3. O MHXANIEMOZ EKTEAEZHZ THX PROLOG

H SwusiKaoia exTéAeong eveg npoypapuarog g PROLOG Baocifetal o' eva
unxaviopd evoroinong Kai gg éva UNXAVIOUO EMAYWYNS CUUMEQUOUATWV.

3.1 Evomoinon

H evoroinon (unification) aroteAsl TNV KEVIPIKA diadkaoia unoAoylopou
otnv PROLOG. Katd tn S10pKeld TNG EKTEAEONG evoc TIPOYPAHHATOG,
onowadnnote snefepyacia dedopévwv yivetat pe BonBeia Tng Sadlkaoiag
autris. Ma va optooupe TN dadikacla g gvonoinone, eival anapalmro va
opicoupe TPMTA TNV €Vvola NG avTIKATAeTaoNng (substitution) kal Tnv
gdvvola Tou oTiypiéTumou {instance).

Opiop6q: Avtikat@araon cival éva menepacpeEvo guvolo (mBava kevd) and
Zeuyapla TG pop@eng Xj = t;, orou X eivai pa peTapAnTni kal tj eivat évag
6pog. Mpéret X =/= X yia K@Be i =/= j kau n getapAnTi Xj va pnv epgavigetal
OTOV OO tj Yia KGBe i Kal j.

Ol QVTIKATAOTACELS PNopolv va epappocToly nave oe opous. To arnotéAsoua
NG ePAPROYAG TNG aviikataotaong 8={X1=tl,..., Xn=tn} navw oToV 0po t,
cupROAZeTaL oav t6 1 (t)g kat givail 0 Opog rou TpoKUNTEL and TNV aAAQYH
KaBe epaviong e petaBAnTic Xj Tou 0pou t e tj 1<i<n.

H aAAayr TS epaviong Tou X Ue tj, Uropei eniong va avagEEPETAL Kal oav:
+ TomoBétrnon Tou X; HE i N

¢ evripnon Tou X Me ¢

Opiopde: To A eival éva oTiypiéTumo Tou B av unapyxel avtikaractaon 6
TéTOlId WOTE A = B6

Mapadeiypara:
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O 6pog t(a,b) elval £va oTyHOTUNO TOU t(X,b) B1OTL UNIAPXEL AVTIKATAOTAON
0 = {X=a},

T4TOl0 WOTE VA LWOXUEL
t(a,b) = (t(X,b))g

O 6po¢ parent(jim,john) eivai éva oTtyputdtuno tou parent(X,Y) S10TL
UTTAPXEL QVTIKATAOoTAOoN

0 = {X=jim, Y=john}
TETOIO WOTE Va LoXUEL
parent(jim,john) = (parent(X,Y))g

Eniong ot 6pot f(a,a) xkal f(tg(a),t1(a)) eivai orypétuna tou f(X,X) pe
avtikaraoTacele {X=a} kat {X=ty(a)} avriotoa.

AvTiBeta o f(a,b) dev eival oTypoTuno Tou £(X,X) 16Tl dev priopolpe va
QVTIKATAOTACOULE OTOV (B10 6po, TNV TIPOTN ERPAVION TN UETABANTAG X HE a
Kal JE ToV SIaPopPeTIKG Opo b TNV deuTepn gppavion g petaBAntig X.

H Sadikaoia tne evonoinong déxetat oav elgodo dUo dpoug Kat anogaocilel £av
ot 300 auTtol épol propolv va gvoronBoly. ZTnV MEPNTWon Moy ot duo 6pot
uropolv va gvoromeouy, n Sladikaoia TG evomoinong EMIOTPEPEL TV TI
true, evld oTnyv avtiBetn nepinTwon EMOTPEPEL TNV Tipn false.

AUO H6pOL t1 Kat t2 priopolv va gvorolndolv eav:

& O tyelval peTaBAnTh, O tz OTIONNOTE
¢ 0ty elval oTaBepq, 0 ta 1 B oTaBepd
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% Oty elval cUVBETOG 6POG pe ouvapTnolakd ouppoAo f kaln opicpara, o tz
glvat emiong ouveeTog OPOG He CUVAPTNOLAKO CUNBOAO f kal n oplopata
KOl Ta n oplopara Tou ty pnopouv va evoroinBoldv pe Ta avtioTolxa n
opiouara Tou t.

Orav 1 evoroinon Twv U0 0pwv MeTUXEL, MApayeTal &vag TpiTog Opog, ©
orolog éxet 600 To duvardv TEPICOOTEPES AMO Tig METABANTEG TOU
TonoBsTnuévee. O 6pog autdg ovoualetal o moé YEVIKOG EVOTIOINTAG (the
most general unifier). Thé auoTnNEA oL £VVOIES TNG gvortoinong kat Tou tud
YEVIKOU EVOTOMTH] SlvovTal and ToV NMapakaTw opIouo:

Opiopég: Mia avTikardotaon 8 ovoualeral evomoiNTAg TV Opwv tg Kal tp
av t10 = t20, n &8¢ epappoyn g 6 néavw oToug t Kai tg Ovopagetat
gvomoinon. Mwa TéTown avtikaraotaon ovouddetai o mo YEVIKOG
gvomoInTHS TWV t1 Kat t2, av yia kG8s GAAo gvoromTh B3 TWV ty KAl ¢z TO
t101 elvai éva oTryOTUTO TOU t18.

Napadelypata evornoinong nou metuxaivouv, padl pe tov Mo yevikd gvoromnT
nou rapdyetal (8) kai TG avTIOTOIXES QVTIKATAOTAOEIG TWV HETABANTOV
divovral mapakaTw:

ty tz 0 AvTikardoTaon
X red red {X=red}
cheese Y cheese {Y=cheese}
size(X,big) size(lion,Y) size(lion,big) {X=lion,Y=big}
book(prolog) book{prolog) book(prolog) {}
same(dog,X) same(S,8) same(dog,dog) {S=dog,X=dog}
g(h(X),[ D g(Y,7Z) g(h(X),[ D {Y=n(X),Z=[ ]}
t(s(p,q),P) t(s(L,M),G) t(s(p,q),G) {L=p,M=q,P=G}

STA NAPAKATN MOPAdElYHATA N EVOTIOINON anoTUXaivEL:
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ty t2

time hour
s(X) t(d)
s(X,4) s(X,4,Y)
at(rome,bob) at(X,X)
s(1,X,X) s(Y,Y,2)
plus(2,5) 7

Maoathpnon: OTl ