Xpealopaote vao opicovue v Pondntikn oyéon, yovéog (parent) OT®C ival EVOC
TOTEPOC 1 L0, UNTEPOL.

¢ M£poc avtng ¢ OuvaTOTNTOS TOL AOYIKOV TPOYPOLLATICUOD Eival TO Vo armopavOel
GTO Tl EVOLALEGO KATNYOPNUOTO VO, KAOOPIGEL YL VoL ETLTVYEL Lo TTATPT), KOUWYT
onuiovpyia VO aCIMUOTOC LG GYECTC.

¢ Avrtoi o1 Kavoveg o1 omoiot opilovv 10 yovéa (parent) eivau gvbeic, cuAlaupavoviog
TOV OPIGUO EVOC YOVEN MOC TOTEPU 1] UNTEPOL.
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Kavoveg

parent(X,Y) «— father(X,Y).
parent(X,Y) «<— mother(X,)Y).

O1 KavOveG Y10 TOV D10 (Son) Ko TOV Yovéo (grandparent) Vol TOPA, TEPIGCOTEPO
ELOIKEVUEVOL:

son(X,Y) < parent(Y,X), male(X).

grandparent(X,Y) «— parent(X,Z), parent(Z,Y).

¢ Mo cuAAoYY KOVOVOV LE TO 1010 KaTnyopnuo. otV KEQAAT, OTm¢ To Levydptl TV
KOVOV®V TOL YOVEX, OVOUALETAL Otadikooio (procedure).

* Oa dovue apyoTEPA OTL KATM 0O AOYIKN LETAYANDTTION CLTOV TOV KOVOV®V GTNV
Prolog, t€to10 GuALOYN KOAVOVOV Elvan OVTIMC TO AVAAOYO TMV OL0OTKACIDV 1|
VTTOPOVTIVOV HEGO GE GLUPATIKEC YAMGGES TPOYPUULATIGLLOV.
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Kavoveg otnv Prolog
O X gtvai g€yyovoc tov Y av o X givon mondi kdmotov Z kot o/m Z givon monodi tov Y.

grandchild (X,Y) :- child (X,Z), child (Z,Y).

head (kepoAn) body (coua)
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79




Kavoveg kail 2uleUgeig

¢ A man is happy if he is rich and famous might translate to:
happy(Person).-
man(Person),
rich(Person),

famous(Person).

e The “,” indicates the conjunction and 1s roughly equivalent to the * of predicate
calculus. Therefore, read “,” as “and”.

e In this single clause, the logical variable Person refers to the same object throughout.
e By the way, we might have chosen any name for the logical variable other than

e Person. It 1s common practice to name a logical variable in some way that reminds
you of what kind of entity 1s being handled.
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Kavoveg Kal AlaleUgelg

¢ Someone is happy if they are healthy, wealthy or wise, translates to:
happy(Person).-
healthy(Person).
happy(Person).-
wealthy(Person).
happy(Person).-
wise(Person).

¢+ Note how we have had to rewrite the original informal statement into something like:
Someone 1s happy if they are healthy OR
Someone 1s happy if they are wealthy OR
Someone 1s happy if they are wise
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¢ Me @AAo TpoOTO:

Kavoveg Kal AlaleUgelg

happy(Person).-

healthy(Person),; wealthy(Person), wise(Person).
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Kavoveg kail 2uleueic Kal Alaleugelg

¢ We combine both disjunctions and conjunctions together. Consider:
happy(Person):-
healthy(Person),woman(Person).
happy(Person):-
wealthy(Person),woman(Person).
happy(Person):-
wise(Person),woman(Person).

¢ This can be informally interpreted as meaning that:

“A woman is happy if she 1s healthy, wealthy or wise”
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Napadeiypata kavovwy o€ Prolog

¢ IMapdoctypo 1:

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

mother (X, Y) :- parent (X)Y), female (X).

father (X)Y) :- parent (X)Y), male (X).

sibling (X,Y) :- child (X,Z), child (Y,Z), notequal (X, Y).
sister (X,Y) :- sibling (X,Y), female (X).
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Napadeiypata kavovwy o€ Prolog

¢ Iapdostypo 2:

related (X, X).

related (X)Y) :- married (X,Y).

related (X)Y) :- child (X,Z), related (Z,Y).
related (X)Y) :- child (Z,X), related (Z,Y).
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Noyikeg MeTaBAnTéG Kal Kavoveg

¢ In the DEC-10 Prolog family, if an object is referred to by a name starting with a
capital letter then the object has the status of a logical variable.

all scots people are british

can be turned into:
british(Person):-
scottish(Person).

Note that Person is a logical variable.
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5

¢ One more example:
if you go from one country to another they you are a tourist

turns into:
tourist(P):-
move(P,Countryl, Country2).

where move(P,A,B) has the informal meaning that a person P has moved from
country A to country B.

¢ In the above rules there are two references to Person or P. All this means is that the
two references are to the same object, whatever that object is.
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Noyikeg MeTaBAnTéG Kal Kavoveg

¢ The scope rule for Prolog is that two uses of an identical name for a logical variable
only refer to the same object if the uses are within a single clause.

Therefore in:
happy(X).-
healthy(X).
wise(X).-
old(X).
the two references to X in the first clause do not refer to the same object as the
references to X in the second clause.

¢ Do not assume that the word logical is redundant. It is used to distinguish between
the nature of the variable as used in predicate calculus and the variable used in

imperative languages like BASIC, FORTRAN and so on.

¢ In those languages, a variable name indicates a storage location which may "contain'
different values at different moments in the execution of the program.

The logical variable cannot be overwritten with a new value.
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Noyikeg MeTaBAnTéG Kal Kavoveg

¢ For example, in C:
X=1; X=2;
results 1n the assignment of 2 to X.

¢ In Prolog, once a logical variable has a value, then it cannot be assigned a different
one.

The logical statement

X=1"X=2
cannot be true as X cannot be both "2' and "1' simultaneously. An attempt to make a
logical variable take a new value will fail.
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AOKNOEIG ME KAVOVEG

¢ Represent these statements as rules:

1. all animals eat custard

2. everyone loves bergman's films

3. jim likes fred's possessions

4. 1f someone needs a bike then they may borrow jane's
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AUceIc AOKNOEWYV
1. eat(X custard):- animal(X).

This can be paraphrased as "if X is an animal then X eats custard'.
We could also, but less satisfactorily, write

custard_eater(X):- animal(X).
2. loves(X,Y):- directed by(bergman,Y).
3. likes(jim,X):- belongs to(X,fred).

4. may borrow(X,bike,jane):- need(X,bike).
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AOKNOEIG ME KAVOVEG (2)

¢ Each of these statements should be turned into a rule with at least two subgoals (even

though some statements are not immediately recognisable as such):

1. you are liable to be fined if your car is untaxed
2. two people live in the same house if they have the same address
3. two people are siblings 1f they have the same parents
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Auceigc Aoknoewy (2)

1. liable for fine(X):- owns car(X,Y), untaxed(Y).

2. same house(X,Y):- address(X,Z), address(Y,Z).

3. siblings(X,Y):- mother(X,M), mother(Y,M), father(X,P), father(Y,P), not same(X,Y).

siblings(X,Y):-parents(X,M,P), parents(Y,M,P) , not same(X,Y).

Aoyikog [poypappoatiopnog

93




AOCKNOCEIG NE KOVOVEG (3)

+¢» Each of these statements should be turned into several rules:

1. you are british if you are welsh, english, scottish or northern irish
2. you are eligible for social security payments if you earn less than $ 28 per week or

you are an old age pensioner
3. those who play football, rugger or hockey are sportspeople
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Auceigc Aoknoewy (3)

1. british(X):- welsh(X).
british(X):- english(X).
british(X).- scottish(X).
british(X):- northern_irish(X).

2. eligible social security(X):- earnings(X,Y), less than(Y,28).
eligible social security(X):- oap(X).

3. sportsperson(X):- plays(X football).
sportsperson(X):- plays(X,rugger).
sportsperson(X):- plays(X,hockey).
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Aoknoeig (4)

¢ Here is a small set of problems that require you to convert propositions into Prolog
clauses. Make sure you explain the meaning of your representation:

.a=2>b
.avb—2>c
.aAnb=2c
.an(bve)>d

.—mavb

DN B~ W N =
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3. ¢c:-a, b.
4. d:- a, b.

Auceigc Aoknoewyv (4)

d:- a, c. (0O KavOVa ETLUEPICGLOV)

5. b:-a.
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Aoknoeig (5)

¢ Represent each statement as a single Prolog clause:
1. Billy studies AI2

. The population of France 1s 50 million

. Italy is a rich country

. Jane 1s tall

. 2 1s a prime number

. The Welsh people are British

. Someone wrote Hamlet

. All humans are mortal

O OO0 1 O L B WL

. All rich people pay taxes

10. Bill takes his umbrella if it rains

11. If you are naughty then you will not have any supper
12. Firebrigade employees are men over six feet tall
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Auceigc Aoknoewy (5)

1. studies(bill,ai2).

We have revised "AlI2' to "a12'. We could have simply put quotes around as in
studies(bill,'AI2").

2. population(france,50).
Note we have changed "France' to “france'.

3. rich_country(italy).
4. height(jane,tall).
5. prime(2).

6. british(X):- welsh(X).
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7. This 1s a trick question. The problem lies in expressing existential statements such as
“someone likes ice-cream" and so on. This 1s informally recast as there exists some
person such that this person likes ice-cream. In first order predicate logic, we would
formalise this as 3 x likes(x,ice cream). This can be turned into likes(whatshisname,ice
cream) (this 1s known as Skolemisation).

8. mortal(X).- human(X).
Note that, in the Prolog version, this "universal quantification' 1s implicit.

9. pays taxes(X).- person(X), rich(X).
10.takes(bill,umbrella).- raining.

11.no supper(X).- naughty(X).

Here, we might have tried to write —supper(X):- naughty(X). This 1s, however, illegal in
Prolog but not for syntactic reasons.

12.more than(Y,6.0):- employs(firebrigade,X), man(X), height(X,Y).
Or over six foot(X):- firebrigade employs(X).
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H eppnveia evog AoyiKoU TTPOYPAMMOATOG

* Opwonog: H epunveio (meaning), M(P), evdg Aoyikod wpoypdupatoc P, eivor to
GUVOAO TV GTOLYELMOMV LOVAOLAIOV PPAGE®V (ONA. GTOLYELMOMV KATYOPTLATWOV)
OV cvuTEPaivovTal amo 10 P.

¢ AmO TOoV OpIoUO QVTOV, EMETAL OTL 1] EPUNVELN EVOC AOYIKOV TPOYPALULOTOS TTOV
AMTOTEAELTAL OTTO GTOLYELDOT LOVO YEYOVOTa, O™ To IIpdypapua 8.1, eivor to 1010 TO
TpOypaupo. Me dAda Adyia, Yoo aAd TpoypAUUaTO, TO TPOYPOULO "onuaivel
akplPmc 0Tt avtd Ader".

\/

¢ Otav 10 Aoyikd Tpdypappo TEPLEYEL Kot KAvVOVES N KaBoAKE YeyovoTa, TOTE TPEMEL
vo, O1aTpEEoVUE 'VoEPA' TO TPOYPOLULLD Kol VO, BPoVUE OAEC TIC OVVATEC GTOLYELMOELS
LLOVOOLOLES PPACELS TTOV GLUUTEPAUTIVOVTOL ATTO TO TPOYPULLLLOL.

 Avto BéPaia dev eivar 1000 £0KOAO Yo Eva cOVOETO LOYIKO TPOYPOLLLLOL.
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H eppnveia evog AoyiKoU TTPOYPAMMOATOG

s Ipdypauua 8.2: O oyéoeic g BipAknc owkoyévelag.

father(abraham,isaac).
father(haran,lot).

father(haran,milcah).
father(haran,yiscah).

female(milcah).

female(yiscah).

male(lot).

male(isaac).

son(X,Y) < father(Y,X), male(X).
daughter(X,Y) < father(Y,X), female(X).
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H eppnveia evog AoyiKoU TTPOYPAMMOATOG

** Mg Bdon Tov mopamdvm opiouo, 1 EpUNVEIN TOL AOYIKOV Tpoypauuotoc 8.2 ival To
TOPUKAT® GUVOAO GTOLYELWOMV LOVAILOIOV PPAGEDYV :

{ father(abraham,isaac), father(haran,lot), father(haran,milcah),
father(haran,yiscah), female(milcah), female(yiscah), male(lot), male(isaac),
son(Isaac,abraham), son(lot,haran), daughter(milcah,haran),
daughter(yiscah,haran) }
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H eppnveia evog AoyiKoU TTPOYPAMMOATOG

¢ Opicape ko eEnynoope Ty £vvolo TG epuUnveiac evog Aoyikol TpoypAUIATOG,.
ANA0O1), LTTOPOVUE TOPA VO TTAPAYOLLE TNV EPUNVELN EVOS OTOL0VONTOTE AOYIKOD
TPOYPAULOTOG,.

¢ Oumg awtd dev apkel. O AOYo¢ eivarl OTL TPEMEL VL cLYKPIvovE TNV epunveia evog
TPOYPALLLOTOC LE TNV TPOGOOKMUEVT] GNLUOGIO TOV.

* Opwonog: H ntpooookmpuevn onuacio (intended meaning) svog mpoypdpupotog eivor
£Vl GUVOAO OO GTOLYELMOELS LOVAOLOIEC PPAGELC TOV 0PILoVTaLl ATd TOV GLYYPUPED,
TOV TTPOYPAULOTOC.
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H eppnveia evog AoyiKoU TTPOYPAMMOATOG

¢ AgvmoBécovpe 0Tl Eyovue Eva TPOYPULLO LE TIG OYECELS TOTEPAS, UNTEPAL, CPPEV,
Oniv kol BElovue va ypdyoovue Tov OpiGUO TG KOpH ¢ (daughter).
H npocdokmpevn onuacic Tov tpoypaupotoc eivot :

{ father(peter, george), father(peter, john), father(peter,maria),
mother(helen,georgia), mother(helen,roula), male(peter), male(george),
male(john), female(helen), female(maria), female(georgia), female(roula),
daughter(maria,peter), daughter(georgia,helen), daughter(roula,helen) }
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H eppnveia evog AoyiKoU TTPOYPAMMOATOG

» To mpodypauua Tov YpaPovue AOOV £YEl G EENG :
father(peter, george).
father(peter, john).
father(peter,maria).
mother(helen,georgia).
mother(helen,roula).
male(peter).
male(george).
male(john).
female(helen).
female(maria).
female(roula).
daughter(X,Y) < father(Y,X), female(X).

¢ Oumg 10 TPOYPOULLO. AVTO £YEL TNV TOPAKAT® EPUNVEIN :

{ father(peter, george), father(peter, john), father(peter,maria),
mother(helen,georgia), mother(helen,roula), male(peter), male(george), male(john),
female(helen), female(maria), female(roula), daughter(maria, peter) }
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H eppnveia evog AoyiKoU TTPOYPAMMOATOG

¢ Iopatnpovpue 0TL | oTOYEIMONG Lovadtoia pdon daughter(roula, helen) dev
ATTOOEIKVVETAL OTTO TO TTPOYPOULLLLOL. ZKEPTOUAOTE AlYO KOl KOTAUAYOVUE GTO
GUUTEPAG LA, OTL EEYAGAULE VO EIGAYOVUE TOV TOPAKAT® KOVOVO GTO AOYIKO

TPOYPOLLLLLL,

daughter(X,Y) «— mother(Y,X), female(X).

s Ipayuarti, TOpa T0 Aoyko TpdYpaupa sival TAnpéotepo. H epunveio tov
TPOYPAULOTOS EIVOL TOPA 1) TOPOKAT® :

{ father(peter, george), father(peter, john), father(peter,maria),
uother(helen,georgia), mother(helen,roula), male(peter), male(george),

male(john), female(helen), female(maria), female(roula),
daughter(maria,peter), daughter(roula,helen) }
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H eppnveia evog AoyiKoU TTPOYPAMMOATOG

¢ IHapdio owtd N otoryE®ONG povadtoia gpdon daughter(georgia, helen) dev
OTTOOEIKVVETAL ATTO TO TTPOYPOLLLLLAL.
2KEQPTOUOGTE ALYO KOl KATOATYOUUE GTO GUUTEPACUA OTL EEYACAULE VO ELGAYOVLE TOV
TOPOKAT® YEYOVOC GTO AOYIKO TPOYPOLLLLOL

female(georgia).

 Topa n epunveio TOLV TPOYPAULOTOS EIVOL TAVOUOIOTLN LE TNV TPOGOOKMUEVT
onuocio Tov.
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H eppnveia evog AoyiKoU TTPOYPAMMOATOG

¢ Aéue 6t éva Tpoypouuo eivor 0pBo (correct) avopopikd TPog KATOo,
TPOGOOKMUEVT onuacio M av 1 epunveia tov, M(P), eivan Eva vTOGHVOAO TOL M.
Me dAla Adyia, Eva 0pBO TPOYPAULLO OEV KOATOANYEL GE AMTPOGOOKTTO GUUTEPAGLLOTO
(Umopel OUMS Vo UNV KATOANYEL GE OAQ TO TPOGOOKMUEVO GUUTEPAGLLOTA).

» '‘Eva mpoypapua eivon migpes (complete) ovapopikd pe v M ov n M givan éva
VTOGLVOAD TS M(P).

Me dAla Aoy, Eva TANPEC TPOYPOULO KATOANYEL GE OAO TO TPOGOOKMUEVA,
cvunepAcuaTa (UTOpEl ETIONC VO KATOANYEL KOl GE GAAD GUUTEPACLATO).

» 'Etot, éva mpoypopuo P etvar op0oO Kot TANPES avopoptkd LE Lo TPOGOOKMUEVT
epunveia M ov M = M(P).
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NMpoypaupaTiIonog Baocewyv Nvwong

o Eexwvape ovatpéyovrog oto Ipoypaupa 8.1, v Bipiikn Pdon dedouévav, Kot T
aVENCT TNEG UE KOVOVEG TTOV EKPPALOVV TIC GYECELS OIKOYEVELOC,.

¢ H 1010 n) Bdion dedopévarv eiye t€ooepa Pactkd KOTYOpLOTA,
father/2, mother/2, male/l, xon female/l.
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NMpoypaupaTiIonog Baocewyv Nvwong

» Ilpémel va ypapov vEol KavOVEC Yid TIG 6YE0ELC ToV dev Kabopilovtal TAéov amd to
yeyovota, onAaon ti¢ father kou mother.

 KatdAAniot kavoveg eivor ol ENG:

father(Dad, Child) < parent(Dad, Child), male(Dad).
mother(Mum,Child) < parent(Mum,Child), female(Mum).
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NMpoypaupaTiIonog Baocewyv Nvwong

¢ 'Eva dAho mapddstypo yio TANPoQopiec Tov Umropovv vo avakKtnOovy omd TG omAEC
VITAPYOVGEC TANPOPOPIEC EIVAL O1 GYECELS AOEAPMV - brothers kau sisters.

% Atvovue évav xavéova yia tov brother(Brother,Sibling).
Brother(Brother,Sib) «— parent(Parent, Brother), parent(Parent,Sib), male(Brother).

¢ Avto dwaPdaleton og e€nc: "O Brother gival adeA@dg tov Sib av o Parent givail
TOTEPOC KOl TV 000 Brother kou Sib, kou o Brother gival apcoevikoc.”
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NMpoypaupaTiIonog Baocewyv Nvwong

* Yrdpyetl évo mpdPANUC 6TOV 0p1oud Tov 0dEAPOVL Tov 00ONKe Tapamdve. H epdtnon
brother(X, X)? tcavomotleital yio kAOe apceviko maloil X, mov 0ev GUUP®VEL LE TOV
TPOTO OV AVTIAAUPOVOLOGTE TNV GYECT ALOEAPOV.

* I va amoeevyBoiv T€T01EC TEPIMTOGELS OO TNV £VVOL0 TOV TPOYPELLLOTOC
EIGAYOLUE VA KATNYOPNUO ‘£, TOV GUVTACGETOL GE EVOOOLATAUEN :

e Terml # Term2. To Term1 # Term2 eival aAn0éc edv to Terml eivon drapopetikd and 1o
Term?2.

¢ IIpog t0 mapov, meplopiletan e otabepovc 6povs. Kat' apynv, umopel va opiotel amd
gvav ivako X#£Y yio kd0e 000 orapopeTikd dtoua X Kot ¥ 6tov TouE ToV
EVOLOLPEPOVTOG.

211 GLVVEYELN, TO oynua 9.1 divel tov katdAinio mivaxa yio to [Ipoypaupa 8.1.
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NMpoypaupaTiIonog Baocewyv Nvwong

¢ 2ynua 9.1: OpiCovtag v avicotnTa

abraham#isaac abraham+#haran abraham##lot
abraham#milcah abrahamz#yiscah 1saac#haran
1saac#lot 1saac#milcah 1ssac#yiscah
haran#lot haran#milcah haran#yiscah
lot#milcah lot£yiscah milcah#yiscah

¢ O véog KavOVvag Y10 TOV OEAPO Elvat:
brother(Brother,Sib) <
parent(Parent, Brother),
parent(Parent,Sib),
male(Brother), Brother # Sib.
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NMpoypaupaTiIonog Baocewyv Nvwong

¢ ‘000 Mo TOALEG GYEGELC VTAPYOVV, TOCO O EVKOAO EIVAL VO OPIGTOVV
TOAVTTAOKOTEPES GYEGELC.

s To IIpodypauua 9.1 opilet 11¢ oyéoeig uncle(Uncle,NieceOrNephew),
sibling(Sib1,Sib2), ko cousin(Cousinl,Cousin2).

s [pdypapua 9.1: Opilovtag Tic oYECEIC OIKOYEVELNG
uncle(Uncle, Person) «—

brother(Uncle,Parent), parent(Parent, Person).
sibling(Sib1,Sib2) «—

parent(Parent,Sibl), parent(Parent,Sib2), Sib1#Sib2.
cousin(Cousinl,Cousin2) «—

parent(Parentl,Cousinl),

parent(Parent2, Cousin?2),

sibling(Parentl,Parent2).

Aoyikog [poypappoatiopnog 115




NMpoypaupaTiIonog Baocewyv Nvwong

* Mo dAAN oxéon mov dev givar caPnc oty Pdon ed0UEVOV Lo OTKOYEVELOG ETVOL OV
M yovaika givon untépa. Avto kabopiletot ¥pnNoILOTOIOVTOS TIS 6YECGELS mother/2. To
véo oynua oyéong eivanr mother(Woman) kot opiletal amnd Tov Kavova.:

mother(Woman) «<— mother(Woman, Child).
Av1o dwPaletor: Mo Woman gival untépa €av givon untépa kdmowov Child.

¢ Ilpocé&te Ot1, Eyovpe YPNOIUOTOMGEL TO 1010 OVOLL KOTYOPLLO, mother, Y10 Va
TEPLYPAYOVLE OVO OLOUPOPETIKES GYECELS mother.
To katnyopnua mother 0€xeTal SAPOPETIKO aplOUd OploUAT®V, A.Y., EXEL
OLOPOPETIKT TOAAATAOTITO GTIC OVO TEPITTMGELC.

¢ I'evikd, 10 1010 OVOLO KOTNYOPTILATOS ONAMDVEL UL OLOLPOPETIKT OYECT], OTAV EYEL
OLLPOPETIKO aplOUd OPLoUATOV.
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NMpoypaupaTiIonog Baocewyv Nvwong

¢ H d6unon tov dedouévav eival GNUAVTIKE YEVIKA GTOV TPOYPOULOTIOUO KO ELOTKA
GTOV AOYIKO TPOYPOULOTICUO.

% Xpnoonoteital yio Ty opyavmon TV 0e00UEVOV KATE VOV OVGLOGTIKO TPOTO.

¢ O1 KavOveC UTopovV Vo, YPapovHV O aPNPNUEVA, OYVOMDVTOC AOTLOVTEG
AemTOUEPELEC.

 Ta mep1ocdTEPO TUNUATIKA TPOYPAULOTO LTOPOVV VO EMLTEVYOOVV LE ALTO TO TPOTO,
KOOMOC pio aALOYT) GTNV OVATOPACTAGT TOV OE00UEVOV 0EV GTUOLVEL QALY GE OAO
TO TPOYPOLLLOL, OTTMC POAIVETOL KO OO TO TOPAKAT® TOPAOELYLLO.
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NMpoypaupaTiIonog Baocewyv Nvwong

‘Ectom o1 akoAovBo1 000 TpOTOL aVATOPACTAGTC EVOC YEYOVOTOG GYETIKA UE Ll

OLAAEEN TAV®D GTNV TOAVTAOKOTNTO TOL 000N KE TNV AguTtépal amd TIc 9 ¢ T1c 11 amd
tov David Harel 6to ktipto Feinberg, aibovca A:

course(complexity,monday,9,11,david, harel,feinberg,a).

Kol

course(complexity,time(monday,9,11),lecturer(david,harel), location,feinberg,a)).

To TpmTO YEYOVOS OVOTTUPIGTA TO course MG ULt GYECT UETOED OKTM GTOLYEI®V - Eval
OVOoLO LoBMUOTOC, i LEPO, Lo, PO EKKIVIONC, Lol OPA TEPUATIGLLOV, TO OVOLO TOV
Aéxtopa, To EmmvVLLo Tov AEKTOpa, Eval KTiplo Kot pio aibovasa.

To de0tepPO YEYOVOC BETEL TO course G GYEGN TEGGAPWV GTOLYEI®VY - Eva Ovoud, EVa
YPOVO, Evav AEKTOopa Kol La, Tomtobecia pe mepliocodTeEPovs Opovs. O ypdvog
amoTEAEITOL OTO Lo LEPQ, Evay ¥POVO EKKIVNONC Kol Evay YpOVO TEPUOTIGLOD, Ol
AEKTOpEC £YO0VV OVOLX KOl ETOVLLO, Kot 01 Totobeciec mpocolopilovton amd Eva

KTiplo kot po aibovoa.
To de0tEPO YEYOVOC OVTIKATOTTPILEL TIO KOUWYA TIC GYEGELS TTOV VITAPYOLV.
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NMpoypaupaTiIonog Baocewyv Nvwong

H éxooon tov course pe t€coepa opicpota Otvel TNV OLVATOTNTO VO YPOPOVV TTLO
GUVOTTIKOL KAVOVEC AQAIPMOVTOS TIC AETTOUEPELES TTOV OEV £YOVV GYECT] UE TNV

EPOTNON).
To IIpoypapupa 9.4, mov akorlovdei, amotedeiton omd LEPIKA TapAdELYLOTA.

O kavovag occupied Bempel Eva KaTnyOpnUa LKPOTEPO 1) 160, TOV AVOTAPIGTATOL LLE
Evay 0vaolko £vBeto teAeotn <.

O1 xavdveg oV 0ev oyeTiCOVTOL LE TIC GLYKEKPLUEVES TILEC EVOS OOUNUEVOL
opicuatoc ogv ypetdletor va "yvopilovv" mmc eivar SoUNUEVO TO OPIGLAL.

o [ mapdoctypa, o1 Kavoveg yia duration Ko teaches ovamaplGTOOV GOPDC TOV ¥POVO M
time(Day,Start, Finish), 010t o1 ypovol Day M Start | Finish tov padnuoatog eival
emBounrol.

e avtifeon, o kavovag yio tov lecturer oev givot. Avto 00nyel 6 LEYAADTEPT
TUNUOTIKOTNTO, KOOMOC 1] avamopAcTasT) TOL YPOVOL UTopel va aAAAEEL Yopic va
ENMNPEACEL TOVC KAVOVEG TTOV OEV TOV EPEVVOVV.
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NMpoypaupaTiIonog Baocewyv Nvwong

o [pdypauua 9.4: Kavdveg ekpabnong

lecturer(Lecturer,Course) «—
course(Course, Time,Lecturer,Location).
duration(Course,Lenght) «—
course(Course,time(Day,Start, Finish), Lecturer,Location)
plus(Start,Lenght, Finish).
teaches(Lecturer,Day) «—
course(Course,time(Day,Start, Finish), Lecturer,Location).
occupied(Room,Day, Time) «—
course(Course,time(Day,Start, Finish),Lecturer,Room),
Start < Time, Time < Finish.
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NMpoypaupaTiIonog Baocewyv Nvwong

¢ Agv &yovue oploUEVOVC KAVOVEC Y10, VO OITOQAGIGOVUE oV o YpNOIUOTOI|GOVLE
oeoouéva M Oyt Exel 0mov OAa ta oedouéva eivarl amid, 1| Wn-ypnoILOTOINGN
OOUNUEVOV OEQOUEVMV ETTPETEL TNV OLOIOUOPPT] AVOTOUPACTOGCT).

¢ Ta TAeoOVEKTAUOTA TOV OOUNUEVOV OEOOUEVDV EIVOIL 1] GLUTAYTC AVOTOPACTOCT, 1|
omoio avTIKATOTTPILEL e peYaAdTEPN aKpifeta TV dmoyn Log yio. pie TEPITTMON Kol
N TUNUOTIKOTNTO.

¢ ITiotevovue 0T N EUEAVIOT EVOC TPOYPAULOTOS EIVOL ONUOVTIKT, 10t0iTEPO OTOV
apopd. dVoKoA TPOoBANUaTE. Mia KOAT) OOUNCT) TV 0EOOUEVOV UTOPEL VA, PEPEL
OLapopomoinem Otav mpoypauuatiCooue mepimAoka TpofAnuoro.
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3
2Tparnyikn AvalnTtnong otnv Prolog
«Katd BaBoo»
¢ Here are some facts assumed to be known:
Program Database

woman(jean).
man(fred).

woman(jane).
woman(joan).

woman(pat).

?- woman(jane).
¢ Prolog searches through the set of clauses from top to bottom. First, Prolog examines
woman(jean).
and finds that
woman(jane).
does not match.
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2Tparnyikn AvalnTtnong otnv Prolog
¢ Also, it 1s obvious that the next clause man(fred). doesn't match either.

¢ Prolog then comes to look at the third clause and it finds what we want.
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Mia atrAn Zudeucn

Program database

woman(jean).

man(fred).

wealthy(fred).

happy(Person).-
woman(Person),
wealthy(Person).

?- happy(jean).
no

¢ Why? Prolog tries to match:

happy(jean)
against

happy(Person)
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s We call this matching process unification. What happens here is that the logical
variable Person gets bound to the atom jean. You could paraphrase “bound" as “is
temporarily identified with".

¢ To solve our problem, Prolog must set up two subgoals. But we must make sure that,
since Person 1s a logical variable, that everywhere in the rule that Person occurs we
will replace Person by jean.

¢ We now have something equivalent to:
happy(jean):-
woman(jean),
wealthy(jean).
So the two subgoals are:
woman(jean)
wealthy(jean)

Here we come to our next problem. In which order should Prolog try to solve these
subgoals?
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¢ The answer is that the standard way to choose the subgoal to work on first is again
based on the way we read (in the west)! We try to solve the subgoal woman(jean) and
then the subgoal wealthy(jean). There 1s only one possible match for woman(jean):
our subgoal 1s successful.

*

L)

» However, we are not finished until we can find out if wealthy(jean).

L)

There 1s a possible match but we cannot unify

wealthy(fred)
with

wealthy(jean)
(However, Prolog is not finished yet. Once we reach wealthy(Person) with
Person/jean and it fails we move back(backtracking) to the goal woman(Person) and
break the binding for Person (because this is where we made the binding

Person/jean). We now start going from left to right again (if you like,
forwardtracking).)
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2U0euen kal Alacsun

Program Database

woman(jean). woman(jane).
woman(joan). woman(pat).
wise(jean). wealthy(jane).
wealthy(jim). healthy(jim).
healthy(jane). healthy(jean).
happy(P):-

healthy(P),woman(P).
happy(P):-

wealthy(P),woman(P).
happy(P):-

wise(P),woman(P).
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?- happy(jean)
Yes

?- happy(joan)
No

% The resolution process generates the subgoals healthy(joan) and woman(joan) from
the first clause for happy/1. In all, Prolog tries three times to match healthy(joan) as
there are three clauses for healthy/1. After failing healthy(joan), however, Prolog
does not try to solve woman(joan) |there 1s no point in doing so.

¢ There is another way of trying to prove happy(joan) using the second clause of
happy/1. The resolution process again generates subgoals wealthy(joan) and
woman(joan)| and wealthy(joan) fails. A third attempt is made but this founders as
wise(joan) fails. Now back to top level to report the complete failure to satisfy the
goal.
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?- happy(P)

¢ First, healthy(P) succeeds binding P to jim (P/jim) but when the conjunctive goal
woman(jim) 1s attempted 1t fails. Prolog now backtracks. It reverses along the path
until it can find a place where there was an alternative solution.

¢ Of course, Prolog remembers to unbind any variables exactly at the places where they
were bound.

¢ In the example we are using we again try to resolve the goal healthy(P) succeeding
with P bound to jane. Now the conjunction can be satisfied as we have woman(jane).
Return to top level with P bound to jane to report success. What follows is what
appears on the screen:

?- happy(P).
P=jane
Yes
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AOKNO€EIG

¢ Follow the execution of a number of different queries.
Program Database
a(X):- b(X)Y), c(Y).
a(X):- c(X).
b(l,2). b(22).
b(3,3). b(3,4).
c(2). c(l).
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?-a(l).

a(5) uses 1st clause new subgoals
b(5,Y) tries st clause fails
b(5,Y) tries 2nd clause fails
b(5,Y) tries 3rd clause fails
b(5,Y) tries 4th clause fails

a(5) using 1st clause fails

a(5) uses 2nd clause new subgoal
c(5) tries Ist clause fails

c(5) tries 2nd clause succeeds
a(5) using 2nd clause succeeds
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?-a(l)

a(1) uses 1st clause new subgoals

b(1,Y) uses 1st clause succeeds with Y=2
c(2) uses 1Ist clause succeeds

a(1) using 1st clause succeeds

?-a(2)

a(2) uses 1st clause new subgoals

b(2,Y) uses st clause fails

b(2,Y) uses 2nd clause succeeds with Y=2
c(2) uses 1Ist clause succeeds

a(2) using 1st clause succeeds
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?-a(3)

a(3) uses 1st clause new subgoals

b(3,Y) tries st clause fails

b(3,Y) tries 2nd clause fails

b(3,Y) tries 3rd clause succeeds with Y=3
c(3) tries 1st clause fails

c(3) tries 2nd clause fails

b(3,Y) tries 4th clause succeeds with Y=4
c(4) tries 1st clause fails

c(4) tries 2nd clause fails

b(3,Y) no more clauses fails

a(3) uses 2nd clause new subgoal

c(3) tries 1st clause fails

c(3) tries 2nd clause fails

a(3) no more clauses fails
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3
Evotroinon (Unification)

Given two terms, we say that they match 1f.:

(1) they are 1dentical, or

(2) the variables in both terms can be instantiated to objects in such a way that after the
substitution of variables by these objects the terms become identical.

For example, the terms date( D, M, 1983) and date( DI, may, Y 1) match. One
instantiation that makes both terms identical is:

D is instantiatedto DI
M is instantiated to may
Y1 is instantiatedto 1983

This instantiation 1s more compactly written in the familiar form in which Prolog outputs
results:

D =Dl
M = may
YI=1983
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5

On the other hand, the terms date( D, M, 1983) and date( D1, M1, 1444) do
not match,
nor do the terms date( X, Y, Z) and point( X, Y, 7).

Matching is a process that takes as input two terms and checks whether they match.
If the terms do not match we say that this process fails.

If they do match then the process succeeds and it also instantiates the variables in both
terms to such values that the terms become identical.
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5

As an example consider the following question:
?- date( D, M, 1983) = date( DI, may, Y1),
date( D, M, 1983) = date( 15, M, Y).
To satisfy the first goal, Prolog instantiates the variables as follows:
D = DI
M = may
Y1=1983

After having satisfied the second goal, the instantiation becomes more specific as
follows:

D =15
DI=15
M = may
YI=1983
Y = 1983
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¢ Unification 1s a two way matching process

s E.g. Match the term book(waverley,X) against book(Y, scott)
Result: book(waverley,scott)

*» E.g. X=fred succeeds
jane=fred fails because you can't match two distinct atoms
Y=tred, X=Y succeeds with X=fred, Y=fred
X=happy(jim) succeeds
X=Y succeeds, later, if X gets bound then so will Y and vice versa
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Evotroinon Zuvlstwy Opwyv

* E.g. happy(X)=sad(jim)

fails, because we the principal functors and their arities are the same for unification to
succeed.

4

L)

» data(X,salary(10000))=data(name(fred),Y).

succeeds, because, having matched the principal functors (and checked that the arities
are the same) we recursively try to match corresponding arguments.

1)

This generates two subgoals:

X = name(fred)
salary(10000) =Y

which both succeed.
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AOKNO€EIG

** Decide which is the case and, if the unification succeeds, write down the substitutions
made.

1. 2+1=3

Fails. We can tell immediately that 3 is an atom but what about 2+1? This does not
look like an atom, indeed it 1s not.

2. f(X,a)=f(a,X)
succeeds with X=a.
3. fred=fred
succeeds.
4. likes(jane,X)=likes(X,j1m)
Fails.
5. (X, Y)=1(P,P)
succeeds with X=Y=P.
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AoKnoeig 2
greek(socrates).
human(turing).

human(socrates).
fallible(X) :- human(X).

?-fallible(Y), greek(Y).
H Prolog ekiva amd tnv mpo1n oo aploTtepd KANGT TG EPMTNGNG TOV EIvOL 1
?-fallible(Y).
AVTY EVOTOLEITOL LLE TOV KOVOVO, KO YIVETOL ] AVTIKOTOACTOON:

?-human(Y), greek(Y).
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5

['tvetal n evomoinon Y=turing kou Tpa 1 EpAOTNOT Eivat:
?-human(turing), greek(turing).

H xAnomn opmg avtn 0ev umopel va tavtomondel. X1o onueio avtd 10 TPOYPOLLLLOL
omicBoopopel 6To onueio evomoinong g petaPAntc Y, tnv amodeGUEVEL KoL TV
gvomotel pe Y=socrates. Topa n epotnon yiverodt:

?-human(socrates), greek(socrates).

H xAnon avt tavtomoleital Kot 10N 0€V LIAPYOVYV EVOAAKTIKEC ADGELS, 1] OTAVINON
GTNV OPYIKN EpOTNON Elval Y=socrates.
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5

. OYMNUOTIKO:
?-fallible(Y) greck(Y).
[¥=X}

?-human{Y) ,greek(Y).

{¥r="Turing"} {¥Y="5Socratezs"}
?-greek{™Turing™). ?-greek("Socrates")
IO T Uy YV E L []

KdéBe kouPoc avtiotoryel otn tpéyovca epwtnot. Ta KAadld aviumrpocmmevovy Eva
VITOAOYIGTIKO Prua Kot YopakTnpilovtal amd EVOTOGELS LETAPANTOV.

€ TEPIMTOON TOL Pl KANOT) TOWTOTOEITOL LUE TEPLOGOTEPES OO Ui, TPOTAGELC TOV
TPOYPAULOTOC, TOTE OO TOV KOUPO avTd EEKIVOVV TTEPIGGOTEPO TOV EVOC KAMOLA.

To onueio avto givon Eva onueio omieBodopdunonc.
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The BOX Model of Execution

We regard each box as having four ports: they are named the Call, Exit, Fail

and Redo ports.
Call Exit Call Exit
parent(a,b). X — §f
parent(c,d). o
Flail Redo _Fail Redo

The Call port for an invocation of a procedure represents the first time the solution of

the associated goal is sought. Control then flows into the box through the Call port. We
then seek a clause with a head that unifies with the goal. Then, we seek solutions to all

the subgoals in the body of the successful clause.

If the unification fails for all clauses (or there are no clauses at all) then control would
pass out of the Fail port. There are also other ways to reach the Fail port.
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Control reaches the Exit port if the procedure succeeds. This can only occur if the 1nitial
goal has been unified with the head of one of the procedure's clauses and all of its
subgoals have been satisfied.

The Redo port can only be reached if the procedure call has been successful and some
subsequent goal has failed. This is when Prolog is backtracking to find some alternative
way of solving some top-level goal.

Basically, backtracking is the way Prolog attempts to find another solution for each
procedure that has contributed to the execution up to the point where some procedure
fails. This is done back from the failing procedure to the first procedure that can
contribute an alternative solution, hence, backtracking. When backtracking is taking
place, control passes through the Redo port.

We then, with the clause which was used when the procedure was previously successful,
backtrack further back through the subgoals that were previously satisfied. We can reach
the Exit port again if either one of these subgoals succeeds a different way |and this leads
to all the subgoals in the body of the clause succeeding| or, failing that, another clause
can be used successfully.
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5

Otherwise, we reach the Fail port. Note that, for this to work out, the system has to
remember the clause last used for each successful predicate. We reach the Fail port

¢ When we cannot find any clauses such that their heads match with the goal
¢ If, on the original invocation, we can find no solution for the procedure

¢ On backtracking, we enter the box via the Redo port but no further solution can be
found
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MNapadeiypa EkTéEAeong NpoypaupaTog

fl S, ¥ J
[T | cy Y|
i M, K | =0 |
dl 1,31 )
':'II‘:
cdl 2.4
cld)
b & |

Program Database
al XY -
biX.Y),
c(Y).
b{X.Y):-
di XY,
elY).
b{X.Y):-
fX).
c(4).
d(1.3).
d(2.4).
eld).
f(4).
2-a(X)Y).
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(e
Call: al X, Y)

Call: biXY)
Call: d{X.Y)
Exit: d{1,3)
Call: el3)
Exit: e(3)

Exit: bi1,3)

Call: cl3)

Fail: ol 3

Now backtracking

Hedo: b XY
Redo: e(d)
Fail: e(3)
Redo: d{X.Y)
Exit: d{2,4)
Call: e(d)
Fail: e(4)

Now backtracking

Call: fi X)
Exit: fi4)

Exit: bi4,Y)

Call: cl{Y)

Exit: ci4)

Exit: al4.4)
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AvadpOMIKOI KOVOVEG

¢ O1 Kavovec mov TePLypAednKay w¢ Tdpa opilovv véec oyéoelg pe faon Tig nom
VITAPYOVGES. Mo EVOLPEPOLCA EMEKTAGT) EIVAL O1 AVOOPOUIKOL OPIGUOL TOV CYECEMV
mov opilovv oyécelc e Ao Tovg e0vTovE ToVC. Katd £va tpOTo Umopovue vol 000 UE
TOUC OVOOPOUIKOVS KOVOVEC (G L0 YEVIKEVLGT EVOG GLVOAOUL UTN-OVAOPOLLKDV
KOVOVOV.
** 'Eoto ua oepd kavovev mov opilovy Toug Tpoydvous - Tammondes Kot Yioytideg,
TPOTOATTOVOEC KL TPOYIOYIAOES, K.AT.
grandparent(Ancestor,Descendant) «—
parent(Ancestor,Person),
parent(Person,Descendant).
greatgrandparent(Ancestor,Descendant) «—
parent(Ancestor,Person),
grandparent(Person,Descendant).
greatgreatgrandparent(Ancestor, Descendant) «—
parent(Ancestor, Person),
greatgrandparent(Person, Descendant).
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AvadpOMIKOI KOVOVEG

¢ Mmopovue vo 000UE Eva, GOPEC DTOJELYLLOL, TO OO0 UTOPEL VO EKPPACTEL OE VOV
Kovova Tov opiCel TN oyéon tov ancestor(Ancestor,Descendant):

[Ipdypaupa 9.5: H oyéon npoyovou

ancestor(Ancestor, Descendant) «—
parent(Ancestor, Descendant).
ancestor(Ancestor, Descendant) «—
parent(Ancestor, Person), ancestor(Person, Descendant).
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Napadeiypa o€ Prolog

parent(john, george).  parent(gregory, john).  parent(bob, gregory).

parent(joseph, bob).
predecessor(X, Z) :- parent(X, Z).
predecessor(X, Z) :- parent(X, Y), predecessor(Y, Z).

?- predecessor(X, george)

E T Y
X = john; s
X = gregory;
X = bob;
X — joseph predecessor

B —  — A

b
kS
1
|

!
1
h
|

:pre-.‘ecaﬁur
I
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NMNapadeiypa o€ Prolog 2
parent(john, george).  parent(nick, john)
predecessor(X, Z) :- parent(X, Z).
predecessor(X, Z) :- parent(X, Y), predecessor(Y, Z).

?- predecessor(nick, Y).
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Apy U1 £pETIG): 2- predecessor(nick,Y).

To wpoyponna:

1: parent(john, george).

2: parent(nick, john}).

3: predecessor(X,Z):-
parent (X, Z).

d: predecessor(X,Z): -
parent (X, Y) ,
predecessor({Y,2).

Apyut] £purTnGN: 7- predecessor(nick,Y).

A/\A

To wpdypoppa: parent (nick, Y) . parent (nick, 2),
predecessori{z , Y) .

1: parent (john, george).

2: parent(nick, john).

3: predecessori{X Z):-
parent (X 7).

d: predecessor(X,Z): -
parent (X, Y) ,
predecessor (Y, Z).

152
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Apyucn] £peyTN o) 2- predecessor(nick,Y).

O+ T

To wpoyponna: A T ST parent (nick,
1: parent(john, george) "I{’_J_,--’
2: parent(nick, john). =John

3: predecessor(X, Z):-
parent (X, Z).

i: predecessor({X,Z): -
parent (X, Y) ,
predecessor(Y,Z).

ApyuRt] EpOTYGN: 7- predecessor(nick,Y).

.‘/\

parent (nick , ¥Y) .

Y=jchil

Y=john

O

To mpoyponny:

1: parent({john, george).

2: parenti{nick, john).

3: predecessor(X,Z):-
parent (X ,2).

d:predecessor(X,Z): -
parent (X, Y) ,
predecessor(Y,Z).

predecessor (2 ,Y) .

parent (nick,
predecessor (Z,Y) .

al),

a),
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Apyuct] EpEITIG): 2- predecessor(nick,Y).

To wpoyponny:
1: parent(john, george).

2: parent(nick, john}).

3: predecessor{X,Z):-
parent (X, Z) .

4:predecessor{X, Z): -
parent (X,Y) ,
predecessor(Y,Z2).

parent{nlck Y.

/\O

parent (nick,
predecessor{E,Y}.

Z=john

Apyuc] £perTno): 2- predecessor(nick,Y).

To wporpon L
1: parent (john, george).

2: parent(nick, john}.
3: predecessor{X, Z):

. parent (K Z) *-__E_H‘-X—ia__
i:predecessor(X,Z): - .,_,_/—’—’_/>'
parent (X, Y) , -

predecessor(Y, Z).

4/\1\

parent (nick,Y) . parent (nick, 2Z),
Y=4oh predecessor (2, Y) .
=john

O

Z=7john
¥=john

John=X

predecessor (John , ¥Y) .
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To mpoypounlo:

1: parent (john, george).

2: parent(nick, john)
3: predecessor(X,Z):-

parent (X Z).

i: predecessor(X,Z): -

parent (X, Y),
predecessor(Y,Z).

Apyuet) epTNo1): 7- predecessor(nick,Y).

4/\

parent (nick,Y) . parent {nick, Z),
predecessor (2,Y) .

Y¥Y=john
Z=john

Y=John
predecessor (john Y) .

4////1 2y

e r o parent (john,
parent (john,Y) predecessor (Z,Y) .
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Apy U] £p@TN o) ?- predecessor(nick,Y).

4/\

To npoyponna: SR Al I - parent (nick, 2),
predecessor (2 ,Y) .

1: parent(john, george). Y=john
: parent (nick, john). Z=john

M3

Y¥=9ohn
predecessor (john, Y) .

3: predecessor(X,2):-
parent (X,Z). Y=g

4:predecessor(X,Z): -
parent (X, Y),
predecessor (Y, Z). £ (4ohn Y parent {(john, 2},
parent (john, Y) . predecessor{2,Y) .

rge
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To wpoypopLg:

=t

2: parent(nick, john)
3: predecessor(X,Z):-

parent (X Z).

4: predecessor(X,Z2): -

parent (X, Y),
predecessor(Y,Z).

: parent (john, george).

Apyuct) epTNGT): 2- predecessor(nick,Y).

4//\‘

parent (nick,Y) . parenti{nick, 2Z),
predecessor{(Z Y) .

¥=john
Z=john

Y¥="ohn

predecessor (john Y} .

parent (john, ¥Y) . parent {john, 2},

Y=george

Y=george

O

predecessor (2 ,Y) .
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To wporponl:

Apyucn] £perTno): 2- predecessor(nick,Y).

4/\

parent (nick,Y) . parent (nick, 2Z),
predecessor (2, Y) .

1: parent{john, george). ¥=john
a=-john

: parent (nick, john)

M

3: predecessor(X,Z):-

parent (X Z).

d:predecessor(X,zZ): -

parent (X,Y),
predecessor (Y, Z). ti{jJohn. ¥ P
parent (john, Y) . predecessor{Z,Y) .
Y=gEGrgE
Y:gEGrgE

predecessor (John , ¥Y) .

nt{:’locl;?lf 2) ,
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ApYuLt) EpOTIGT): 7- predecessor(nick,Y).

4//\

1o mpdypoppe: parent {nick,¥) . parent (nick, 2),
predecessor (2 ,Y) .

: parent(john, george). Y=jchni
2: parent(nick, john). a=john

et

Y=9john

: predecessor(X,Z):- predecessor (john,¥) .

arent (X, Z
p (X,2) . g -

(94}

4: predecessor(X,Z): -

parent (X, Y},
predecessor (Y, £ parent (john, 2Z),
rent (3o predecessnr{z Y).
Y=george Y— —genrge
=george pre ecessnr{genrge Y.
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Apyuen] EpOTNGN: 2- predecessor(nick,Y).

4/\A

parent{nick, 2Z2),

To RPOYPERNG. parent{nick Y} . d S
1: parent(john, george). Y="john predecessor (Z,¥) .
2: parent(nick, john). a=john
¥=john
3: PI‘EdEGESSGI‘(K;EZLEE 2) predecessor {john, Y) .
paren ) I
d:predecessor(X,Z): -
parent (X, Y) ,
predecessor(Y,Z). £ {3ohn Y parent (john, 2},
parent (john, Y) . predecessor (Z,6Y) .
Y=george AR
Y=george predecesghr{gecrge,f}.
hd
parent {george , Y) . parent (george, 2},
l predecessor {2, ,Y) .
fail i()

fail
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AvadpouikEG Aopeg Asdopévwy (AioTeg) otn Prolog

¢ O1 ovvOetol 6pot ¥PNCIUEDOVY GTNV AVOTOPACTUCT) CUVOETMV OVTOTTWOV EVOG
TpoANUOTOC, OTTMG Y10 TOPAOELY LD, O OPOG:

triangle(point(0,0), point(1,4), point(5,12))
0 OTO10C UTTOPEL VU, OVOTAPOAGTI|GEL EVOL TPLYMVO.

¢ Mo 101k katnyopio avadpokav cvvletmv opwv ivor n Alota (list).
[Ipdxetton yia pio cuvBetn doun mwov £xel cuvoptnolokd copPoro (functor) tnv
TEAELD «.» EVD TOL OPICUOTA TNG UTOPEL VO EIVOL OTOLOONTTOTE OPOL, OKOUT) KOl AAAEC
AMoTec.
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Aioteg otnv Prolog

¢ M Aiota Prolog avoamapiotatot pe pio akolovdio omwd omolovonmote aplOpd
otoyeimv. Ta otoryeio g Alotac TomobetovvTon pEca 6e aykOAES «[ ]» ko
yopilovtal petadd Tov pe Kouua «,». I'a mapdostyua, n AMota pe tpio otovyela, To a
10 b K01 T0 ¢ avamapictoror og [a,b,c].

¢ Iopaodeiypata:

[ice cream, coffee, chocolate] a list with three elements (all atoms)

[a, b, ¢, c, d, e] alist with six elements (all atoms)

[ ] a list with no elements in it (it is an atom)

[dog(fido), cat(rufus), goldfish(jimmy)] a list with three elements (all Prolog terms)

[happy(fred),[ice cream,chocolate],[1,[2],3]]a list with three elements! (first
element 1s happy(fred), the second is [ice cream,chocolate], a list, and the third 1s

[1,[2],3], another list.)
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Eidon Alotwv oTtnv Prolog

¢ Mia Aota umopet va givou:
e kevN (OnAaON o doun ywpic 6povc), n omoia cuuPoArileton pe []

e Lo doun pe ovo Opovg: v keean (head) mov gival to TpdTO GTOLYEID TN MOTOG KO
Vv ovpa (tail) mov eivar To vrOAOITO TUN LA TNG AloTaC.

¢ H Alota mov £xel kepain H kot ovpd T mapictaton o¢ [H | T ko aviiotoryel oto
ocvvOeto 6po .(H, T).
o [ly.[X|Y]=[f, 1 ¢ d]onuaive: X=1, Y =[r, e, d]

¢ H ovpd pag Alotog etvon mavta Aloto eved 1) KEQAAT UTopel va. Elvol 0To10GONTOTE
Opog, amAdc 1] cvvOeTog, axoun ko AMota. ['a Tapdoetryua, n Alota [[a, b], c] &xet
KEPOAN 1N Alota [a, b] kor ovpd ™ AMota [c].

Aoyikog [poypappoatiopnog 163




3
MNapadeiypa AId@OPETIKWY TPOTTWYV AVATTOPACTAONG

AiocTtag

[ann, tennis, tom, skiing]

head is ann and tail is [tennis, tom, skiing]
or

.(ann, .(tennis, .(tom, .(skiing, []))))
or

N\
AN
/

< N\
R

skiing []
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MapatApnon
¢ Note that the empty list appears in the above term.

¢ This is because the one but last tail is a single item list:
[skiing]

¢ This list has the empty list as its tail:
[skiing] = .(skiing, [])
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Mapadsiypara
Alota Kepain Ovpa
a, b, C] a [b, c]
11]Y] 1 Y
1,Y] 1 Y]
[a, b], c] [a, b} c]
1,2 | X] 1 2| X]
X, Y] X Y]
X | Y] X Y
f(a,b), [a]] f(a,b) [[a]]

Aoyikog [poypappoatiopnog
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(AuockoAo) NMNapadeiypa AioTag
[a, [b, c], d]

(a, [[b, c], d])

(a, .([b, c], [d]))

(a, .(.(b, [c]), .(d, []))
(a, .(.b, .(c, [1)),.(d, [])
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Evotroinon Aictwyv

AVO MoTeC Evomolovvtan EQOGOV £YOVV TOV 1010 aptBud otoryeimv Kol EQOGOV T
aVTIGTOLY0L GTOLYELOL TOVC UTOPOVV VO EVOTTOINH0oUV.

Aldota 1 Adota 2 Twéc petafintov

a, b, C] a, b, c, d] Fail

a, b, C] X, Y] Fail

a, b] a, X] {X =b}

3, b a | X] X =[b]}

(1), k, [1]] f(X), Y, Z] {(X=1,Y=k, Z=11]}
(1), k, [1]] f(X), Y [Z] X=1Y=k Z=[[1]]}
[a]] X Y] {X=[a], Y =[]}
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MNapadeiypata Evotroinong Aictwy
1. [b, a, d] =[d, a, b] fails as the order matters
2. [X]=b, a, d] fails, the two lists are of different lengths
3. [X| Y] = [he, 1s, a, cat] succeeds with X =he, Y = [is, a, cat]
4. [X,Y |Z]=]a,b,c,d] succeeds with X =a,Y =b, Z=[c, d]
5. [X'| Y] =[] fails, the empty list can't be deconstructed
6. [X | Y]=[[a, [b, c]], d] succeeds with X =[a, [b, c]], Y = [d]

7.[X| Y] =[a] succeeds with X =a, Y =[]

Aoyikog [poypappoatiopnog
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Napadeiyparta Evotroinong Aictwy 2
1. [a, b | X]=[A, B, c] succeeds with A =a, B=b and X = [c] (ko Ot X = ¢).
2.[a, b] =[b, a] fails.
3. [a]|[b, c]] =a, b, c] succeeds.
4. [a, [b, c]] = [a, b, c] fails (first list has two elements and the second has three).

5. [a, X] = [X, b] fails. (The first element of each list (the heads) can be unified with X =
a. Looking at the second elements, we need to unify X with b, but X = a so the process
fails.)

6. [a|[]] = [X] succeeds with X = a. (The list [a | []] is exactly equivalent to [a].
Therefore the problem becomes [a] = [X]. This unifies with X = a.
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5

7.[a, b, X, c] =[A, B, Y] fails. (The simple answer is that the left hand list has four
elements and the right has three, therefore these two lists will not unify. To see why, we
match the head elements, we get A = a. Throwing away the heads, we end up with [b, X,
c] = [B, y]. Repeating, we have B = b. Again, discarding the heads, we have [X, c] = [y].
Repeating we get X =y. We now end up with [c] = []. Fails.

8.[H | T]=[][a, b], [c, d]] succeeds with H=[a, b] and T=[[c, d]]. (The right hand list has
two elements: the first (head) is [a, b] and the second element is [c, d]. The head

clements unify with H = [a, b]. If we now discard the head elements we are left with
deciding whether T unifies with [[c, d]]. Succeeds with T=[[c, d]].)

9. [[X], Y] = [a, b] fails. (If we try to unify the head elements of these lists we have the
problem [X] = a. This fails.)
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ATTAO¢ Xelpiopog AioTwyv otnv Prolog

Suppose you want to stick the elements a, b and ¢ onto the front of the list X to make a
new list Y. This can be done with Y=[a, b, ¢ | X].

Conversely, suppose you want to take three elements off the front of a list X in such a
way that the remaining list, Y, 1s available for use.

This can be done with X=[A, B, C| Y]
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Avadpouikog Xeipiopog Aiotwy oTtnv Prolog

O yep1opoc TV MoTOV Yivetor cuvnlmc Le avadPOUIKOUS KOVOVEC, 01 OTTOT01 EMLTEAOVV
KOO0, AELTOVPYIO GTNV KEQUATN TNG AIGTAC KOl GTT] GLVEYELN KOAODV OVOOPO KA TOV
£VATO TOVG MGTE VA, EXITEAEGOVV TNV 10100 AELTOVPYIN KOl 6TV 0VPA TNG. ZVVNO®C
VITAPYEL EVOG TEPULOATIKOC KOVOVOS O OTTO10C AGYOAELTOL LE TNV TEPIMTMGCT TNG KEVNG
MoToc.

1. Av n Alota givon [] yopva tnv Tiun mov avouévetol yio to [ |

2. AAMog, kOye v Mota oe ovo tunuoata (head, tail) oovAeye e to head, dovAeye
avadpoukd pe to tail kot 6to TEA0C GLVOVAGE T AMOTEAECLATAL.
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3
MNapadeiypata xeipiopou AictTwyv otnVv Prolog

I1.x. Ebpeon teAevtaiov ctoryeiov Alotog.

[ va givon Eva otoryeio tedevtaio piog Alotag Oa mpémet:
1. elte va givon To LOVOOIKO GToLYElD pidc AMoTog
2. glte va, €lvoil TO TEAELTOLO GTOLYELD TNG OVPAS TNG

To katnydpnua last mov akoAovbel d€xeTal OVO opicuaTa:
To mpmto Oploua, eite eivon puio petafAntn, eite eivon Evag cuv. O6poc.
To debtepo Oplopa eivorn n Aota.

last(X, [X]).
last(X, [Head | Tail]) :- last(X, Tail).
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7
?-last(3, []). 2-last(c,[a.b,cl).

no
Mpopeom 2

T lasti{c,[b,c]).
?-last(2, [1, a2]).

Mpd-poem 2
no
Y—-last(c, [c¢]).
Tpémoem 1 Tpémoem 2
?-last(X, [2, a, 5, abc, 7]). S o
X=7 u ?-last(c,[]).
?- last(c, [a, b, C]). ETOTUYXEVEL

yes
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flpévpaipe . .
H svomoinon omotoypavel ?- last(x[2,a,5,abc, 7). Hpawy Ko

|2st(x [4]). 7 |ast(x,[2,3.5,a00,7]).

last{= [Head|Tail]):-

|ast(x, Tail).
o
PATPERHE - last(x [2,3,5,abc,7]). Hpi EXion
At [X]). %=X, Head=2, Tail=[a,5 abc, 7]} <l
last(< [Head|Taill)-  7- last(< [2.3,5,a0cC,7]).
|ast(x, Tail).

H svomou|jon meTuyoivel pe
my Tpotect 2 1ov
TPOYPOUNTTOS, KL

O POIrOVION 01 OO0 POTI TEG
CYTIKOTOG TG EL
uetefiinrov.
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Tlpaypagiyie
|ast{x,[¥]).

|ast(x [Head|Tail]) -
|ast(, Tail).

O ol pse TOD Kapova e TG

VP TIKATROTRTEIS JHeTa AR T oD
TRoRAFay amd 1o mposwobuevo Si
ic extedeorg, amotedsi v véa

KA o
Iipoypappa ; :
H svomoinon omoturydvel
lasti,[=]). last(x,[2,5,abc,7]).

|ast(x [Head| Tail]):-
|ast(, Tail).

Y- lastix [2.a,2,abc 7).
Iw=x, Head=2 Tail=[a,2 abc, 7]}

last(®,[a.5.abc,7]). detizepn Ko

?- last(x,[2,3.5.abc,7]).
%=, Head=2 Tail=[a 5 abc, 7]}

last(¥ [a,5,abc,7]). dettepn Edfon
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Tlpdypapipic

last(x,[X]).

last(x [Head| Tail];-  1astix[a,5,abc,7]).

|ast(x, Tail).

H evomoujon meTU)UiveL pE
v Tpotuct 2 1ov
RPOYTPEUUCTOS, KO

U POTOVIOL 01 CT0 POLTT TES
OVYTIKO TG THOEL
uetTofinoy.

Ilpéypagipie
lasti<,[¥]].

|ast( [Head| Tail]):-
|ast(, Tail).

0 go) pict TOD KoV e TG

P TIRATOTTmErG et ArTane mon
TO0FATEY & IO mOoRWoDevo SR
THC erTedsarc, amotedsi T vea

xAHom.

?- last(x,[2,3.5,abc,7]).
(%=, Head=2 Tail=[a,5,abc 7]}

last(¥[a,5,abc,7]). detitepr Ko
(%=, Head=a,Tail=[5,abc, 7]}

7- |ast(¥[2,3,5,abc,7]).
%=, Head=2 Tail=[a,5,abc,7])

last(x [a,5,abc, 7]).
[%=¥, Head=a,Tail=[5,abc, 7]}

last(x,[5,abc,7]). Toity Ko
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lpdypaipie f f
H svomoinon crotuyryovel

|2st([X]). |ast(¥,[5,abc, 7]
|25t [Head| Tail]) -
|ast(, Tail).

Tlpaypayisic
lastix,[#]).

last{«, [Head|Tail]y- 1astix[S abc,7]).
last«, Tail).

H svomoujon metuyivel pe
my xpodtoon 2 1o
TPOYTPUUNCTOS, KOl

O POFOVIOL 01 OO POATITES
VIO IOG TOGELS
uetefiintov.

?- last(¥,[2.3.5,abc,7]).
[¥=x Head=2, Tail=[a,5,ahc,7]}

last(x [a,3,abc,7]).
I¥=K, Head=a, Tail=[5 abc, 7]}

|ast(x,[5,abc, 7)), Toity Kdow

?- last(x[2,3.5.30C,7]).
[¥=x, Head=2 Tail=[a,5 abc 7]}

last(x [a,5,30bc,7]).
I¥=¥, Head=a,Tail=[5,abc, 7]}

|ast(¥,[5,a0c,7]). Toity Kdfow

[¥=¥, Head=3 Tail=[abc 7]} -
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IIpaypappu
last(x [X]).

last{=, [Head|Tail]):-
lastix, Tail).

10 ool L TOD FavOa e TG

VP TIRATAOTRICIC LeTaiAnTay mon
TooRAGay amd 1o mporwobuevo Sia
T#C erredeorc, amotedsl TV véa

HAR .
Ilpoypayipia f f
H svomninon ormotuyryavel
last(x,[X]). last(x [abc, 7]).

|last(x [Head|Tail]):-
|ast(x, Tail).

7 last(x [2,3,5,30C,7]).
1%=x Head=2,Tail=[a,5,abc, 7]}

last(x,[a,5,8bc,7]).
[%=x, Head=a Tail=[52,abc, 7]}

last(x,[5,abe,7]).

{*=X, Head=5,Tail=[abc,7])
last(x,[abe 7]). LEnapr Ko

Y- lastix [2,a .9, abc 7))
I#=x, Head=2 Tail=[a,2,abc, 7]}

last(x,[a,5,akbc,7]).
IW=¥, Head=a,Tail=[5,abc, 7]}

last(x,[5,abe, 7).
1=, Head=5,Tail=[abc, 7]}

last(, [abc, 71, Terapry KAfow
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IHpoppociiic
POPPUEEL ?- last(x,[2,a,8,abc, 7).

a5t [#]). =¥, Head=2, Tail=[a,5,abc, 7]}
last{« [Head|Tail])-  lasti<.[abc,7]).
lastix, Tail).

lastix,[2,9, abC, 7).

IW=¥, Head=a,Tail=[5,ahc 7]}
H svoromon metuyoivel pe

MY ApoTUcT 2 10U last(x,[5,abc,7]).

TPOYROHiTas, Kt =), Head=5, Tail=[abc, 7]}

JOO OO VIO O OO POALTT) TES

CYTIKUTOO TOGELS ) f
. lasti [abc, 7]). Térapmsy Kon

[¥=r, Head=abc, Tail=[7]} -
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Hporaop

AR ?- last(¥.[2,a,5,abc 7]).

St [X]). (X=X Head=2 Tail=[a,5 ahc 7]}

l@stix,[Head| Tail])-
st Tail).

last(x [3,5,80C,7]).
I%=X, Head=a,Tail=[3,ahc, 7]}

|last(¥,[5,abc,7]).

0 go) it TOD Kavova e TG
[¥=K, Head=5 Tail=[abc 7]}

AV TIKATATTROEIC eTafARTdw mon
TooRAGay amd To mporwobiero S

T extedeoric, amoreds! v vea last(<, [abc, 7]).
Ko [x=¥, Head=abc Tail=[7]}
last(=,[7]). ey Kdsjow
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Hpoypappe m immsi i
: ; be,7]).
H x}njon evormeiton pe 10
last(x,[¥]). 1ast{<,[7]). mpitn mpotoen Tov =2 Tail=[a,5,abc, 7]}
|ast(x [Head|Tail]) - et Ll i
novedpopn. I

lastix, Tail).
(., Tail) [¥=X, Head=a,Tail=[3,abc,7])

|ast(x,[5,abc,7]).
[¥=x Head=5 Tail=[abc, 7]}

last(x, [atc, 7]).
{#=x, Head=abc, Tail=[ 7]}

last(x [7]). gy EAfrom

=7 =)=} -
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MNapadeiypata xeipiopou AictTwyv otnVv Prolog

IL.y. member(X, [X | Tail]).
member(X, [Head | Tail]) :- member(X, Tail).
Y moloyiopdg av kdmoo ototyeio eivon puéhoc AMotac: member(X,L)

?-member (X, [a b, c]).
Epotmoeic:  Tpémm 1

{ﬁgﬁ Ipéomn 2

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

T pdreem N
?- member(b, [a, b, c]). (i) pomam £
Yes L] ?-member (X, [G]).
?- member(X, [a, b, c]). nﬁ:"‘jﬂ] ! Mo 2
=2 O  ?-member(X,[]).
X =b;
X=c MO TUYXEVE L
no
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Hpdypappe
mermber 3, [ X[Rest]). ?-mernber(4,[1,3,4,5])
memnbert [ Y] Fest]): ?-mernber(4,[1,3,4,5]) {¥=4, Y=1Rest=[34,5]}). - Arnxorootdoec
metmnhert 7 Fest).

H xinfon tovtommeinon e my

KEQULIY] ING GEVIEPTS APOTUCTS

10U TPOYPAUHOTOS KO

RO POOVIOL 01 U0 POITHIES

oynko oo 1aoel; (unifications).
[Mari dew svomotr|Bnrs

T KATITT) WE TNV TRLTH
TpOTaT,
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Hpéypaupa
metmber( X, [X[Rest]). ?-mermber(4,[1,3,4,5])
metnber [ Y] Fest] ). metrher4,[3,4,5]). {¥=4, Y= 1 Rest=[3,4,5]}.
mernhert X Fest),

memmher(d [3,4,5]).
Ko 1) égi1£pn) KANOT TOUTI0RMEITON UE
MY KEQuhT) ¢ dev1EpnS APOTOOTS {30'=4, ¥'=3, Rest'=[4,5]}. - Avnxoraotios
1OV TPOYPCEUUCTOS KO U POTOvIo o
OO PUITTES CWIKOIOG THOEL
{unifications).
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MNapadeiypata xeipiopou AictTwyv otnVv Prolog

IL.y. append([], L, L).
append([X | L1], L2, [X | L3]) :- append(L1, L2, L3).
Xvvévoon Aetav: append(L1, L2, L3) (Baie to L1 oto L2 pe anotérecua to L3)

H cvvévoon Aetov Paciletonl e 000 TopaTNPNOELS:
1. H cuvévmon piac AMota L pe pia keviy AMota ival o €0vtog TC.

2. Av n mpo1N AMota 0gv €lval KEVT], UTOPEL Vo YOPLoTEL 6€ KEPAAT Kot ovpd [X | L1].
Tote n ovvévmon e AMotag [X | L1] ko tng Alota L2 givar n Alota [X | L3] 6mov L3
elval TO amOTEAEG LD TNG GLVEVMOOTG TOV Alotwv L1, L2.

[XIL1]

Ed Li | | LZ |

L3

|x L3

[XIL3]
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Epwtoeic:

?- append(L, L, [a,b,d,a,b,d]).
L =[a,b.,d]

?- append([a,b], [c], L3).

L3 =[a,b,c]

?- append(X, [b,c], [a,d,b,c]).
X =[a,d].

Ipéypappa

append:[],List,List).

append] [X|L1], L2, [X|L3] - - append[a,b],[c,d] L.
append(L.1, L2 L3

H x)fon touvtommeiton ue my
KEQULIY] TNS GEVIEPTS APOTUOTS
10U TPOYPOUHCTOS KO

RO POOYIOL 01 OO pOiTIEg
CYNKOTOo10oel; (unifications).

Y- append;[a,b],[c,d].L).

{¥=a, Ll=[b], L2 =[c.d], L=[aL3]}. < Avrrcorasrioec
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@ I3
Hpéypappa
append’[],List,List), ?- append([ab],[c.d],L).
append([XL1],L2,[XL3]x- append([h],[c,d],.L3). {¥=a, L1=[b], L2 = [c,d], L= [a[L3]}.
appendL1,L2,L3).

append([b].[c,d].L3).
Ko 1 de01Epn KANOT TOUTOR0ELTON YE
MY KEPUAT] NG SEVTEPTIS APOTUOTIS {X'=h, L1'=[], L2 =[c,d], L3 =[bL3]}. < dvmiazasrdmec
10V TPOYPEUUCTOS KO U PETovYIo o1
O PUITIES UYTIKOTOG TOGEL
{unifications).
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Hpéypappa

appendi[],List, List).

append([X|L1],L2,[X|L3]):-
append(L1,L2 L3},

To copo 1oV Kovdwr PE TIG
CYTIKO IO TOGEL OV
TPOLKUYOY om0 10
aporyoupevo fruc dnuwupyel
Y EXOUEVT] KLNOT].

"~ append([a,b].[c,d].L).

{¥=a, L1=[b], L2 = [c.d]. L= [a]L3]}.

append([b],[c.d],.L3).

(30'=h, L1'=[], L2 = [c.d], L3 = [b]L3]}.

append([],[c,d],L3%).
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fim—
Hpdéypappa

appendl[].List,Listy. append([].[cd].L5%.

append( [ X|L1],L2,[XL3])-
append(L.1,L3 L35,

H 1pitn kinon 1ovtommerton pue
¥ TP TPOTUCT] 10U
RPOYPOUUCTOS, 1) 00T £1von
FEYOVOS DJTOTE KO 1) ovod po i
CIOMOT.

Y- append([a,b],[c.d].L).

{¥=a, L1=[b], L2 = [c.d], L = [a[L3]}.

append([t],[c,d],L3)

{30'=h, L1'=[], L2 = [c.d], L3 = [bL37}.

append([],[c,d],L3%.

{X"=[], List =[c.d], L3' = List = [c.,d]}. ~— dvrrraracsrdomec

Emroyia

Aoyikog [poypappoatiopnog

195




Hpéypappa

append([],List, List). 7- append([a,b],[c,d]L).

append([3|L1].02,[3L3]:- {¥=a,L1=[b]. L2 =[cd]. L= [a[L3]}.
appendi L1, L2 L3

append([b],[c,d].L3).

{30'=h, L1'=[], L2' = [c,d], L3 = [bL37}.
(LA=[c.d]}

sppend([].[c.41.L3). ity b
Aoy Jigov
[X"=[], List = [c,d], L3'=List = [c,d]}. owuuovpysite: petd T
"-tﬂ’fﬂ!ﬂ]!m" i
ERTELEOHC.
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Hpéypappa

append([],List,List). ?- append([ab],[c,d],L).

append! [ Z|L1],L2, [ XL3] - [¥=a, L1=[b], L2 =[c.d], L= [aL3]}.
append(L.1 L2 L3} (L3 =T[h,cd]}
£ AforTe T tz:-'mmlﬂ"
append([b],[c,d],.L3). Ty GUWENO Ty dtie

Aoy Aioney

IR HIOTPPEITEL R TE TO
[X'=h, L1'=[], L2 = [c,d], L3 = [b|[c,d]]} "ardfacue " oy

FRTELEGTHG.

Hpéypappa
Y- append;[a,b],[c,d].L).
L= [El,h,E,d]. Aﬁ&pmﬁgf

append[],List,List).

append [ X[L1],L2,[XL3] -
append(L1, L2 L3
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MNapadeiypata xeipiopou AictTwyv otnVv Prolog

IL.y. print a list([]).
print_a list([H | T]) :- write(H), print_a list(T).
Tonovel ta otoryeia piog AMlotac. To write/l1etvan built-in predicate Prolog.

ILy. pick(X, [X | Tail], Tail).
pick(X, [Head | Tail], [Head | Rem]) :- pick(X, Tail, Rem).
ECaymyn evoc ototyeiov and AMota: pick(X, L1, L2)
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MNapadeiypata xeipiopou AictTwyv otnVv Prolog

Oclovue va TpocsBEcovue Eva otoryeio o€ Hio omotadnmote (0L cuykekpiuévn) Béon
uéca o pia AMoto.

% Bnuo 1% H apykn Aiota yopiletal o e ——
000 Aloteg Listl kon List2 pe tn fonbeia
T0V append/3. B Lo
% Bnuo 2% To otoyeio Element wov L L
wpoKeLTon vo Tpootedel yiveTon n List
KEPAAT TNC 0€VTEPNC LITO-MGTOG KOl B 2o
npokvntel N Mota [Element | List2] o e — S
% Bnua 3°: Zvvevdvooue v mpdn Moo, _
List]l pe tnv [Element | List2] ko Hewast
TPOKLTTEL 1] Cnrovuevn Alota NewList. B 30
Hexd izt
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add(List, Element, NewList) :-
append(Listl, List2, List),
append(Listl, [Element | List2], NewlList).

?-add([a, b, c], 1, L).
=1, a, b, c];
=[a, 1, b, c];
=[a, b, 1, c];

=[a, b, c, 1];
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NMNapadeiypata Xeipiopgou Aiotwyv oThn Prolog

AvaoeTpoQPn AMGTOC

1°° Tpomoc:

* Brua 1o: Eqv n AMota etvon kevni, M
AVESTPOUUEVT AloTO TNG EIVaL ETIONG

KEV). Bripe: 1o
Head Tail

List

“ Bnua 20: Xwpilovue v apyikn Aloto

o€ KEQOAN Kol 0vPa. LSt

* Brua 30: Avtiotpépovpe tnv ovpd. B 20

BeversedTail Head

% IIpocOitovue TV KEQPOAN TNG OPYIKNG
MGTOG 6TO TEAOC TNC AVEGTPOUEVTC
ovpdc ue v Pondeia tov append/3. Brjpo 3o

BeverscidlisL

Reversedlist
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reverse([], []).
reverse([Head | Tail], ReversedList) :-

reverse(Tlail, Reversedlail),
append(ReversedTail, [Head], ReversedList).

?- reverse(fa, b, c], L).
L=[c, b, a]
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5

2° Tpbmoc:

2NV TEPIMTWOGCT OVTH, | KEQAAT] TNC APYIKNGS AGTOC TOTOOETEITAL GTNV KEPUAN L0
BonOntumc AMotog. H dwadwkacio eravalapufavetal yio tnv ovpad g apytkng Alotog.
Ortav n apykn AMota adeidcel, n fondntikn AMoto TeplEyel Ta GTOLYEIN TNS APYIKNC CE
aVACTPOPT GEPA — dpa Eival TO TEMKO OTOTELEG L.

reverse(List, ReversedList) :- bList LELIBIE
rev(List, ReversedList, []). s e

rev([], List, List). Es S

rev([Head | Tail], ReversedList, TempList) :- L [z, 11
rev(Tail, ReversedList, [Head | TempList]). [] [3.2.1]
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péypoppe ?- reverse([a,b,c] RList).

reverse(List Revlist):- ?- reverse([a b,c] FList). tList = [a.h,c], RevList=RList;.
rev List Fevlist,[]).

rew [] Few Few).

revi [Head| Tad] Fev, TempList):-
tresy, Tail Few [Head| TemplList] ).

H xinfon tovtommeiton pe 10
CYIICTOL0 KOTIopjue 100
RPOY PO UUOTOS KU U payovIol
01 D0 PUATIIES
YKo IO 10cEL (unifications).

(F AT raTarriaeic
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2
Hpdypappa 7- reverse([a,b,c] RList).

reverse List, Fevlist):- [Lizt = [a,b,c], BevList=RI1ist}.

rewi List RevList []). revi [a,h,c] RevList.[]).

resr [ ] Few Few).

rev [Head| Tail] Eew, TemplList) -
revl Tail Fev,[Head| Templist] ).

To copr 10V KoV LE TIS
CVIKOTOG TOGEL OV
RPOEKLYOY OO 10
AporyotpevD [irjpo Srouprel
Y EXOMUEVT] KANOT], 610
KOOI o prjues rev!3.
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Hpoypoupa ?- reverse([a,b,c] RList).
reverselList, RevList) - {List = [a,b,c], RevList=FList}.
rest Last, Fewlast [0 :
£, (1 ev(a. ] RevList []). - Avreraraordoec
rest [ Fev,Few). {Head=a, Tail=[h,c], Rew=FevList, TemplList =[]}.

revl [Head| Tail] Few, TempListy-  rew([ab,c] RevList,[]).
res Tail Fev,[Head| TetnpList] ).

H xifon tovtommeiton pe my
KEPUALT NG SEVIEPTS MPOTOOTS
10U KOTIYOPTHOT0g Tevy3 Ko
O POYOVIOL 01 R0 POLTITEG
cynKotostooel; (unifications).
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S
Hpoypappa 7- reverse([a,b,c] RList).

reverse List Bevlist):- [List = [a,b,c], FevList=FList}.

rewi List RevList,[]). revi [a,b,c], RevList,[]).

res [ Few Few). {Head=a, Tail=[b,c], Eewv=RevList, TempList =[]}
revi [Head| Tail] Few, TernpList):-
res Tail R ew, [Head| TernpList]). rest [b,c] Rev,[a]).

To copo Tov Kovdve pe 115
CYTIKOIOG THGEL ROV
TPOEKVYOY R0 10
ApoTyouuevo [T ue 61 pwouprel
THY EXOUEVT] KANOT].
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lpoypappa ?- reverse([a.h,c] RList).
reverse|List, Revlist):- {List = [a,b,c], FRevList=RList}.
rew List Fewlizst, []). cew([a.b.c] RevList,[])
rew [ ], Fev, Fev). {Head=a, Tail=[b,c], Fewv=FevList, TempLizt =[]}
rev [Head| Tail] Few, TernpList):-  rewi[b,c] Eew,[a]).
revi, Tail F.ev,[Head| TempList]). revi [h,c].Fev,[a]). o AurateoToec

{Head'=b, Tall' = [c], Fev'=Fev, TempList'=[a]}.
K i ég01£pn KANHoN TOUTORMELTON PE

Y KEQUAT] NS dEVTIEPNS APOTOOTS
TOU KOTIYO PHUCI0S KO U POyovyIoL ol
OO PO IES OVTIKOIOG THOEL
{unifications).
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Hpéypoppa

reverse List Fevlist)-
resi List Fewliast []).

revi[].Fev Eer).

rev [Head| Tail] Few, TemplList) -
res Tail Few, [Head| TemplList] ).

To cope 100 Kowiwe JE TG
YK IO TOOEL; TOU
RPOEKUWOY o700 10
APOTFouHEVD [y érpwou prred
THY ERMOUEVT] KAT|OT].

Y- rewerse[a,b,c] FList).
{List = [a,b,c], FevList=RIlist}.

rev[a,b,c] Fevlist []).

{Head=a, Tail=[b,c], Fev=FevList, TempList =[]}.

res [b,c] Fev,[a]).
[Head'=b, Tall' = [c], Fev'=Fev, Templist'=[a]}.

rev([c].Rev’,[b.a]).
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Hpéypappa 7- reverse([a,h,c] RList).
reverse(List, FevList):- {List = [a.b,c], RevList=RList}.

rest List Bewlast [10.

e D rev [a,b,c] Fevlist,[]).
rest ], Fewv, Fer), {Head=a, Tail=[h,c], Fev=FevList, TempList =[]}.
rew [Head| Tail] Fev, TermpListy:- rew([c] Rev' [ba]).
rew Tail Foew, [Head| TernpList] ). rew [b,c] Rew[a]).
[Head'=h, Taill' = [c], Eev'=Few, TempList'=[a]}.

H 1pim wkion mg revis rest [ c] Few' [b.a]). AvTRaTasaoec

TCUTOROELTO EXICTS UE TV _ ‘l‘-_

dev1Ep ApdTOCT 1OV {Head"=c, Tail"=[ ] Rev " = Rev', TempList"=[b.a]}.

KOTI O P U0 T0S Yevi3, Ko
RO POTOVIOL 01 OT0 POLTIIES
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Hpdéypappa

reverseLast Fevlisty-
rest List Fevlist []).

revi[].Rev.Eev). rewi[ ].Bev" [c.b.a]).

resr, [Head| Tal] Fev, TemplLast): -
res, Tail Few, [Head| TempLast] ).

H 1£1opn khion g rev/3
TCUTOROELTON PE THY TPRIN
RPOTOCT] 10U KOTTOpijUe1og, 1
OT0iE E1VO TEYOVOS OTOTE KO T
oV popT] CIONOId.

Y- reverse[a,b,c] FList).
{List = [a,b,c], Revlist=RIiat}.

res [a,b,c] FevLlist, []).
{Head=a, Tail=[b,c], Few=FevList, Templizt =[]}.
res [b,c] Few,[a]).

{Head'=h, Tail' = [c], Fev'=Fev, TempList'=[a]}.

res [c] Rev', [bal)
{Head"=c, Tal" =[], Rev " = Rew', TempList"=[b,a]}.

resr [ ].Eew',[c,ba]).

[1=[ ], Fev"'=Fev", Eev" =[c,ba]}.

o Avrraramrdoeic

Emroyia
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Hpéypappa ?- reverse([a,b,c] RList).
reverse{List RevList):- {List = [a,b,c], RevList=FList}.
resd List, BewLast, [10.

i ) res [a,b,c] FevLlist, []).
res [ Few FEewl, {Head=a, Tail=[b,c], Fev=FevList, TempList =[]}.
resr, [Head| Tal] Fev, TemplLast): -

rew( Tail, Rewv, [Head| TemmpList] ). res [b,c] Rev,[a]).
{Head'=h, Tail' = [c], Fev'=Fev, TempList'=[a]}.
[Fev'=[cb,a]}

H avdorpogry Aot "avefaiver”
O DG TEPE SISO TG
SRTEAEGNC HEGD TS AT TS
v g filnov Rev'™', Rev',

Rev® per Rev'.
Lpéypoppa 7- reverse([ab,c] RList)
reverse List Revlist):- [Lizt = [a,b,c], RevList=RList.}.
revi List, FevList,[]). {RewList = [c,b,a]}

H avdotpogy dlicoe "avePuiver”
res [ ], Few Few. OO VYA TEPE ETITEOR TG
rew( [Head| Tail] Rev, TempList) - m ﬁﬁ{ﬂzfjf

rew, Tail Fev,[Head| TemnpList] ). Rgp"[:z ; Rev’ : :
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Ap1BunTiKoi TEAEOTEG ZUYKPIONG

X>Y To X eivon peyarvtepo tov Y

X<Y To X givon KpoOTteEPO TOL Y

X>=Y To X elvou peyaAvtepo 1 ico tov Y
X=<Y To X givon KpoteEPO 1 160 T0L Y

X == O ap1Buntikéc Tiueg tov X kal Y elvon i€
X=\=Y Ot apBuntikég Tinéc Tov X kot Y ogv ivai

16EC

O1 TeAeGTEC OTOL UTOPOVV VO YPTGLULOTOLOVVINL GTO COUATO KAVOVOV UE GKOTO TOV
Eleyyo cuVONKOV petady apluamv Kol petoPAntov.
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Various kinds of Equality in Prolog

When do we consider two terms to be equal?

There are three kinds of equality in prolog.

The first 1s based on matching, written as:
X=Y

This 1s true 1f X and Y match. In contrast, when terms do not match we write
X\=Y

We also have:
El == E2

This 1s true 1f the values of the arithmetic expressions E1 and E2 are equal. In contrast,
when the values of two arithmetic expressions are not equal, we write

El =\=E2

Sometimes we are interested in a stricter kind of equality: the literal equality of two
terms. This kind of equality 1s implemented as another built-in predicate written as an
infix operator '=="'

Tl =T2
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This 1s true if terms T1 and T2 are identical; that 1s, they have exactly the same structure
and all the corresponding components are the same. In particular, the names of the
variables also have to be the same.

The complementary relation 1s 'not identical', written as:
T1\=T2

IIpocoyn! Ot tehecTtéc = Kal =:= €lval OL0POPETIKOL

H xAnon X =Y wpokarel evonoinomn tov aviikelweEvov X kot Y (epdcov eivar duvatn)
Avtifeta otV ékppaon X ==Y Aaupaver yopa aptOuntikdg vmworoyicuog

To katnydpnua \= aAnbedet av o1 600 Opot Ogv UToPovV va evoronbovv

[Ipocoyn! Ot teheotéc \= ko =\= givar d1apopeTIKOl
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2-1+2 =:=2+1.
yes

2-1+2 =2+]1.

no

?-1+A = B+2.
A=2
B=1

-f(a, b) ==f(a b).

yes

?-f(a, b) ==f(a, X).

no

ATTAQ TTOPOOEIYMATO
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-fla, X) ==f(a ).

no
?-X\==7.
yes

2-X=Y, X==7Y.
yes

-4 X faY)) ==1X f(a]))).

yes

P-3+4 == 4+3,
no

; . 218
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?-\+3+4 ==4+3. (M Goal succeeds if Goal does not true)

yes
?- 3+X = 3+4.
X=47 yes
?-3+X ==3+4.
no

Aoyikog [poypappoatiopnog 219




MNapadsiypa 1

To katnydpnua sorted/1 emtruyydvel edv | Alota TOL OEYETAL GOV OPIGLA IGO0V Elvat
TASIVOUNUEVT] 0€ AOEOVGA GELPD, OAALDG ammoTuyyavel. Ta Pruata oto omoio oTnpileTon
M AEttovpyio TOL KATNYOPUATOS Eivar:

1) E&v n Alota €xetl Eva 1 kavéva 6ToLyElo, eivat TASIVOUNUEVT).
2) Edv n Alota £xel 000 1 TEPIGCOTEPD GTOLYEID TOTE TPEMEL VA IGYDOLV 01 AKOAOVOEC
tpobmobecels:
20.) TO TPWTO GTOLYEIO TNC AMoTag givon LikpdTEPO 1N 160 OO TO OEVTEPO
2PB) n ovpd ¢ Alotag ivar TaStvounueEvn (avadpoutkn kAnon)
AKoAOVOEL 0 KMOTKOG TOV KOTNYOPT|LLOTOG:
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sorted([]).

sorted(] ).
sorted([X, Y | List]) .- X =<Y, sorted([Y | List]).
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Mapadsiypa 2

To katnydopnua list max/2 Bpiokel 1o u€yioto croryeio uoc Alotac. Buota:
1) E&v n Alota €xetl éva otoryeio, TOTE 0WTO €lvol TO UEYIGTO
2) Edv n Alota £yl 000 1 TEPIGOTEPO GTOLYEIN TOTE:

20 Bpiokel 1O UEYIGTO GTOLYELO TNC OVLPAC TNG (AVAOPOULKE)

2P) cuykpivel TO LEYIGTO GTOLXELD TNG OVPAC TNG LE TNV KEQAAT TNC AMoTog Kot
EMGTPEPEL TN HEYLOTT OO TIC OVO TUEC

[ v ovykpilon TV 0V0 aPlOUOV KAl TNV ETIGTPOPT] TOV UEYIGTOV YPNOILOTOLEITOL
TO KT YOpMNUa max/3 mov d€yeTon 000 apPOUNTIKES TIUEC GOV 10000 KO EMGTPEPEL
TO UEYOADTEPO GTOV TPITO TOL OPICLLAL.
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list max([X], X).

list max([X | Tail], M) :- list max(Tail, M1), max(X, M1, M).
max(X, Y, X) :- X>Y.

max(X, Y, Y) :- X=<Y.
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3
Ap1BunTIKoi TEAEOTEG

['a v ektédeon aplOuntikaov tpdcemv otnv Prolog vdpyovv o1 oyetikol TeAecTEC:

Teleotnc Eénynon

+ IIp6obeon

- Aopaipeon

* IToAAomA0G10GLULOC

/ Awaipeon

Mod YnoLouno ¢ otaipeonc LETAED OKEPOLMV
A Avvoun
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The “Reversibility” of Prolog Programs

Prooram Database

square(l,1).
square(2,4).
square(3,9).
square(4,16).
square(5,2)5).
square(6,36).
There are four kinds of query:
we can ask what is the square of a specific number
?- square(2,X).
what number has a specific square
?- square(X,5).
what entities are related by the square relation
?- square(X)Y).
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whether two specific numbers are in the relation to each other of one being the square
of the other.

?- square(2,3).

Unlike many other programming languages, we do not need different procedures
to calculate each of these results. This is a consequence of the declarative reading
of Prolog. Sometimes we say that the program for square/2 1s reversible.
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3
ATtrotipnon N amrédoon TIMAG oTnVv Prolog (Evaluation)

Y=2+1.

with the consequence that the term 2+1 1s unevaluated and the term Y 1s unified with the
term 2+1 with the result that Y 1s bound to 2+1.

Yis2+ 1.

In this case, the term 2+1 1s evaluated to 3 and Y 1s unified with this term resulting in Y
being bound to 3.
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3
ATtrotipnon (amodoon TiuNGg) otn Prolog (Evaluation)

We can use 1s/2 to implement a successor relation:
successor(X,Y):- Y 1s X + 1.

where it 1s intended that successor/2 takes the first argument as input and outputs the
second argument which 1s to be the next largest integer.

In the above, note that X + 1 1s intended to be evaluated.

This means that you must use the stated calling pattern as to try to solve the goal
successor(X,7) will lead to trying to evaluate X + 1 with X unbound.

This cannot be done. The result is an error message and the goal fails.

Olec o1 petafAntéc 01l TOL 1S TPEMEL VO, £YOVV TTAPEL TUUT) TN GTLYUN OV Oo EKTEAEGTEL
0 TeAecTNC 1S, aAMmc 1 Prolog avaeépel AdBoc ekTéleonc TPOYPALUOTOC.
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3
ATtrotipnon otn Prolog (Evaluation)

1s/2 must always be called with its second argument as an arithmetic expression which
has any variables already bound. So successor/2 1s not ‘reversible'. For these queries,

1. successor(3,X).
2. successor(X.,4).
3. successor(X,Y).
4. successor(3,5).

The Ist and 4th goals result in correct results (success and failure respectively)
while the 2nd and 3rd goals produce error messages and fail.
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S
MNapadsiypa 1

To katnyopnua gcd/3 0&yeton 6T OVO TPOTO OPIGUATA TOL OVO APLOLOVE Ko

EMGTPEPEL GTO TPiTO TOL OpIGUA TOV HEYLETO KOO otopetn (MKA) toug.

H Aoywkn tov givon 1 akdAovOn: eav o1 0vo apBuoi eivan icot, tote 0 MKA &gival ot 10101
ot aptBuoi. Eav o1 000 apiBuoti oev gival icot, apaipece amd tov LeEYOUADTEPO TOV
UIKPOTEPO Kol VITOAOYIGE TOV MKA NG 010p0pag Kol TOV apopeTEOV. AvTOC €ivan 0
MKA.

ged(X, X, X).
ged(X, Y, D) .- X<Y, Ylis Y-X gcd(X Y1, D).
ged(X, Y, D) .- X>Y, X1 is X-Y, gcd(X1, Y, D).

?- gcd(4, 12, D).
D=4
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5

Mapadsiypa 2
To katnyopnua sum list/2 tpocBétel OAa Ta GTOLYEID TNC MOTOS TOV OEYETUL GOV E1GO00
GTO TPMTO OPIGUE TOV KUl ETLGTPEPEL GTO OEVTEPO OPLGUA TOV TO OTTOTEAEGLLOL TG
¢Opotomnc Touc.
H Aoyum etval  axdrlovn: Av n Aota ivor kevr), To A0poiGLa T®V GTOXEIMV lvan
LUNOEV.
Edv n Alota dgv eivan kevN, TOTE VTOAOYIGE TO AOPOIGULA TOV GTOLYEI®V TNG OVPAC TNC,

TPpOGOEGE GTO AMOTELEG LA TNV TIUN TNE KEQPAANG TNC KOl ELEGTPEYE TO TEAEVTOLO
ATOTELEGLLOL.
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sum_list([], 0).
sum _list([H | T, Sum) :- sum_list(T, Suml), Sum is Suml+H.

?-sum list([1, 2, 3, 4, 5], X).
X =15
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Mapadsiypa 3
Ynoloyiopodg peyéfoug AMotac: length (L, N)

length ([],0).
length ([H | Tail], N) :- length (Tail, M), N is M+1.
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Mapadsiypa 4

To katnydpnua n_elem/3, pe mapausétpovc n_elem(N, L, X), emtoyydvel dv 1o
otoyeio X gtval to N-0610 ototyeio ¢ AMotog L.

H Aoyu tov katnyopnuotog eivot:
Eav N=1, kot to X tavtiCeton pe tnv KEQAAN TS Motog, TOTE TEPUATILEL EMTLYMC,.
Eav N>1, kou N1=N-1, t0te eAéyyetor av o X va eivan 10 N1-6106 6To1y€io g ovpdc.

n_elem(l, [X|T], X).
n_elem(N, [H| T], X) :- NI is N-1, n_elem(N1, T, X).

?-n_elem(3, [a, b, ¢, d, €], X).
X=c
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5

?-n_elem(N, [a, b, c, d, €], ¢).
error

Av1o opeidetar 610 YEYOVOG 0Tl 611 6Yéon N1 1s N-1 vrdpyovv dvo dyvoototl. Edv
OEéAape va eivan duvatn 1 emoTpo®n] NS BEonc evog otoryeiov e AMotac, Oa tpénel va
OPIGOVUE TO KOTYOPTLLO OC:

n_elem(l, [X| T], X).
n_elem(N, [H| T/, X) :-n _elem(NI, T, X), Nis NI+1.

n elem(N, [a, b, ¢, d, ¢], ¢).

7-n_
N=3
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Mepika xpnoipa karnyopnuarta Prolog
true/0
Always succeeds.
father(jim,fred).
1s logically equivalent to

father(jim,fred):- true.
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Mepika xpnoipa karnyopnuarta Prolog
fail/0
Always fails.

lives forever(X):-fail.
1s intended to mean that any attempt to solve the goal lives forever(X) will fail.
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$
Mepika xpnoipa karnyopnuarta Prolog
var(X) succeeds if X 1s currently an uninstantiated variable.
nonvar(X) succeeds if X 1s not a variable, or already instantiated
atom(X) 1s true if X currently stands for an atom
number(X) is true if X currently stands for a number
integer(X) 1s true 1f X currently stands for an integer
float(X) 1s true if X currently stands for a real number.

atomic(X) 1s true if X currently stands for a number or an atom.

compound(X)is true if X currently stands for a structure.
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ground(X) succeeds if X does not contain any uninstantiated
variables.

functor(T,F,N) 1s true if F is the principal functor of T and N is the arity of F.

arg(N,Term,A) i1s true if A is the Nth argument in Term.

?~functor(t(f(X),a,T),Func,N). 2-arg(2,t(t(X),[]),A).
N=3,Func=t? A=1]?
yes yes

?- functor(D,date,3), arg(1,D,11), arg(2,D,oct), arg(3,D,2004).
D = date(11,0ct,2004) ?
yes
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$
call( X) invokes a goal X. It succeeds 1f X succeeds.

The goal call(X) will call the interpreter as 1f the system were given the goal X.
Therefore X must be bound to a legal Prolog goal.

?- call(write(hello)).
hello

yes
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3
Mepika xpnoipa karnyopnuarta Prolog

repeat/0

If 1t 1s asked to Redo then 1t will keep on succeeding.
Repeat behaves as if defined by:

repeat.

repeat .- repeat.
test :- repeat, write(hello), fail.

The goal test produces the output:
hellohellohellohellohellohellohellohellohello...
It always succeeds the first time it is called, and 1t always succeeds on backtracking.

A clause body with a repeat/0 followed by fail/0 will go back and forth forever. This 1s
one way to write an endless loop in Prolog.
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A repeat/0 followed by some intermediate goals followed by a test condition will loop
until the test condition 1s satisfied. It 1s equivalent to a 'do until' in other languages.

command_loop:-
repeat,
write('Enter command (end to exit): '),
read(X),
write(X), nl,
X =end.

The last goal will fail unless end 1s entered. The repeat/0 always succeeds on
backtracking and causes the intermediate goals to be re-executed.
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XeIpIopog TG dpvnong otnv Prolog

Consider

man(jim).

man(fred).

?- man(bert).

no
To say that man(bert) is not true we have to assume that we known all that there is to
know about man/I.

The alternative is to say the no indicates don't know and this 1s not a possible truth
value!

Turning to Prolog, If we try to solve a goal for which there 1s no clause (as in the case
above) then we assume that we have provided Prolog with all the necessary data to solve
the problem. This is known as the Closed World Assumption.
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Y1o0eon Tou KAgeiotoUu Koopuou

H vr60eom tov KAe1oT00 KOGUOL vTOGTNPILEL OTL "Y1d Eva KATYOPTLLO TO GTLYULOTVTTO
Y18 TOL OTTO10L IGYVEL TO KATNYOPMUA Elval LOVO EKEIVOL TOV UTOPOVV VA ATodELY B0V e
TNV OTOOEIKTIKY) dtaotkacio tng Prolog".

20UV UE TNV bTOOEGT TOL KAEIGTOV KOGUOV, 1 AmoTLYio Vo, amooely el Eval
KOTNYOPN U (LE GUYKEKPIUEVES TTOUPUUETPOVS) GLVETAYETOL OTL 1] APVIGT] TOV LGYVEL.
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H apvnon otnv Prolog
Me 11¢ mpotdoelc Horn 0gv pumopovue va amooelkvOOVE APVNTIKEG TPOTACELC.

Qo1000, 1| Prolog emitpénet n yp1jon dpvnong 610 oL TOV KAVOVOV, LE YPNoTN TNG
OecUEVUEVNC AEENG not M YpdpovTag \+ (avdioya tnv £kdoom ¢ Prolog mov
YPNOLOTOLOVLE):

alive(X) :- not( dead(X)).

H A&En not umopel va epeaviCeton Lovo 6To GO TOV KavOvmv (OyL ONAad otnV
KEPOAT), KO EPUNVEVETAL OC EENG:

Edv pe Bdon 060 yvopilel TO TPOYPOULO OC TMPO OEV UTOPEGEL VO, OTTOOEICEL TO
dead(X), 16te unopei va vrobécel Ot 1oyveL To not dead(X).

H napandvo tpocéyyion eivar 1 "omdBeomn tov KAEIGTOV KOGUOL", a@oD LTOBETEL OTL
YVOPILOVUE TA TAVTIO GE GYECT] LE TO GLYKEKPIUEVO TPOPANUA, dpa O,TL OEV UTOPOVLE
VoL TO ooOEIEOVLE OEV 1GYVEL.
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H apvnon otnv Prolog

We now give an example which uses a rule to define women in terms of them not being
men.

Aoyika, yio kaBe X mov aviKel 6Toug avOpmdTOUS Kol Yo TO 0010 dev 16YVEL TO man(X),
Oa 1oyvel To woman(X).

>¢ Prolog:
man(jim,).
man(fred).
woman(X):- not( man(X)).

?- woman(jim).

no
The strategy i1s: to solve the goal woman(jim) try solving man(jim). This succeeds
therefore woman(jim) fails.
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2nueia Npoooxng
But there is a problem. Consider:

?- woman(jane).
succeeds

?- woman(anything).
succeeds

?- woman(X).

It succeeds if man(X) fails, but man(X) succeeds with X bound to jim. So
woman(X) fails and, because it fails, X cannot be bound to anything.
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Another problematic example:

r(a).
q(b).
p(X) - not(r(X)).

If we now ask

?-q(X), p(X).
X=b

If we ask apparently the same question

- p(X), q(X).
no

The reader 1s 1nvited to trace the program to understand why we get different answers.
The key difference between both questions is that the variable X is, in the first case,
already 1nstantiated when p( X) 1s executed, whereas at that point X 1s not yet
instantiated 1n the second case.
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To KaTnyopnua eAfyxou cut (aTTOKOTTN)

1/0

To cut 6tav ypnopomonBel aAAACEL TNV OLAOIKAGTIKT] GUUTEPLPOPE. TV AOYIKOV

TPOYPOLLATOV.
H Prolog yepiletar to cut cOLPOVA LE TOV TOPAKAT® OPIGUO.

"Yav 6TOY0G TO cut TAVTOTE EMTLYYAVEL, QALY 0EGUEVEL TNV Prolog o OAeC TIC EMAOYES
OV £YEL KAVEL 0td TNV GTIYUT] TOV 0 OUEGHOC TTPONYOVUEVOS GTOYOC ElYE evomombel ue
TNV KEQOAAN TOV KovOVa, 6ToV 0moio Bpicketor 1o cut”.

249
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MNapadeiypa atrokoTrng 1

uncle(X)Y) :-
brother(X Z),
father(Z,Y).
uncle(X)Y):-
brother(X,Z),
mother(Z,Y).

opiCel mote 0 X givon Beiog Tov/tng Y.
‘Eoto eniong 0Tt £(0LUE TO TOPAKATO YEYOVOTO.:
brother(bob, john).
brother(bob, nick).
father(john,ann).
Ochovue va eA&yEovue edv 0 bob eivau Bgiog g ann. ExteAovue Aowmdv v epaotnon:
?- uncle(bob,ann).
2TOV TPMTO KAVOVO, 1| TOPUATAVED EPMTICT TETVYOIVEL, LLE TIC EVOTTOMGELC X=bob,
Y=ann kot Z=john.
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S
NMapadeiyya amrokoTrng 1

H dwadikacio emoTtpEPel ENTUYOS, ®GTOGO Buudtal OTL TPEMEL KATOL0 GTIY U] GTO

LEALOV va eAEYEEL KO TO OEVTEPO KAVOV.

Me v amokonn uropov e va, KaBopiGove OTL EAV EMTVYEL O TPMTOC KAVOVAC OEV
ypeldleTon va eAeyy0el kot 0 0e0TEPOC. AVTO YiveTon ®MC EENG:
uncle(X)Y) :-
brother(X,Z),
father(Z,Y),
/

uncle(X)Y).:-
brother(X,Z),
mother(Z,Y).

['evikd 0tav 1 Prolog cuvavinoel pio ammokony), 0ev EAEYYEL TOVC ETOUEVOVS KOVOVES TTOV
EYOVV GTNV KEPOUAN TO 1010 Katnyopnua uncle/2 (EVOAAKTIKEG TPOTAGELS TOV 1010V TOV
Kovovo 6Tov 0moio Bpicketal), eved «Eeyvay OAO T0 EVOAAOKTIKG LOVOTATLO, TTOV
EVOEYOUEVOC ATTOUEVEL VO EAEYEEL QTTO TTPONYOVUEVEC KANGELS TOL 1010V Kavova, (GTNV
TPOKEIUEVT TEPIMTMOT EVAALOKTIKEG KANoELS 6Ta borher(X,Z) kot father(Z,Y), kaBm¢
KOl 0TO TPONYOVUEVOVS KOVOVES, EQOGOV VITTPYAV).
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$
Mapdadelypa atToKOTTNG 2
a(X, Y) :- b(X, Y).
b(X, Y) :-d(X), ! e(Y).
d(c).
d(d).
d(X) :- ¢(X, Z), g(2).
c(c, a).
g(a).
c(d, b).
g(b).
e(f).
e(g).
a(a, b).
b(g, h).

7-a(X, Y).
a(c, 1)

a(c, g)
a(a, b)
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H Prolog Ba tauprdéet to a(X,Y) pe v kepain tov kavova, 1, kot to b(X,Y) tov kavova
1 pe v kepaAn Tov Kavova 2.

2V ovveEyeta emAgyetl To d(X) Tov kavova, 2 ko Bpickel tnv Adomn d(c¢) and 1o yeyovog
3.

Ecetdler to cut (!) To omoio kol emTvyYAVEL, OALL GUYYPOVIOGS OEGUEVETOL TOGO GTNV
emhoyn g Avong d(c), 660 Kol 6TV ETAOYT TOL KAvOVd, 2.

H Prolog otnv cuvéyeia Ba Bpetl tnv Adon e(f) amd to yeyovog 10, kot teAkd Oa
anavinoet a(c,f).

Av {nmoovue 6umg oo v Prolog kat dAdec Avoelg Ba dmael akoun ovo v a(c,g)
Ko tnv a(a,b).

['d va Bpel tnv Adon a(c,g) n Prolog evepyet o e€Nc: Avalntel pid akdun Avon yio to
e(Y), kou Bpioxel to e(g) (yeyovoc 11).
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2NV ovvEXELD OLm¢ Otav mTpoomadncel va kavel omobodpounon (backtracking) wavem
and 1o cut o ayvonoel AAiec Avoelg Tov d(X) kot GALES EVUALAKTIKEC TTPOTACELS Y14 TO
b(X, Y), ko Oa emotpéyel oto a(X, Y).

['d o a(X,Y) Ba avalnmmoel evallakTikéC TpoTdoels, kot Oa Bpel 1o yeyovog 12,
OnAaot tnv Avon a(a, b).

BAémovue Aowdv 0T ue tnv ypnoiwomroinon tov cut (1), n Prolog £ysl "maynoel" Tic
EMIAOYEC TNC TOGO YIA OAQ TOL KOTNYOPNLLOTO LETAED TOV Cut Kol TNC KEQAUANC TOV
KOVOVO, 0G0 Kol EVUAOKTIKEC TTPOTAGELS TOV 1010V TOVL KOVOVO GTOV 01010 PpickeTal.

Ac onueliwocovue LOVo 0Tl TO 1010 TPOYpaLLUa YOPic To cut Ba £dtve TIC akOAoVOEC
AOGELC:

a(g9h)9 a(cﬂﬂ9 a(C9g)7 a(d9f)9 a(dﬂg)ﬂ a(Cﬂﬂﬁ a(C9g)9 a(d7ﬂ7 a(dﬂg)9 a(a9b)'
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MNapaTnPNOEIC OXETIKA UE TNV ATTOKOTTA
H yprion g amoxong:

¢ AvZavel TV omOTEAEGUATIKOTNTO TOV TPOYPAUUATOV OTOV 01 KANGELS LaG YivovTal
YOPic peTaPAnTEC.

* Agv nog EmMoTPEPEL OAEG TIC EVOAAAKTIKEC AVGELS OTAV 01 KANGELC YivovTal e
uetaPAntéc.

» I'evikotepa, Bempeiton 6T 1 YPNO™ TNG OTOKOTN G TEPLOPILEL TN ONAMTIKOTNTA
(declarativeness) tov tpoypouudtov, Kofiot®vtog T To olootkaotikd (procedural).
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MNapadeiypa atrokotTng 3

2T0 TTOPOKATO TOUPAOELYLLOL 1) OTTOKOTT] YPTCILUOTOIELTOL YL TNV ATTOPLYN ACKOTMV
eELEYY OV Kot TNV 0mieBodpouncm, otav yvopilovue 0Tt LOVO Uio TpOTOCT) UTOPEL Vol
EMTVYEL G€ Ui dgoouevN ypovikn otyun. To mapdoerypo vrohoyilet pio frpotikn
GLVAPTNON.

Xuvaptnon:
f(x)=0yax<3
f(xX)=2y103=<x<6
f(x) =4 y10 6 =<x

f(X,0):- X <3,
f(X,2):-X>=3,X<6,!.
f(X, 4) :- X >= 6.
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XPNGLUOTOLMVTOS TNV OTOKOTT) UWTOPOVUE KOUN Kol Vo, ToupaAelyovue GLVONKES OE
OLUOIKAGIEC OTMG 1) TPONYOLUEVT]. 'ETGL EMTLYYAVETAL 1] EMICTEVGT TOV TPOYPOULUATOV
KOOMC eKTEAOVVTOL MYOTEPEC EVTOLEC.

['o Tapdodstypo To TponyovUEVO TPOYPALLO UTOpEL, Ympic va petaBAndel n onuacia
TOV, VO, YPOPEL:

f(X,0):- X <3, .
f(X,2):- X<6,!.
f(X, 4).
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Eidon atrokotrwy

AvAaAloya LE TO av 1 aToKOT LETAPAAEL 1] OYL TN ONAMTIKY] CNUAGIO TOV TPOYPALLOTOC
olaKkpivouue 00O €10M ATOKOTMOV:

¢ O1 KOKKiveg omokoméG (red cuts) ot omoisg av aporpefodv amd To TPOYpULLL TOTE
LeTAPAAAETOL | ONAMTIKY] TOV oNuacio

* O1pdoiveg amokoméc (green cuts) ol omoieg av apapefovy amd T0 TPOYPOLLLLL
TOTE 0€ UETOPAAAETAL 1] ONAMTIKY] TOL oNUOCTN

[o Tapdoeyo 6T0 TPMOTO TOPAOELY L VAOTOINONG TS PUOTIKNC GLVEPTNGNC Ol
ATOKOTEC €IVl TPAGIVES, EVA GTO OEVTEPO TPOYPOLLLLOL EIVOIL KOKKIVEG,.
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MpoBARMATA KOKKIVWYV OTTOKOTTWYV

Alhayn 6t oePpd Tov UPavVICoVTal 01 KOVOVEC GLVETAYETOL GLVNOMC Ko OLAUPOPETIKAL
arotelécpota. o mapdostypa:

p:-a,b.
p :-c.

To mopamdvm TPOYPOLLY IGOOVVOLEL LUE:
p(anb)ve

AMACOVTOC TN CEPA TOV KAVOVAOV, T ONAMTIKT EPUNVELN TOV TPOYPALUUATOS TOPAUEVEL
n iowa.

Aoyikog [poypappoatiopnog 259




5

Av topa BdAovue €va cut:

p:-a !l b.
p:-c.

To mapamdvm TPOYPOLLY IGOOVVOLLEL LUE:
p<& (anb)v(—anac)
AMALOVTOC TN CEPA TOV KAVOVOV, T ONAMTIKY EPUNVELN TOV TPOYPAUUATOS AAAALEL.

p&cv(anb)
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AoKNnOoON M€ ATTOKOTTH

Given the following clauses, it 1s required to place cut(s) in the program to achieve the
given outputs: First, determine what the output will be without placing any cuts in the
program.

female author:- author(X), write(X), write(' is an author’), nl, female(X),
write(‘and_female'), nl.

female author.- write('no luck!’), nl, fail.

author(X):- name(X).

author(X):- write('no more found!'), nl, fail.

name(sartre). name(calvino). name(joyce).
female(murdoch).  female(bembridge).
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First, we examine the execution of the query female author?

Using X=Sartre, the subgoals write(X), write(' 1s an author') and nl succeed with the
side-effect of writing:

sartre 1s an author

Then we solve the subgoal female(X) with X still bound to sartre.

Neither of the heads of the clauses for female/1 match the goal female(sartre) so Prolog
fails and backtracks.

Now try to redo name(X) and we satisfy this with X=calvino. Again, we generate the
side-effect on the screen of:

calvino 1s an author

and again fails to satisfy female(X). Again backtracking with X=joyce. On the screen we
get:
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joyce is an author

and again female(X) fails.

This time, on backtracking, there are no more solutions for name(X). We now move on
to resatisfy author(X) by using its second clause. This generates, on the screen:

no more found!

We now backtrack and, since there are no more ways of satisfying author(X), we are
through with the first clause of female author/0.

The second succeeds by writing:

no luck!

and fails.
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Use only one cut to get the desired output.
(a) sartre is an author

no more found!

no luck!
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We should place the cut so that name(X) succeeds once only. This can be done by
rewriting the first clause of name/1 as

name(sartre):-!.
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(b) sartre 1s an author
calvino is an author
joyce 1s an author
no more found!
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We want to commit ourselves to the first clause of female author and not use the second
at all. Hence we have the solution:

female author:- !,author(X),write(X),and so on

but note that now the original query fails after producing the desired side-effect.

Also note that we have to put the cut before the call to author/1 otherwise we would only
generate one of the names rather than all three.
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5

(c) sartre is an author
no luck!
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5

We want author(X) to succeed once and once only and go on to use the second clause of
female author (this suggests that the cut cannot be one of the subgoals 1n the first clause
of female author). We don't want to generate the phrase 'no more found' so this suggests
that we commit to the first clause of author/1. We will put a cut in the body of this clause
but where? If we put it thus:

author(X):- | name(X).

then we would generate all three names by backtracking. Hence the desired solution is:

author(X):- name(X),!.

We can read this as being committed to the first, and only the first, solution for
name(X).
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5

(d) sartre 1s an author
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5

We definitely want to be committed to the first clause of female author/0.
This suggests putting the cut in the body of the first clause of this predicate, but where?

If we put it after the subgoal female(X) then we would get all three solutions to name(X)
and their associated side-effects. Therefore we want something like:

female author:- author(X),!,write(X),and so on
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5

(e) sartre is an author
calvino 1s an author
joyce 1s an author
no luck!
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5

Now we don't get the message 'no more found!'. This suggests that we want to commit
to the first clause of author/1.

If we put the cut after the subgoal name(X) then we will commit to the first solution
and not be able to generate the other two.

Hence we must put the cut before as in:

author(X):- | name(X).
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ATtrokotr] Kal Apvnon

Mia oo TIC o GNUAVTIKEG ¥PNOELS TNC AMOKOTNG EIvVAL 1) VAOTTOINGT TG APVNONS MG
QITOTLYLO.

Me 1t BonBela Tov GLVOLAGLOV ATOKOTNG Kot dPvNnong opileTal Kol TO KOTYOPT Lo
not/1.

not(X) :- X, |, fail.
not(X).

To moapamdvm TpOypapLo OEYETOL GOV OPIGLLOL LU0 OTTOLOONTTOTE KAT|oM TG Prolog. Av 1
KAfon uropei vo amodsyOsi Tote o Katnydpnua amotvyydvet (1" Tpdtaon), aAldc
enmrtvyyavel (2" Tpdtaon).
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ATtrokotr] Kal Apvnon

O cLVOLOCUOG KOTOKOTNG KO OITOTLYIOG KAVEL OLVATT TNV LAOTOINGT KATYOPUAT®V
oL EPLEYOLVV dpvnon. I'a TapAOELy Lo TO TOPOKATM TPOYPULULD EXLTVYYAVEL OTOV £Vl
oTOLYELD 0EV lvanl LEAOG TNG AloTOC:

not member(X, []).
not member(X, [X | ]):-!, fail.
not member(X, [ | RestList]) :- not member(X, RestList).
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Bagof, setof

¢ We can generate, by backtracking, all the objects, one by one, that satisfy some goal.

¢ Each time a new solution is generated, the previous one disappears and is not
accessible any more.

*» However, sometimes we would prefer to have all the generated objects available
together- for example, collected into a list.

¢ The built-in predicates bagof and setof serve this purpose; the predicate findall is
sometimes provided instead.
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$
bagof
The goal

bagof( X, P, L)

will produce the list L of all the objects X such that a goal P is satisfied.
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Example

For example, let us assume that we have in the program a specification that classifies
(some) letters into vowels and consonants:

class( a, vow).
class( b, con).
class( c, con).
class( d, con).

class( e, vow).

class( f, con).

Then we can obtain the list of all the consonants in this specification by the goal:

?- bagof( Letter, class( Letter, con), Letters).
Letters = [b, ¢, d, ]
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Moreover,

?- bagof (Letter, class( Letter, Class), Letters).

Class : vow
Letters : [a, ¢];
Class : con
Letters : [b, c, d, 1]
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setof
The predicate setof is similar to bagof. The goal
setof( X, P, L)

will again produce a list L of objects X that satisfy P. Only this time the list L will be
ordered and duplicate items, 1f there are any, will be eliminated.

¢ The ordering of the objects is according to the alphabetical order or to relation < if
objects are numbers.

¢ If the objects are complex terms, then the principal functors are compared for the
ordering.

¢ If these are equal then the left-most, top-most functors that are not equal in the terms
compared decide.
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Example

?- setof( Class/Letter, class( Letter, Class), List).

List = [con/b, con/c, con/d, con/f, vow/a, vow/e]
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findall

Another predicate of this family, similar to bagof, 1s findall.
findall( X, P, L)
produces, again, a list of objects that satisfy P.

The difference with respect to bagof is that all the objects X are collected regardless of
(possibly) different solutions for variables in P that are not shared with X.

This difference 1s shown in the following example:
?- findall( Letter, class( Letter, Class), Letters).
Letters =[a, b, c, d, e, {]

If there 1s no object X that satisfies P then findall will succeed with L = [].
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Input/Output in Prolog

Extensions to this basic communication method (questions and Prolog answers) are
needed 1n the following areas:

¢ input of data in forms other than Prolog questions - for example, in the form of
English sentences

¢ output of information in any format desired

¢ input from and output to any computer file and not just the user terminal
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Communication with Files in Prolog

User
terminal
UsET user
[nput f . Output
ile 1 —» file 3 P
streams . tres
L L (T T

Figure shows a general situation in which a Prolog program communicates with several
files.

The program can, in principle, read data from several input files, also called input
streams, and output data to several output files, also called output streams.

¢ Data coming from the user's terminal is treated as just another input stream.

¢ Data output to the terminal is, analogously, treated as another output stream.

Both of these 'pseudo-files' are referred to by the name user.
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Communication with Files in Prolog

The names of other files can be chosen by the programmer according to the rules for
naming files in the computer system used.

At the beginning of the execution these two streams correspond to the user’s terminal.
The current input stream can be changed to another file, Filename, by the goal:

see( Filename)

Example:

see( filel),
read from_file( Information),

see( user),
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Communication with Files in Prolog
The current output stream can be changed by a goal of the form:
tell( Filename)

A sequence of goals to output some information to file, and then redirect succeeding
output back to the terminal, 1s:

tell( file3),
write_on_file( Information),

tell( user),
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Communication with Files in Prolog

The goal
seen
closes the current input file.

The goal
told
closes the current output file.

O ot0Y0C¢
seeing (telling)
EMIGTPEPEL TO TPEYOV KAVAAL E1IGOOOV (e€0600vV).
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Mapadeiyua

To katnydpnua out/1 wov akoAovbel déxetal cav €ic0d0 pio Alota pe GTor el KoL TO!
YpApeL e Eva mpokabopiouévo apyeio. Apyikd KotevBovel Tnv €000 G€ £val apyElo, 01N
GLVEYEL KOAEL TO Kot YOpnua write list, T0 0moio TVTOVEL T GTOLYEIN TNG AlOTOC
(xopic va Tpocdlopilel mov) Kot TEAOC KaAel To Katnyopnua told, kabictdvtog £Tot Kot
TAAL KavAaAl €£600v TV 0006v).

out(L) :- tell( ‘myfile.txt’), write list(L), told.

write_list([]).
write list([H | T]) : - write(H), nl, write list(T).
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File Processing

¢ Files can only be processed sequentially.
¢ In this sense all files behave in the same way as the terminal.

¢ Each request to read something from an input file will cause reading at the current
position in the current input stream.

¢ After the reading, the current position will be, of course, moved to the next unread
1tem.

¢ So the next request for reading will start reading at this new current position.

¢ If a request for reading is made at the end of a file, then the information returned by
such a request 1s the atom end-of-.file.

¢ Once some information has been read, it is not possible to re-read it again.
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Viewing files in Prolog

There are two main ways in which files can be viewed in Prolog, depending on the form
of information.

¢ One way is to consider the character as the basic element of the file.

= Accordingly, one input or output request will cause a single character to be read or
written.

* The built-in predicates for this are get, get) and put.

¢ The other way of viewing a file is to consider bigger units of information as basic
building blocks of the file.

= Such a natural bigger unit is the Prolog term.

* So each input/output request of this type would transfer a whole term from the
current input stream or to the current output stream respectively.

= Predicates for transfer of terms are read and write.

= Of course, 1n this case, the information in the file has to be in a form that is
consistent with the syntax of terms.
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L)

4

Processing Files of Terms

The built-in predicate read is used for reading terms from the current input stream.
The goal
read( X)

for reading terms from the current input will cause the next term, T, to be read, and
this term will be matched with X.

If X is a variable then, as a result, X will become instantiated to T.

If matching does not succeed then the goal read( X) fails.

The predicate read is deterministic, so in the case of failure there will be no
backtracking to input another term.

Each term in the input file must be followed by a full stop and a space or carriage-
return. Edv o 0pog mepiéyel keva, Ba mpénel va tomobeTeiton o€ LOVEC AMTOGTPOPOLC.

If read( X) 1s executed when the end of the current input file has been reached then X
will become instantiated to the atom end_of file.
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Mapadeiyua
?- read(X).

Avdioya pe TV €i6000 mov Ba 000<l, Ba £yove Ta TOPAKATO ATOTEAEGLOTA:

Eicodog Amotélecua

a. X=a

a no (Aeimer M teleia)

[1, k]. X =11, k]

‘a bc no (Aeimel n 0eEL8 ATOGTPOPOC)
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Processing Files of Terms

The built-in predicate write outputs a term. So the goal
write( X)
will output the term X on the current output file.

The goal
tab( N)

cause N spaces to be output.

The predicate nl (which has no arguments) causes the start of a new line at output.
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MNapadsiypa 1
?- write(aaa), nl, write([1, 2, 3]), nl, write(f(k(1,2))).

daad
1,2, 3]
f(k(1, 2))
yes
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Mapadsiypa 2

Let us assume that we have a procedure that computes the cube of a number:
cub(N, C) :-
Cis N*N*N.
Suppose we want to use this for calculating the cubes of a sequence of numbers.
We could do this by a sequence of questions:

?- cube( 2, X).
X=8

?- cube( 3, Y).
Y =125
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5

Let us now modify this program so that the cube procedure will read the data itself.

Now the program will keep reading data and outputting their cubes until the atom stop 1s
read:

cube :-
read( X),
process(X ).
process( stop) :- !.
process( N) :-
C is NE*N*N,
write( C),

cube.
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?- cube.

125
12.
1728
stop.

yes
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5

It may appear that the above cube procedure could be simplified.
However, the following attempt to simplify is not correct:
cube :-
read( stop), !.
cube :-
read( N),
Cis N*N*N,
write( C),
cube.

The reason why this 1s wrong can be seen easily if we trace the program with input data
5. The goal read( stop) will fail when the number 1s read, and this number will be lost for
ever!

The next read goal will input the next term on the other hand, it could happen that the
stop signal is read by the goal read( N), which would then cause a request to multiply
non numeric data.
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5

It 1s usually desirable that the program, before reading new data from the terminal,
signals to the user that it 1s ready to accept the information, and perhaps also says what

kind of information it is expecting.

cube :-
write( 'Next item, please. '),
read( X),
process( X).

process( stop) :- !.

process( N) :-
Cis N*N*N,
write( ‘Cube of *), write( N), write( ‘is ),
write( C), nl,

cube.
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?- cube.

Next item, please: 5.
Cube of 515 125
Next item, please: 12.
Cube of 1215 1728

Next item, please: stop.

yes
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Displaying Lists

The following procedure outputs a list L so that each element of L 1s written on a
separate line:

writelist( [] ).

writelist( [X | L] ) :-
write( X), nl,
writelist( L).

If we have a list of lists, one natural output form 1s to write the elements of each list in
one line:

?-writelist2( [ [a, b, c], [d, e, f], [g, h, i] ] ).
abc

def
ghi
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5

A procedure that accomplishes this is:
writelist2( [] ).
writelist2( [L | LL] ) :-
doline( L), nl,
writelist2( LL).

doline( [] ).

doline( [X| L] ) :-
write( X), tab( 1),
doline( L).
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Formatting Terms

family

-

tom fox date works ann fox date unemployed
7 may 1950 bbe 15200 9 may 1951 i

JIN /I N

5 may 1973 jim fox date unemployed
/I’\
5§ may 1973

List
write( F).

will cause this term to be output in the standard form:
family(person(tom,fox, date(7,mayl, 950),works(bbc,15200)),...
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Formatting Terms

parents

tom fox, born 7 may 1950, works bbc, salary 15200
ann fox, born 9 may 1951, unemployed

children

pat fox, born 5 may 1973, unemployed
jim fox, born 5 may 1973, unemployed

writefamily:- family(Husband, Wife, Children), nl, write(‘parents’), nl, nl,
writeperson(Husband), nl,
writeperson(Wife), nl, nl,
write(‘children’), nl, nl,

writepersonlist(Children), fail.
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writeperson(person(Firstname,Secname,date(D,M,Y), Work)). -

tab(4), write(Firstname), tab(1), write(Secname),
write(",born '), write(D),tab(1),
write(M),tab(1),

write(Y),write("),
writework( Work).

writepersonlist([]).
writepersonlist([P|L]) :- writeperson(P), nl, writepersonlist(L).

writework(unemployed) :- write(unemployed).

writework(works(Comp,Sal)) :- write('works'), write(Comp), write(’, salary’),
write(Sal).

family(person(michael,davis,date(2,december, 1973),works(school,13000)),
person(michelle,davis,date(9,may, 1974),unemployed),

[person(emelie,davis,date(5,may,2003),unemployed)]).
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3
Processing a file of terms

A typical sequence of goals to process a whole file, F, would look something like this:
..., see( F), processfile, see( user),. ..
Here processfile 1s a procedure to read and process each term in F.

processfile :-
read( Term),

process( Term).

process( end_of file) :-!.

process( Term) :-
treat( Term),

processfile.
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Processing a file of terms

Here treat( Term) represents whatever is to be done with each term. An example would
be a procedure to display on the terminal each term together with its consecutive
number:

showfile( N) :-
read( Term),
show( Term, N).
show( end of file, ) :- /.
show( Term, N) :-
write( N), tab(2), write( Term),nl,
NI is N+1,
showfile( N1).
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Manipulating characters

A character is written on the current output stream with the goal put( C) where c 1s the
ASCII code of the character to be output.

put( 65), put( 66), put( 67).

would cause the following output:
ABC
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Manipulating characters
A single character can be read from the current input stream by the goal
get0( C)

This causes the current character to be read from the input stream, and the variable C
becomes instantiated to the ASCII code of this character.

get( C)

will cause the skipping over of all non-printable characters (blanks in particular) from
the current input position in the input stream up to the first printable character.
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First 1t will read the first character, output this character, and then complete the

Example

processing depending on this character.
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Example 1

squeeze.-
getO( C),
put( C),

dorest( C).

dorest( 46):- . %46 is ASCII for full stop, all done

dorest( Letter):-

squeeze.
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Example 2
squeeze .-
getO( C),

put( C),
dorest( C).

dorest( 46):- !. %46 is ASCII for full stop, all done

dorest( 32):- !, % 32 is ASCII for blank
get( C),
put( C),
dorest( C).

dorest( Letter) :-

squeeze.
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XelpIopuog ZupfoAooeipwy

21V Prolog 1 taxtikn mov akolovdeital yio Tov ¥EPIoUO TV GLUPOAOGEPOVY EIval N
LLETOTPOTN TOVG GE AGTEG KOl 1] YPNOT KOTNYOPNUATOV EMECEPYATINC MOTOV.

To katnydpnua mov petaTpénel o cGupPorocelpd o Aota givat To:
name(2vupolrooecipd, Aioro,).

Metatpénel tnv XouPorocelpd e Alota ASCII k@otk®V Kot 10 avTicoTPoPo.

['o Tapdostypa:

?- name(abc, X).
X =197, 98, 99]

N TO AVTIGTPOPO:

?- name(X, [97, 98, 99]).
X =abc
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NMapatnpnoeig

¢ H ovuPoroceipd umopei va eivor dtopo 1 aptouoc.

¢ Av 10 atouo apyilel pe kepaiaio 1 mePLEYEL KEVA, TPEMEL VA Elvarl TOTOOETUEVO GE
LOVA E1GAYOYIKA.

“* 'Eva dtopo 1 apBuoc péoa o dumAd eicaymytkd icodvvauet pe Aioto ASCII
KOOIKOV.
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Mapadeiyua

To katnydpnua strings concatenate/3 mwov akoAovOElL d€xeTAL OVO GLUPOAOGEIPEC GOV
€16000 670 0VO TPMTO OPICUOATAE TOV KO TIC CUVEVMVEL. T0 AmOTEAECUN ETOTPEPETAL
GTO TPLTO OPICUAL.

strings _concatenate(Strl, Str2, Str) :-
name(Strl, Listl),
name(Str2, List2),
append(Listl, List2, List),
name(Str, List).

Aoyikog [poypappoatiopnog 315




Reading programs
We tell Prolog to read a program from a file F with the goal:

?- consult( F).

The effect will be that all clauses in F are read and will be used by Prolog when
answering further questions from the user.

If another file is consulted at some later time during the same session, clauses from this
new file are simply added at the end of the current set of clauses.

We do not have to enter our program into a file and then request 'consulting' that file.
Instead of reading a file, Prolog can also accept our program directly from the terminal,
which correspond to the pseudo-file user.

?- consult( user).
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Reading programs

A shorthand notation for consulting files 1s available in some Prolog systems. Files that
are to be consulted are simply put into a list and stated as a goal:

?- [filel, file2, file3].

This 1s exactly equivalent to three goals:

?- consult( filel), consult( file2), consult( file3)
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Reading programs

The difference between consult and reconsult is that consult always adds new clauses
while reconsult redefines previously defined relations.

reconsult( F) will, however, not affect any relation about which there i1s no clause in F.
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3
Database manipulation

A Prolog program an be viewed as a database, containing partly explicit (facts) and
partly implicit (rules) data.

Furthermore, built-in-predicates make it possible to update this database during the
execution of the program. This 1s done by adding (during execution) new clauses to the
program or by deleting existing ones.

The goal

assert( C)
always succeeds and, as its side effect, causes a clause C to be “asserted”, that
1S, added to the database.
The goal

retract( C)
does the opposite: it deletes a clause that matches C. The following conversation
with Prolog illustrates:

?- Crisis.

No
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5

?- assert( crisis).
yes

?- Crisis.

yes

?- retract( crisis).

yes
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Example

nice :-

sunshine, not(raining).
funny .-

sunshine, raining.
Disgusting :-

raining,

fog.
raining.

Jog.

The following conversation with this program will gradually update the database:
?- nice.
no
?- disgusting.

yes
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?- retract( fog).
yes

?- disgusting.

no

?- assert( sunshine).

yes
?- funny.

yes

?- retract( raining).
yes

?- nice.

yes
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5

Clauses of any form can be asserted or retracted. The next example illustrates that retract
1s also non-deterministic: a whole set of clauses can, through backtracking, be removed
by a single retract goal. Let us assume that we have the following facts in the 'consulted'

program:

fast( ann).
slow( tom).

slow( pat).

We can add a rule to this program, as follows:

? - assert(
( faster(X,Y) :-
fast(X), slow(Y) ) ).
yes
?- faster( A, B).
A = ann
B = tom
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?- retract( slow(X)).
X = tom;

X = pat;

No

?- faster( ann, ).

no
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S

*

|7- listing.

yes
|7- assert(son(tom,sue)).

e

*

S

*

e

*

yes

e

*

|?- assert(female(sue)).

e

*

yes
|?- assert(( mother(X,Y):-

e

*

S

*

e

*

true ?
yes

/
0‘0

son(Y,X),female(X))).

Example
| 7- listing.
female(sue).
mother(A,B):-
son(B, A),
female(A).
son(tom, sue).

yes

| ?7- mother(sue,tom).

yes
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5
Asserta and Assertz

The goal
asserta( C)

adds C at the beginning of the database. The goal
assertz( C)

adds C at the end of the database.
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Example

?- assert( p(a) ), assertz( p(b) ), asserta( p(c) ).

yes
2-p(X).
X=c;
X=a,
X=b
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dynamic/1

¢ Asserted entries are added to the dynamic copy of the consulted Prolog programs
stored 1n Sicstus’ memory buffer.

*¢ They are not written to the original program, 1.e. the program doesn’t change and
once Sicstus 1s closed all changes to the database are lost.

¢ In order for a predicate already consulted in the Prolog program to be manipulated
during runtime 1t needs to be declared as dynamic. We do this by adding a directive
at the beginning of the code:

.- dynamic Predicatelndicator
» where Predicatelndicator 1s the predicate followed by the arity e.g. append/3

4

)

L)

4

¢ If the predicate is “new” then it is automatically dynamic and does not need to be
declared.

L)
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clause/2

¢ Once a predicate is declared as dynamic you can check for its existence using
clause(Head, Body)

¢ clause(Head, Body) succeeds if there is a clause in the current Prolog database which

1s unifiable with:
Head :- Body.
*» E.g. :- dynamic a/2.
a(1,2).
a(3,4).
a(X,Y):- b(X), b(Y).

|?- clause(a(Argl,Arg2), Body).
Argl =1, Arg2 =2, Body = true?;
Argl =3, Arg2 =4, Body = true?;
Body = b(Argl), b(Arg2)?;

no
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¢ Note that if the clause is a fact, and has no body, then the second argument of
clause/2 is instantiated to true.
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3
Comment about database manipulation

A remark on the style of programming should be made at this stage:

¢ The foregoing examples illustrate some obviously useful applications of assert and
retract. However, their use requires special care.

¢ Excessive and careless use of these facilities cannot be recommended as good
programming style.

¢ By asserting and retracting we, in fact, modify the program. Therefore relations that
hold at some point will not be true at some other time. At different times the same
questions receive different answers.

¢ A lot of asserting and retracting may thus obscure the meaning of the program and it
may become hard to imagine what is true and what-is not.

¢ The resulting behaviour of the program may become difficult to understand, difficult
to explain and to trust.
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OpICHOGC VEWYV TEAECTWYV

¢ Eidape ota eloaywyikd podnuato ott ot cvvetor 6pot ¢ Prolog éyovv ™ popen:
oLVvaPTNoLoKO cOpporo( opiopata)

** H popon avt) ovoudletal mpoonuacuévn mopevoesiakn Lopen, yiuti To
GLVAPTNGLOKO GUUPOAO TTPONYELTUL TOV OPIGUAT®V, TO OTTOT0 AKOAOVOOVV HUEGQ GE
nopeVOECELC.

% Edwkd yio cuvoptnotokd coppora 1"° ko 2™ tééng, n Prolog vrootnpilet kot GALEC
LOPPES OVATOPACTUCTG:
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NMpoonuaocuévn un TrapevOeoiakn (prefix)

¢ To ovvaptnoiakd cvuPoro Tponyeital Tov 0piGUATOS TOV, TO OTOI0 OUMC OEV
mepKAeieTal o€ mopevOEcelc.

 INo mapdderyua, ovti va ypdeovue sqrt( X), ypdeovue sqrt X.
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Metaonuaouevn un rapevoeoiakn (postfix)

¢ To ovvaptnoiakd cvuPoro akorovbel Tov 0picHATOS TOV, TO OTOI0 OUMC OEV
mepKAeieTonl o€ mopevOEcelc.

 [No mopdderyua, ov Be@PCOLUE OTL TO GUVOPTNCLUKO GOUBOAO TOV TOPAYOVTIKOV
etval to Qavpaotikd, avti va ypaeovue [( X), umopovue va ypagovue X !.
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Evooonuaocpuevn un rapevOeoiakn (postfix)

¢ I'o ovvaptnowd coufolra pe dVo opicuoto UTopel T0 GLVAPTNGIOKO GVUPBOAO VO
Bpioketal avAUEGO GTO OPIGUATA TOV.

» o mopddetypa, ov BemprcovuE 0TL TO GLVAPTNGLOKO GOUPOAO TNE aKEPOLOG
otaipeonc eivon To div, avti va ypagovue div( X, Y), umopovue va ypdeooue X div
Y.
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Mapadsiypara

A programmer can define his or her own operators. So, for example, we can define the
atoms has and supports as infix operators and then write in the program facts like:

peter has information.
floor supports table.

These facts are exactly equivalent to:

has( peter, information).
supports( floor, table).
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Opionog TeAsoTWY

¢ A programmer can define new operators by inserting into the program special kinds
of clauses, sometimes called directives, which act as operator definitions.

¢ An operator definition must appear in the program before any expression containing
that operator.

¢ For our example, the operator has can be properly defined by the directive:
op( 600, xfx, has).

¢ This tells Prolog that we want to use ' has' as an operator, whose precedence
(mpotepardtnta) 1s 600 and its type 1s 'xfx', which 1s a kind of infix operator.

¢ The form of the specifier 'xfx' suggests that the operator, denoted by 'f', is between
the two arguments denoted by 'x'.
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Opiouog TeAeoTWY (OCUVEXEIQ)

¢ Notice that operator definitions do not specify any operation or action.

* [n principle, no operation on data 1s associated with an operator (except in very
special cases).

¢ Operators are normally used, as functors, only to combine objects into structures and
not to invoke actions on data.

¢ Operator names are atoms, and their precedence must be in some range which
depends on the Prolog system.

= We will assume that the range 1s between 1 and 1200.
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[MpoTEPAIOTNTA TEAECTWYV

¢ Otav &yovue oOLVOETEC TOPACTACELS LE TEPIOTOTEPOVS OO EVAV TEAEGTEC, EMELON OEV
VTapyovv mapevOEGELS, Elval OVGKOAO va avTtiAneBei n Prolog molo dpioua avinkel o€
molov teAectr]. O kavovac Aoutdv gival o akOAoVHOC:

Ilpwrta epapuolovral o1 TEAEGTES pe HIKPOTEPO aPLOUO TPOTEPOIOTNTAS KOl GTH
OVVEYELD, 01 TEAEOTES UE UEYALVTEPO APIOUO TTPOTEPALOTYTAG.

L)

» T'a mapdoetyua, ov opiGovLE:
Op (200, Mopoen, div)
Op(100, Mopon, )

» Ko é0tm 0Tt €yovue va avaidcovue to cvvheto 6po / mapdctoon:
XdivY"Z

» N mapdotacn avtn wwoovvauel pe X div (Y  Z)

L)

L)

4

L)

L)

<

L)

» 2nueionon: Ot ctabepoi Opot aAAG Kol Ot LETOPANTES EYOVV TN UIKPOTEPT OLVOTH
TPOTEPULOTNTA.

L)
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Mop@ég TeAeoTwy (1/4)

210G TEAEGTEG TAENC 1, To Opropua Mopen umopet va mapet pia amd T akOAovbeg
TEGOEPIC TIUEG:
fx, ty, xf, yf,
2TIC TAPOTAVE TIES TO GVUPOAO T aVTITPOGMOTEVEL TOV TEAEGTY], EVO TO. GOUPOA X KO
y 10, opicuotd tov. Edwkotepa:
¢ To ovuPoro x dnAdvel dpioua oL Ba £xel TpoTEPOOTNTO LUKPOTEPT] OO TNV
TPOTEPAOTNTO TOV TEAEGTN.
¢ To ovuPoro y oniadverl dpioua wov Ba £xel TpotepotdTNTO LUKPOTEPT 1) 1o OO TNV
TPOTEPAOTNTO TOV TEAEGTN.
AvvaTOTNTO OPIGUOTOC LE TPOTEPALOTNTO LEYOAVTEPT] OO TNV TPOTEPAULOTITO TOV
TeEAEOTT) 0€V TIOETAL, 0UPOV GE QLT TNV TEPIMTMOGT TO OPIGHa (TO 0moio umopel va tva
Kot TeAeot)C) Oa amoTiunOel pueTd TOV EV AOY® TEAECTY).
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Mop@ég TeAeoTWYV (2/4)
IHapdoerypa:

op(100, fx, sqrt)

¢ Me avt T ONA®on umopovue vo ekppdoovue sqrt 16, alld oyt sqrt sqrt 16.

¢ Avto Oa 1oodvvapovoe pe sqrt(sqrt(16)), ondte 0 eEmTEPIKOC TEAECTNC sqrt Oa elye
cav OploUa EVOV TEAEGTY 1GMC TPOTEPALOTNTOC, KATL TTOV ATAYOPEVETAL GTT) LOPOPN
fx.

 Avto emTpENMETOL OTAV:

op(100, fy, sqrt)

[Hapouoim¢ vy xf kot yf.
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Mop@ég TeAeoTWY (3/4)

IHapdoerypa:
“» Av opicovpe Tov TeEAEOTN aKkEPOLOC dtaipeonc oo XX, TOTE OV UmopovUE Vo,
Ypayovpue

S div4div?2

** H nopandvo tapdctoon emdéyetor 000 epunveied:
8 div (4 div 2) n div(s, div(4, 2))

KoL
(8 div 4) div 2 n div(div(8, 4), 2)

Kot otic 000 mepurtdoelc Opms o Evag teAeotnc div €xetl cav Opiopa GAAO TEAESTN
div (iong mpotepadTNTOG), KATL TOL OUMG OTTAYOPEVETAL GTN LopPn XIX.
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3
Mop@ég TeAeoTWY (4/4)

xfy: 10 mpTO OpIGUA TOV TEAEGTN TPETEL VO £YEL LIKPOTEPT] TPOTEPAOTNTO OO TOV
TELEGTY], EVO TO OEVTEPO EMITPEMETAL VA EYEL 10T TEPOTEPALOTTA
» Edv opicovpe tov teheotn ¢ aképatog daipeong ocav xfy, tdte 1 mopdotoon

S8 div4div?2
Oa petappdletor cov:
8 div (4 div 2) n} 8 div(8, div(4, 2))

** 'Etol dote 0 tedeotic div va €yl oy 0eVTEPO OPICUA EVAY 1GOOVVALO, OGOV QPOpPd
TNV TPOTEPAUOTNTA, TEAECTT).

» evikd, 6tav Eyovue teElecTnC iomg TpotepondTnTog LopPng xty, avtoi epoapudlovio
LLE TPOTEPALOTNTO ATTO OEELE TPOC TO APIGTEPAL.

* Avtifeta, 6tav Eyovue TEAECTNC 10N TPOTEPAIOTNTOS LOPPNC VX, avTol
eQaPUOCOVTOL LE TPOTEPAOTNTA OO OPLOTEPD TPOC TA OECLA.
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Tevika

Av Kot @aivetor AoKomo Kot TOAAES POPEC TAEOVALOV amO TOALOVS VEOLG
TPOYPOUUUATIGTES, O TPOTOC LLE TOV OTO10 YPAPOLLUE £VO, TPOYPUULO EYEL LEYAAN
oNUaGio TOGO KaTA TNV OAPKELN TNG amocPoAudTmong (debugging) Kot ETEKTAGNC TOV
wpoypdupatoc. 'Eva mpoypapuua pe e tekunpimon, mepiepya ovopato LeETaANT®V
KOl KOTYOPNUATOV TOPOVGIALEL OYL LOVO LUIKPT] AVOYVOGIUOTNTO, OAAQ Ko LEYBAAES
dvoKoAiec oto va Bpebel AdBoc uéca oe avto. I'a Tapdoetrypo:

foo (The, [The |F00S] ,F00S) .

foo (The, [F001|002], [FO01|003]) :-
foo (The,002,003) .

Av Kot givor amdALTO 6MGTO OO GLVTOKTIKN Kol AOYikN dmoyn, fonbd modd Alyo Tov
TPOYPUULOTIGTT) VO KOTOVOTGEL TL AKPIP®MC KAVEL. AV OU®C YPAWOLLUE TO TOPATAVED MC:
delete (X, [X|RestList] ,RestList).
delete (X, [Y|Rest], [Y|RestList]) : -
delete (X,Rest,RestList).

eVl COPWS KATAVONTOTEPO.
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Ovopata — Keva — 2xO0AI0

Mepikoi amAol kavoveg KaAov GTUA gival ot akOAovOOoL:

» Ilpémel mhvta va xpnoILOTOIOVVTOL OVOLLOTO Y10, TO KOTIYOPTLLOTO KO TIG
LeTaPANTEG T omoial var €ivat cuvae UE TO POAO TOVG LEGO GTO TTPOYPULLLLOL.

* H avayvooiuommra tov Tpoypaupidty ovEAVETOL OTOV VITAPYOVY KEVEC YPOLUES
aVALESO GTA KOTIYOPT|LOTO KOl OTOV TO GMUM, TOV KOvOVa ELQavICeTon 0eS1OTEPA TNG
KEQOANG,.

% XyOM0 TOL APOPOVV TO KATNYOPTLATO TPETEL VA ERpaviCovTor TPy amd avTo, va
glvan caen Kol 060 1o ouvato Arydtepa. Emiong, eivon kadd va onAmvovtol Léca 6
YOO Ol TTPOOLUYPAPES TMOV KATNYOPNUATOV (Kot yopnuoe/ Tdin).

[o Tapddetypa, To TopamTdve Kot yopnua Lmopet va yivet:
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%% av apalLpécoupe and auth TO otoLxeio X.
delete (X, [X|RestList] ,RestList).
delete (X, [Y|Rest], [Y|RestList]) : -

delete (X,Rest,RestList) .
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5

XpNoIheEG CUNPBOUAEG

Ot axo6AovOot ivan pepikoi kavoveg neboooroyiag ot omoiot ival KaAd va
aKoAovBoVVTOL KATA TNV AVATTTUEN TPOYPOLLATOV:

\/
0’0

O ap1Buog TV 6TOYMV GTO GOUA EVOC KOVOVO TTPETEL VoL VOl GYETIKA
TEPLOPLOUEVOC. MEYALOL KAVOVEC OUGKOAEDOVY CT|LAVTIKA TNV OITOGPUALATMOGCT] Kol
etvol cuVNOWG ATOTEAEGLOL KOKOD GYEOLOGLOV TOL KMOKO. OpyavmdGTE TOVS GTOYOVG
GE€ KOTNYOPTLATA TOL £Y0VV KATO10 AOYIKY] AE1TOVpYia.

To cuvdeTKd «;» (AOYIKO 1)) TPEMEL VoL YPNCLOTOLEITOL LLE TPOGOYT KOt LOVO OTTOV
etval amapoitnto. Or eVOALAKTIKEC GLVONKEC UTOPOVV VA, EKPPUCTOVV LLE
TOAAATTAOVG KOVOVES (TPOTAGELC) TOV KOTNYOPTULOTOG.

H amoxonn «!» (cut) mpémnel emiong va ypnGIUOTOLEITOL LE LEYAAT TTPOGOYT), KOOMC
umopel va aAAAEEL TNV GNUOGTO TOV TPOYPALUATOS (KOKKIVTY] OITOKOTN ).

O1 evIOAEC OLVAUIKNG TPOTTOTTOIN MG TOL TTPOoYpauuaToc assert/1, retract/1 etvatl kKaAo
vo arto@evLYovTal. OONyoV GE TPOYPAULOTO TOV TOPOVGIALOVY UN
EMOVOAANYILOTNTO OTOL ATOTEAEGLOTA TOVC KOl GTUOVTIKES AOVVOLLEC GTNV
ATOGOUALATOOT), KOS Y10 TOV EVTOTIGUO £vOC TBavoL AdBove mpémel va,
eEOCQPAAGOVE OTL T TEPLEYOLEVOL TNG UVI|UNG EIVOL TOVOLLOTIOTLTIOL LE EKELVOL TG
GTLYUNG TOL EUQOVIGTNKE TO AdOOC.
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Mepovwpeveg peTaAnTég (1/2)

O1 teprocdtepot depunvevtég ¢ Prolog kdvouv éleyyo yia petafAntég o1 omoieg
epeaviCovtal povo pio eopd puéca oe Eva kavova (singleton variables). O €dgyyoc
YIVETOL Y10 VO AITOQEVYOVTOL TO, GOAALLATO, TO, OO0l OPEIAOVTAL GE «avopBoypaPies» GTIC
uetaPintéc. I'a mapaderypa, 6to aKkOAov00 Yeyovoc

delete (X, [X|RestList] ,Restlist).

ot pnetaPaAntéc RestList ko Restlist eivan owapopetikég (n Prolog dwaywpilel Tovg meConc
amO TOLG KEPUAOLOVC YOPAKTNPES). XTNV TEPIMTWOGT TOL Bl POPTOVALE TOV TAPOTAVED
K®OWKa o€ kamolo Prolog Ba mpoékumte TPOEIOOTOMTIKO UNVVUM ETICTLOIVOVTOS OTL
000 uetaPAntéc eivon singleton.

Etvor ovvato o petafAnt vo epeaviCetal povo pio @opd uéca e Eva Kavova, yio vo,
ONAMGEL OTL TO CUYKEKPIUEVO Opilopa BEAovE va evomtoinOel Le KdTL T0o 0moio dev pog
EVOLULPEPEL. LTV TEPITTMGOT OVUTH GTO GLYKEKPIUEVO OPIGUA, TOTOOETOVUE Lo v vouny
uetafinty. Ot avovoueg LETAPANTES ONA®VOVTOL TOAD ATA LLE TOV YOPUKTN PO
underscore () 1 TOV 1010 YOPpOAKTPO. AKOAOVOOVUEVO OO OTOIOVGONTTOTE Y UPOUKTIPEC
(_RestList).
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Mepovwpéveg peTABANTES (2/2)

KAoooukd mapdoctypa eival to kornyopnua member/2:
member (X, [X|Rest]) .
member (X, [Y|Rest]) : -

member (X,Rest) .

To mapanmdvm £yel Ovo singleton petafAntéc: v Rest otny mpmdtn mpdTaon kot v Y
GTNV OEVTEPT), Kol PLOTKA Ba TPOKVYOLV TO AVTIGTOLY O TPOEWOOTONTIKA Unvopoata. To
KOTNYOPTLLOL LE XPTIOT] OVOVLLU®V UETAPANTOV YPAPETL:
member (X, [X]| 1) .
member (X, [ |Rest]) :-
member (X,Rest) .

Oa TPETEL VOL GNUEIMGOVUE OTL KO 01 OV0 EKOOYES TOV TPOYPAUUOTOC ETVaL AKPLB®C
1GOOVVOLLEG.
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State-Space Search

* Many problems in Al take the form of state-space search

<

L)

L)

4

L)

» The states might be legal board configurations in a game, towns and cities in some
sort of route map, collections of mathematical propositions, etc.

L)

»» The state-space is the configuration of the possible states and how they connect to
each other e.g. the legal moves between states

» We need to search the state-space to find an optimal path from a start state to a goal
state

*» We can only decide what to do (or where to go), by considering the possible moves
from the current state, and trying to look ahead as far as possible

Aoyikog [poypappoatiopnog 350




Mapadsiypara

kavifodol kou 1epamootolol (missionaries and R
cannibals)
K ®dh
! )
rotpio. (water glass) \\1 r/

T0ml 50ml
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5

MNepiypapn NMNpoBAnUaATWY HE XWPOo KATAOTACEWV

QVTIKEWEVOV KL TIC GYECELS TOV T, GLVOEOVV

KaTtaoTtaon mTpoAQuaToC

O koOcuog €vOC TPOPANUATOC OTOTEAEITOL OO TOL OVTIKEIUEVA, TIC OLOTNTEC TOV

Katdotaon evoc kocuov eivar éva otniyuiotomo (instance) M owtoypagio (snapshot) piog

GUYKEKPLUEVNG ¥POVIKNG GTIYUNG TNS EEEMENG TOL KOGLLOV.

=

70mil

s0mil

70ml

=
J

0mil

=
Lo

=

T0ml 0mil

=
-1

70ml 0mil

-

Xpovog
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ApPXIKEG KOl TEAIKEG KATACTACEIG

o H opyixy (initial state) xou tedikny (final M\ goal state) M| TEMKEC KOATUGTACELS
eKQPALOVY TO OEOOUEVO KOl TO CNTOVUEVO OVTIGTOLY L.

ml
oml =
) 40m
]
70ml 50ml 70ml 50ml 70ml 50ml

Teleotng (1)

I'éuiee 1o motpt tov X ml uéypt to yeihoc and ) Ppdon

IIpoivmo0&aerg

To motpt toov X ml €yer 0 ml

AmoTteréGuOTO,

To motpt tov X ml £yer X ml
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NMapadsiyua

To TTPOBANUA TWV TTOTNPIWV

Tereots (2)

I"'éuiee to motpt tov X ml and 1o mot)pt twv Y ml

Ipovmo0Eaerg

To mompt tov X ml £yer Z ml

To motpt twv Y ml Exer W ml (W=0)

AmoTterESNOTO,

To mtompt tov X ml £rer X ml ka1 To mompr tov Y ml &xet W-(X-Z), av W>X-7Z 1

To mtompt tov X ml &gt Z+W ml ko To motpt twv Y ml €xel 0, av W<X-Z

Tereots (3)

Adelace 10 motpt twv X ml 6To vepoyhn

Ipovmo0&acerg

To motp1 £yl mEPLEYOUEVO

AmoterléopaTa

To mtompt tov X ml £yer 0 ml
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Aucon TTpoBARMATOG

AVon o Eva TpoPAnua elval 1 akoAlovBia TEAEGTOV OV EQPAPUOLOVTOL GTNV APYIKN

KOTAGTAGN Y10 VO, TPOKVWYEL 1) TEMKT] KOTAGTAGN.
[Hapdoeryua:
Metagpepe 1 1epomootolo ko 1 kavifolo amo v apiotepy othy 0elid oyon
Metagpepe 1 1epomdotolo amo ) 0eid aTnv aplotepy oytn
Metapepe 2 kavifalovs amo v opiotepn atn 0ecid OxHn
Metapepe 1 kavifaio omo ™ 0o, otnv apiatepn OxOn
Metapepe 2 16pamdoTOAODS OO THY OPLaTEPT) OTH 0ECIA OYOn
Metagpepe 1 1epamdootoro kot 1 kovifiaio omo ™ 016, otnv apiotepn oxOn
Metagpepe 2 1epamd0TOAOVS OO THY OPLOTEPY OTH 0ECIB OYON
Metagpepe 1 kavifaio omo ™ 0o, otnv apiatepn OxOn
Metagpepe 2 kovifalovs amo v opiotepy oty 0ecid oxtn
Metapepe 1 1epomootoro omo ) 0ECLO, TNV OpLoTEPT] OXON

Metagpepe 1 1epomootolo kai 1 kavifaio omo thv opiotepy oty 0Cio, oyOn
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Kartnyopieg rpoAnuaTtwy (1/2)

e Koamnyopromoinon avaioya pe v epunveia tov 6pov "Avon".

o IIpoPfAnuoata 0oL eival TANPOC YVOOTES Ol TEAIKES KOATAGTACELS KOl ETIOUDKETOL 1
EVPEGCT LOG GEPAC EVEPYELDV:
TPoPANUOTA TYEOLOTIOD EVEPYELAY (planning) Kot TPOPAALOTO TAOTYNONG, OTPATNYIKNC,
EQOOLUOTIKNG, KTA.

o IIpoPAnuata 6mov givol YvooTEC KATOES 1010TNTEC LOVO TNG TEAIKNG KATACTOGTC
KOl EMOIMKETOL 1) EVPEGT) EVOG TANPOLE GTIYUIOTVTTOV TNG TEAIKNG KATAGTAONG,
rpofinuota. ypovompoypouotionod (scheduling), ctovpOAeSa, KPLTTOYPUPIKA, KTA.

10, TPOPAALOTO EIVOL YVOOTA OC TPOPANUOTA IKOVOTOINGHS TEPLOPLOUMY (constraint
satisfaction problems).
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Kartnyopieg TrpoAnuaTwy (2/2)

o IlpoPAuata oto omoion eivol YVOGOTEC KOAMOLEC 1O10TNTEC UOVO TNG TEMKNC
KOTAOTOOTNG KOl EMIOIOKETOL 1| EDPECT UIOC TANPOC YVOOTNG TEMKNG KOUTACTOOTG
KOL 1] GEPA EVEPYELDV TTOV Bl 00N YNGOVV GE AVTN:

Tpopinuato. orouoppwaong (configuration).

o IlpoPinuata 6mov eivor oyetikd €dkoro va BpebBodv Avcelc, aAAd 10 {ntovuevo
etval n fErTion and avTéc.
wpoPANuata fedtioromoinans, ota omoia Kot TAAL 1) TEMKN Katdotaon dev eivol TANPOG
YVOGTN 0AAG ElVOL YVOOTA KATOLN YOPAKTNPIGTIKA TNG.
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Avalntnon MNpwrta oe Badog (DFS)
AgvOpo avalnTnong aTo TTPORANUA TWV TTOTNPIWV

B : \\r-
B =
-k "
_

4 C -
gl [m]p™ m mm
/ od =
“ = am ] ]
N~
2m Eﬂ ﬂ'

gt
mm | m B

TEAIKH
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Avalntnon NpwTta o BaBog (DFS)

[MPpOBANMA TWV TTOTNPIWV

Métmmo g avalntnong Kieiot0 Xvvoro Kotaotaon | Howowd
<A> {} A <B, I'>
<B, I'> {A} B <A, A>
<A, A, T> {A,B} A - (Bpoy0c)
<A, I'™> {A,B} A <B,Z,I">
<B,Z,I'.I™> {A,B,A} B - (BpOy0c)
<Z,I' 1> {A,B,A} V4 <A,0,A>
<A,QATII> {AB,A,Z} A - (BpOy0c)
<O,AI',I™> {AB,A,Z} C) <Z,AI>
<Z,A LA IT™> {A,B,A,7.0} V4 - (BpOy0¢)
<A LA ,I™> {AB,A,Z,0} A - (BpOy0c)
<LLAI',I™> {AB,A,Z,0} I <K.,I',B>
<K,I',B,A,T'.I"> {A.B,A,Z,0.1} K TEAIKH

2.1.1
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Avalntnon Npwrta o€ NMAartog (BFS)
[MpoBAnua Twv TToTNPIWY (1/2)

Métmmo avaltnong Kieiot0 XOvoro Kotdotaon IHowowa
<A> {} A <B,I>
<B, I'> {A} B <A, A>
<", A,A> {A.B} I <E,A>
<A,AE,A> {AB.I'} A - (Bpoy09)
<A,E,A> {A.B,I'} A <B,Z,I"™>
<E,A,B,Z,I"™> {AB,I' A} E <A,H>
<A,B,ZI' A H> {A.B,I' A E} A - (Bpoyoc)
<B.Z,I',A,H> {A.B,I' A E} B - (Bpoyoc)
<Z,I', A H> {A.B,I' A E} Z <A,0,A>
<I',A,H,A,0,A> {A.B,I'AE,Z} I - (Bpoyoc)
<A,H,A,0,A> {A,B,I’/AE.Z} A - (Bpoyoc)
<H,A,®,A> {A,B,I’AE.Z} H <E,I>
<A,0,AE.I™> {A,B,I',AEZH} A - (Bpoy0¢)
<0O,AE,I"™> {A.B,I''AE,Z H} ® <Z,AI>
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Avalntnon Npwrta o€ NMAartog (BFS)
[MpoBANua Twv TTOTNPIWY (2/2)

Métmmo avaltnong Ki.eiwo710 X0volro Kotdotoon IHowowa
<AE,I'.Z,AI> {A.B,I'AE,Z H} A - (Bpoyoc)
<E,I',Z,A,I> {A.B,I'AE,Z H} E - (Bpoyoc)
<I',Z,A,I> {A.B,I'AE,Z H} I - (BpOyoc)
<Z,AI> {A.B,I'AE,Z H} Z - (Bpoyoc)
<A,I> {A.B,I'AE,Z H} A - (Bpoyoc)
<I> {A.B,I''AE,Z H} I <K,I',B>
<K,I',B> {A.B,I'AE,Z H,I} K TEAIKH
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Mapadeiypa
lepatréoToAOI KOl Kavvi3aAol

00 g |

Ebttd

Avtikeipeva

[d10tNTEC YYEGELC

3 IepamdGTOLOL

3 Kavifaiov
Bapka
Aptotepn Oyon
Ae&1d. Oy

Bépxa 000 atopwv Iepandotorol otV aprotepr OO

Kavifaiol oty aprotepn 0xOn
Bdpka otnv apiotepn 6y
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Xwpog KataoTaoewyv

EYKUPOV KATAGTAGEWDV.

XDpo¢ KaTaoTtdceWV (State space 1 domain space) vog mpoPANuLatog ovoudletonr 1o cLVOAO OAMV TMOV

L g

Ktis

1K A4 i IKA—AA
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Napadeiypata o€ Prolog

link(g,h). ~
1ink(g,d). Initial
link(e,d). State \ Goal
link(h,f). State
link(e,T).
link(a,e).

D - E "F

link(a,b).
1ink(b,T).
link(b,c).
1ink(f,c).

State-Space G -H
go (X, X, [X]) . | ?- go(a,c,X).
go(X,Y, [X|T]) :- X = [a,e,f,c] ? ;

link (X, 2Z), X = [a,b,f,c] ? ;
go(Z,Y,T). X = [a,b,c] ? ;
no
Simple search algorithm Consultation
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3
Implementing

¢ To implement state-space search in Prolog, we need:

O A way of representing a state e.g. the board configuration
link(a,e).

O A way of generating all of the next states reachable from a given state
g0(X,Y,[X|T]):- link(X,Z), go(Z,Y,T).

O A way of determining whether a given state is the one we're looking for.
Sometimes this might be the goal state (a finished puzzle, a completed route, a
checkmate position); other times it might simply be the state we estimate is the
best, using some evaluation function

g0(X,X,[X]).
O A mechanism for controlling how we search the space
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Depth-First Search

¢ This simple search algorithm uses Prolog’s unification routine to find the first

link from the current node then follows it

¢ It always follows the left-most branch of the search tree first; following it down

until it either finds the goal state or hits a dead-end
¢ It will then backtrack to find another branch to follow

go (X,X, [X]) . E!l

go(xIYl [XIT]) -
link (X,2), |
go(Z,Y,T). E

| ?- go(a,c,X).

XSTEEEEE ;| o F

X = [ab,f,c] ? ;

no C
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Iterative Deepening

¢ If the optimal solution is the shortest path from the initial state to the goal state depth-
first search will usually not find this

¢ We need to vary the depth at which we look for a solution; increasing the depth every
time we have exhausted all nodes at a particular depth

“* We can take advantage of Prolog’s backtracking to implement this very simply

Depth-First lterative Deepening
go (X, X, [X]) . go (X,X, [X]) . «———+Check if current node is goal.
go(X,Y, [X|T]) :- ||go(X,Y, [¥|T]) : - LFind an intermediate node.
link(X,2), go(X,Z,T)% . .
go(Z,Y,T) . link (z,Y) +t Check whether intermediate
o links with goal.
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Iterative Deepening search 1s quite useful as:

N/

¢ 1t is simple

\/

¢ reaches a solution quickly and

¢ with minimal memory requirements as at any point in the search it is maintaining
only one path back to the initial state

However

N/

¢ on each iteration 1t has to re-compute all previous levels and extend them to the new
depth

N/

*¢ may not terminate (e.g. loop)

\/

* may not be able to handle complex state-spaces

¢ can’t be used in conjunction with problem-specific heuristics as keeps no memory of
optional paths
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Breadth-First Search

?- go(a,c,X).
[a,b,c] ? ;
[a,e, £f,c] ? ;

no

|
X
X

Depth-first

= A,ED,FC.BFC,C
Breadth-first

= A,EB,DFFC,CC

s A simple, common alternative to depth-first search is breadth-first search.
¢ This checks every node at one level of the space, before moving onto the next

level.

¢ Itis distinct from iterative deepening as it maintains a list of alternative

C

F

candidate nodes that can be expanded at each depth

C

1st

2nd
3rd

369

Aoyikog [poypappoatiopnog




Agenda-based search

*+ Both depth-first and breadth-first search can be implemented using an agenda
(breadth-first can only be implemented with an agenda).

¢ The agenda holds a list of states in the state space, as we generate (‘expand’)
them, starting with the initial state.

“ We process the agenda from the beginning, taking the first state each time. If
that state is the one we're looking for, the search is complete.

¢ Otherwise, we expand that state, and generate the states which are reachable
from it. We then add the new nodes to the agenda, to be dealt with as we come to
them.
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i
Example Agenda = [[c,b,a],[c.f,e,a],[c,f,b,a]]

Here's a very general skeleton for agenda-based search:

search(Solution) :-
initial state(InitialState),

agenda search([[ InitialState ], Solution).

agenda search([[ Goal | Path ]| ], [ Goal | Path ]) :-
1s_goal(Goal).

agenda search([[ State | Path ] | Rest], Solution) :-
get successors([ State | Path ], Successors),
update agenda(Rest, Successors, NewAgenda),
agenda search(NewAgenda, Solution).
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To complete the skeleton, we need to implement:

initial state/l,
which creates the initial state for the state-space.

is_goal/l,
which succeeds if its argument is the goal state.

get successors/2

which generates all of the states which are reachable from a given state (should take
advantage of findall/3, setof/3 or bagof/3 to achieve this).

update agenda/2,
which adds new states to the agenda (usually using append/3).

With this basic skeleton, depth-first search and breadth-first search may be implemented
with a simple change:
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5

Adding newly-generated agenda items to the beginning of the agenda implements depth-
first search:

update agenda(OldAgenda, NewStates, NewAgenda) :-
append(NewStates, OldAgenda, NewAgenda).

Adding newly-generated agenda items to the end of the agenda implements breadth-first
search:

update agenda(OldAgenda, NewStates, NewAgenda) :-
append(OldAgenda, NewStates, NewAgenda).
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To NMpoRAnua Tou NMAavodiou NMwAnTn (TSP)

e To npoPAinua avkel otny Kortnyopio un-rolvwvouixod ypovov (NP-complete).

O a problem 1s NP-complete if answers can be verified quickly, and a quick
algorithm to solve this problem can be used to solve all other NP problems
quickly

o To mpofAnua eivar TpoPANLHO ELOYIOTOTOINGNC KOGTOVC Kl £YEL TOAAES EQOPULOYEC.
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Métmmo g avalntnong Kootog Aveneg | Katdotoaon IHowowa
<o> +00 o (XB8,(XYS,(X510,(188
<aB8,0Lys,a610,a88> +00 of (xByls,aBSM, (1[3814
<aBy15,a[3814,aB814,ays,...> +00 aPy aBySZ4, aBysl8

24 18 14 14 28
<afyo ,afye , afd ,oPe ..> +00 apyo afyoe
<a376828,a[3y818, a[3814,...> +00 opyoe aBySaa36
< aB'yﬁga%, aByglg, aB814,,_> 36 OLB’Y680L TS)LlKﬁ Katdotaon
<0LB’Y818, aB814,... > 36 ofye aBya822
<aB'y£822,a[3814,...> 36 opyed aByaSa32
< afyeda’ aBd ofe ..> 32 aPyeda Telkn Kataotaon
<a[388ya26, > 26 afdeya Telikn Katdotaon
<a[387526, > 26 afeyo KAdoepa
<(18B'y§30, > 26 aePyo KAdoeuao,

O aAyo6piBuog Branch and Bound oto mrpoAnua TSP
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_ Méronmo mg avaliimneng | Kéotog Aveng | Katdotaen Doade

<> EAldyiotnTiun TEAOX
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AAyoOpi10uol EuploTikng Avalntnong
Eicaywyika
e O yopoc avalnmmong ocvvnbwg avidveton ekbetikd. Amotteital mAnpoeopio yio
aELOAOYNON TOV KATAGTAGE®Y (EVPIGTIKOC UNYOVIGUOG).

e Ot aAyoplBuotl mov ekpETAAAEDOVTAL TETOWL TTANPOPOPia, ovoudlovior AAyopioLol
Evplotikng Avalntnong.

o [lapdoeryua euploTiknC avalnnong eival n cuvapuordynomn evog puzzle.

e Av 0gv LVINPYOV ELPICTIKOL pUNyavicuoi, t0te ta wpoPAnuata avtd Oo Avvovtov
TOAD OVGKOAL, YIOTL O1 GLVOVAGLOL TOV TPETEL VL Yivouv givon tépa TOALOL.

e O guploTIKOG UNYOVIGUOG €CaPTATAL OO T YVAOGT TOL £YOVUE Y10 TO TPOPAN QL.
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EupIioTIKOC HNXOVIOUOG

Evpiotikog unyoviouog (heuristic) sivon pio otpoatnyikt, Paciocuévn otn yvoon Yo T0 GLYKEKPLUEVO
TpOPANUA, N ool ypnoonoteital oo fonbnua ot ypryopn exiAvon tov.

o O guploTikOg UNYaVIcUOS vAoToleiton pe evprotikn) cuvaptnon (heuristic function).

e Evpiotikn tyn (heuristic value) eivor 1 iU ™G €LPIOTIKNG GLVAPTNONG Kol

exQpdlel 10 TOG0 KOVTA PBpicketon pio KATAGTOOT GE piot TEAIKN.

e H evplotikn Tiun oev €ival N TPAYUOTIKY TIU TNG OOGTACNG OO Uic TEPUOATIKY
KOTaotooT, aAAd uio extiunon (estimate) mov mMOAAEC QopEC umopel va eivon ko

AavOacuévn.
2.1.2
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D

EupioTikEG 2ZuvapTnoeic og Mikpa MpoBAnuaTa (1/3)
EupIOTIKOC unxaviouog Kal ouvapTtnoeic o€ AaBupiveo

Evkieiocio andotaon (Euclidian distance):

d(Sa F) - \/(Xs - XF)2 + (Ys - YF)2
Amndotaon Manhattan (Manhattan distance):
Md(S,F) = | XS - XF | +]YS -YF |

iF - d(S,F)= /(5-15)% +(4-10)* =,/(100+36) =11,6

Md(S,F)=[5-15| + [4-10|=10+6=16.

1 23 4 5 6 7 8 % 1011121314 15
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EupioTikEG 2ZuvapTnoeic og Mikpa NMpoBAnyaTa (2/3)

EuploTIKOC unxaviouog kail cuvaptnoeic oto N-Puzzle
o [Idca mAakiown Bpiockovtal ektOC BEomC.

e To aBpoilcua TV anoctdce®wv Manhattan kdBe TAakidiov amd tnv TEMKT TOL BEOT).

APXIKr KOTAOTOON

EkTOC ©éong =12
ABpoioua Manhattan
ATTOOTACEWV = 28

1

2

3

4

5

6

7

8

9

10

11

13

14

12

15| 5

14110

2|12

6 |11

13| 4

‘1

7114]13| 6

8 110( 2 |12

9115 |11

Tuxaia KatadoTaon

13.15 4

EupioTikn) TiuA

(exTignon améoTaong)

15 . TeAIKA KaTAOTOON
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EupioTikEG 2ZuvapTnoeic og Mikpa MpoBAnuaTa (3/3)

AVOAUTIKOC UTTOAOYIONOC EUPICTIKAC TIMNC VIO Pia Tuxaid
Kataotaon tou 15-puzzle.

1 3 0
W AP
14_7\1'4 3/6_.1 34_7\1'4 3/6_>3
T« 810|212} —1 3« 8|h0| 2|12} 1
911 5\ 1M1i— 1 0 «— 9|1 5\ M1i— 1
13/’15\4 L4 0 <_13/F15\\4 -3
1 1 3 l 3
1 2 0
Ektog 6éong = 12 ABpoioua arroordoswv Manhattan = 28

EupIOTIKOG unxaviouog kal ouvapTtnoeic oto TSP

e H xovtvotepn moOANn €xel meprocdTepeC MOAVOTNTES VOL 00N YNCEL GE Uil GLVOAIKA
KOoAN Aon.
2.1.3
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Avalntnon Npwta oto KaAutepo BestFS
O aryopOuog avalntnon npwta 610 kKaAVTEPO (Best-First - BestFS) kpotd OAEC TIC KATAGTAGELS GTO
LETOTO avalnTnoNC.

O aAyopiOuoc BestFS

B&Ae TV OPX LKA KATAOTOON OTO pétwno avalninong.

Av 10 péteno oavalntnong eival Kevd 1oTe CTOPATNOE.

[I&pe TV mpdTn o oeLpd Katdotoaon omd to pétwno avalAtnong.

Av n KATAOTOON €ivol PEAOGC TOU KAELOTOU OUVOAOU T1OTE HMAydlVE OTO 2.

Av n xotdotoon €ivol pio TeALKL TOTE avapepe TN AUON KOl CTOPATO.

Epdppooe TOUG TEAEOTEQ HETOPOPAC YLIO VO HOPAYELE TLG KATOOTAOELG-

moLd L.

Epdppooe TNV £UPLOT LKL ouvadptnon oe K&Oe moldi.

BOAe TLQ KOTAOTACE LGC-MALOLA OTO pétwno oavalntnong.

9. Avodiatafe tTOo péteno ovalftnong, €TI0l KOTE I KATACTOON HE TNV
KOAUTEPI E€UPLOTLKI TLHN va gival mpodtr).

10. B&Ae 11 KOTAOTOON-YOVEX OTO KAELOTO OUVOAO.

11. Ifjyoive oto BApa 2.

o U1 & WIDN K

0 Jd
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O aAyopiOupog BestFS: o rpoAnua Tou AaBuUpivOou

6

5 s

4

3

2

1

1234567 8910

Métmmo Avalntnong Kle16716 X0voiro Katdotaon oo
<5-5> < 5-5 5-455-674-57
<5-455-674-57> <5-5> 5-4 5-50,6-44
<6-44,5-56 5-67 4-57> <5-5,5-4> 64 5-47 6-33,7-43
<6-33,7-43,5-56,5-67,..> <3-5,5-4,6-4> 6-3 6-44,6-23,7-32
<7-32.6-237-43 6-44 5-56,..> | <5-5,54,..> 7-3 6-33,6-44
<6-33,6-23,7-43,6-44 5-56,.. > | <..,6-3,.> 6-3 Bpoyog
<6-23,7-43,6-44 5-56 5-67..> | <.> 6-2 5-25,6-33
<7-43,6-445-25,.. > <.> 74 7-54 6-447-32
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Métmmo Avalntnong Kle16716 X0voiro Katdotaon oo
<7-327-54 6-445-25,. > <.71-3,> 7-3 Bpoyog
<7-54.6-445-25,.. > <.> 7-5 7-43,8-53.7-65
<8-53,7-43,6-44,.. > <.> 8-5 8-64,7-54.9-52
<9-527-43 6-44 8-64,.. > <.> 9-5 8-53,941
<9-418-537-43 > <.> 9-4 9-30,9-52,10-42
<9-309-52.10-42,,. > <.> 9-3 TEAIKH KATAXTAXH
TEAOX

e H \bon oto mapandve mTpofAnua ival n otwdpour mov opileTal amd T GEPA TOV
Oéceav: 5567575859959’

Aoyikog [poypappoatiopnog 384




4 y y *
O AAyopi10pog AA@a-AcTtpo (A¥)

O atyopiBuoc A (Arpa Aotpo) eivon katd Pdoet BestFS, aAAd pe evplotikn cuvépinon:
E(S) = g(S) + h(S)
n g(S) diver v andotacon ™S S and TNV aPYIKN KATACTAGN, 1 OToid Elvol TPAYUATIKT KOl YVOGTN,
Kol
n h(S) otver v extiunomn g andctaong TS S amd TNV TEMKN KATAGTOOT UEGH UOG EVPLGTIKNG
ouvaptnong, Onwg akpong otov BestFS.

g(S) MNpayparikn

(®

h(S) EupioTiki

&
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E@papuoyn Twv AAyopiBuwyv EupioTikng AvalntTnong
Xwpocg Avalntnong oTo 8-puzzle
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Epapuoyn aAyopiBuou BestFS oto 8-puzzie

Apyikny Kardgoraon

. HE
112]5
7[gl6

i
oo [ra|wsf

o |y | B

2

B
0 [als]s

A0 RE
TeAIKA

Karaoraon
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Napadeiypata o€ Prolog
sort_agenda([], NewAgenda, NewAgenda).
sort_agenda([State|NewStates], OldAgenda, SortedAgenda):-

insert(State, OldAgenda, NewAgenda),
sort agenda(NewStates, NewAgenda, SortedAgenda).

insert(New, [], [New]).

insert(New, [Old|Agenda], [New,Old|Agendal)):-
h(New,H), h(Old,H2), H =< H2.

insert(New, [Old|Agenda], [Old|Rest]):-
insert(New, Agenda, Rest).

¢ This is a very general skeleton. By implementing sort agenda/3, according to
whatever domain we're looking at, we can make the search strategy informed by our
knowledge of the domain.
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L)

Best-first search 1sn't so much a search strategy, as a mechanism for implementing
many different types of informed search.

One simple way to sort the agenda is by the cost-so-far. This might be the number of
moves we've made so far in a game, or the distance we've travelled so far looking for
a route between towns (traveling salesman problem).

If we sort the agenda so that the states with the lowest costs come first, then we'll
always expand these first, and that means that we're sure we'll always find an optimal
solution first.

This is branch & bound with agenda sorting. It looks a lot like breadth-first search,
except that it will find an optimal solution even if the steps between states have
different costs (e.g. the distance between towns is irregular).

However, branch & bound doesn't really direct us towards the goal we're looking for,
so 1t i1sn't very informed.
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Atrooc@aApatwon (1/3)

To yeyovoc 611 1 Prolog eivan pia diepunvevduevn yAwooa (interpreted) otevkoAvvel
CTUOVTIKA TN OL0OIKOGI0 ATOGPAALUATMOGONC, KOOMC EXITPETEL TNV EDKOAT OOKIUN TOV
OLLPOPMOV ETUEPOVS KATNYOPNUATOV TOL TPOYPAUUaTOC. 'ETol plio koA Ttpocgyyion
GTNV €0PECT] OTOLOVONTTOTE GPAALOTOC o€ £va Prolog mpdypapupua, givar o EAeyyoc mpaota
TOV OTAOVGTEPMOV KATNYOPNULAT®OV TOV TPOYPALLOTOS, KOl ETELTA TOV TEPIGCOTEPO
TOADTTAOK®V UEYPL VO PTAGEL 1] Ola01KAGiN 6TO PaciKd 6TOYO.

O éleyyoc mpémel va TEPIAOUPAVEL DOKIUES TOV KOTYOPNLUATOS LE OGO TO OLVATO
TEPIGCOTEPO GET TILOV TOV OplouatoVv. Idwaitepn tpocoyn npénel va. 000l 6TIC OpLakéc
TILEC TOV OPIGUATOV, ONANOT VO YIVEL EAEYYOC Y10 TIC AKPOLEC TIUES Y10, TIC OTTOIES TO
Kot yopnua o tpémel vo pmopel va OLayEPLoTEL , KOMC Kol 01 TIUES Y10 TIC Omoiec Oa
TPETEL VO, ATTOTLYOUVEL.

2€ OAEC TIC EKOOGELS TNG YAMOGUC, DITAPYEL ] OLVATOTNTA TOPAKOAOVONGNC PUa TPOC
Brina ™G ekTEAEGNC TOV TPOYPALUATOC (tracing). XTI TEPIGCOTEPEC EKOOGELS TG
YADGGOC 1 OLVOTOTNTA VT EVEPYOTOLEITAL UE TNV EVIOAN

?- trace.

KOUL OTTEVEPYOTIOLEITOL LLE TNV EVTOAN
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?- notrace.
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AtToc@aApatwon (2/3)

H aneikovion g ektéheons akoAovOel To LOVTEAD TOV KOVTIOV EAEYYOV PONG EKTEAECNC
owaotkaciog (procedure box flow control model). To poviérlo avtd TopovctdleTal 6TO
akOAovBo oynua:

CALL EXIT
S ) —_—
predicate(X...):-...

FAIL predicate(Y...):-... REDO
EXCEPTION |
<

¢ CALL onuotodotel TV opyikn KAGN TOV KOTNYOPTLULOTOG

» EXIT onuatodotel tnv emxttuyio 6TNV KAON TOV KATNYOPTILULOTOS
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AtToc@aApatwon (3/3)

** REDO onuatodotei 0Tt 1) Tpo1yoOUEVT] KAAOT TOL KOTNYOPHLOTOC EXEL OTOTVYEL KO
OoKIUACETAL 1] EMOUEVT] EVOALOKTIKT] TPOTAGT) Y10 TNV 1KOvoToinon ¢ kAnons. To
1010 umopet va cvopPaivel ko dtav CNTape EVOAAAKTIKEG AVGELC.

¢ FAIL onuatodotei 60t 1} KAON OTETVYE EVIEAMC, ONA. OEV VILAPYOLY TPOTAGELS TOV
VoL IKOVOTTO100V TNV KANOT).

“ EXCEPTION onuatodotel 6t1 £ytve 6@AANA KOTA TNV EKTEAECT) TNG KANONG, OTMC
Y. ypnoiponomdnke Adbog tomov Opicua 6e Kdmowo katnyopnua. Ilpocoyn, oev
TPETEL VO, GUYYEETAL LUE TN ATOTLYI. ZVVNOMG, Kot av 0gv £xel AneOel uépuva and
TOV TPOYPOLUATIOTH, 1| EKTEAEGT TOVL TPOYPALUATOC CTOUATA.
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Napadeiypa (1/3)

[Hopakdtm divetor Eva TopAdELyUo EKTEAEGTC EVOC ATAOD TPOYPAUUOTOC:
a(X):- b(X).
a(X):- c(X).
b(1l).
b(2).
c(3).
| ?- trace.
trace.

{the debugger will first creep -- showing everything
(trace) }

yes
{trace}

MNapadeiypa (2/3)
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H NN R —
H NN R

X

?- a(X).

Call:
Call:
Exit:
Exit:

1 ? ;

a( 183) 2
b( 183) ?
b(l) °?
a(l) ?

(Zmtovue TV €0peoT EMOUEVNS AVGCTG)

11
2 2
2 2
11
X

Redo:
Redo:
Exit:
Exit:

2 ?

a(l) ?
b(l) ?
b(2) ?
a(2) ?

(Zntovue Vv €0peon ENOUEVIC AVGNC)
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Napadeiypa (3/3)

Redo: a(2) ?
Redo: b(2) »
Fail: b( 183) ?
Call: c(_183) ?
Exit: c(3) ?
Exit: a(3) ?

3 ? ;

R N M NMNDNDR
R N M NMDNDR

X

(Zmtovue TV €0OpeoT) EMOUEVNS AVGTG)
1l 1 Redo: a(3) ?
2 2 Redo: c(3) ?
2 2 Fail: c(_183) »
1 1 Fail: a(_183) ?
no
{trace}
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2E1PA TTPOTACEWYV KOl KANCEWV (1/5)

21NV 100VIKN TEPITTWOON 1) CEPA TOV TPOTAGEMV G€ £va Tpoypauuo Prolog dev Oa
Enpemne va, £xel onuacio, ®otdco avtd dev cvuPaivel. H celpd tov mpotdcemv Ko
TOV KANGEOV UEGO GE £Vl TPOYPOLULD ETNPEACEL OYL LOVO TNV ATtOO0GT] TOV
TPOYPALLATOC OAAA Ko TNV 0pOBOTNTA TOV.

¢ [Moapdderypa: 1o akdAovbo Tpdypappa LETPA TO, GTOTYEIO LG AIOTOG
len list(N,[ |Rest}):-
len list (NN,Rest),
N is NN + 1.
len 1list(0,[]).

2TNV €PMOTNGT TOV 0KOAOVOEL TO TPOYPALLO POIVETAL VO, OOVAEVEL IKAVOTOITIKY

?- len list(N, [a,b,c]).
N=3
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2E1PA TTPOTACEWYV KOl KANCEWYV (2/5)

AV OLmC dCOLUE OTOLOONTOTE OO TIC TOPAKAT® EPDTNCELS
| ?- len list(3,L).
Error 1, Backtrack Stack Full, Trying len lest/2
Aborted
| ?- len list(N,K).
Error 1, Backtrack Stack Full, Trying len lest/2
Aborted
N €KTEAECT] TEPTEL GE ATEPUOVA PpOY0 KAOBWDC 0 ap1oTEPOTEPOS KAAOOS TOV 0EVOPOL
avalnInong , Tov ONUIOLPYELTAL ATO TNV TPMTN TPOTAGT] TOL KOATIYOPT|LATOC, EXEL
drepo unkoc. To mpoPAnua oropbwvetor av aALAEOVE TN GEPA TOV TPOTAGEWDV
len 1list(0,[]).
len 1list(N,[ |Rest]):-
len list (NN,Rest),
N is NN + 1.
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2E1PA TTPOTACEWYV KOl KANCEWYV (3/5)

2TINV TEPIMTMOGT QLTI 01 OVO TPOTYOVUEVEG EPMTNGELS o ODTOVV
?- len list(N,K).

=0,

= [1;

=1,

= [_274732];

= 2,

= [ 274732, 274914];

= 3,

[ 274732, 274914, 275100]

?- len list(3,L).

[ 301566, 301588, 301610]

B — R 2 X2 X2 R =2
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2E1PA TTPOTACEWYV KOl KANCEWYV (4/5)

* Oa mpémel Aomdv vou dlveTal 1010iTEPN ONUOGIN KOl TPOGOYN GTI GEPA TOV
TPOTACEMV GTO TPOYPUULLA, 1OLUTEPO OTOV KATO101 KAAOOL Eivol ATELPOVL UNKOVGS, TO
01010 €lval GLYVO GTIC AVOOPOUIKES OLOOTKOUGIEC.

** 'Eva dAAo onpeio to omoio ypilel Tpocoyng elvar 11 GEPA TOV KANGEDV GTO GO0,
EVOC Kavoval, 101 GE KOTYOPT|LOTO, T, OTTOT0 QTAITOVY. OEV 0EXOVTOL eAeVOEPEC
uetafPAntéc ota opicuatd tovg. 'Eva 161010 mapdoetypo diveton méil pe to
Kotnyopnua len list/2
len 1list(0,[]).
len 1list(N,[ |Rest]):-
N is NN + 1,

len list(NN,Rest).

L)

2NV TEPITTMGT QVTH TO KATNYOpNUA 0€V Oa AEITOVPYNOEL KaULE EpMTNGT KOOMOE M
uetafPAnt) NN wov gpueaviCeton 6to 0e0TEPO HUEPOC TOV 1S/2 OEV £YEL TAPEL TIUT KOTA
1 (POVIKT] GTIYUT TOVL KAAEITAL.
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2E1PA TTPOTACEWYV KOl KANCEWYV (5/5)

» IIépa amd v 0pBOHTNTO TOL TPOYPAUUATOC 1) CEPA TOV KANGEWV EMNPEAlEL TO
OEVOPO avalTNOTG KO KOTA GUVETELD TO YPOVO EKTEAEGTC TOL KATYOPNUATOC. AV
KOl OEV DITAPYEL GLYKEKPIUEVT] LEBOOOAOYIO EKTEAEGTC, IOl KOAT TOKTIKT EIVAL VO
UTOLVOUV TTPMOTA, 01 KANGELS Ol 0ToieC Elval THAVO va, amoTOYOVY GLVTOUOTEPQ,
ONAadN €yovv WKPOTEPO aPOUO EVUALAKTIKDOV ADGEMV.
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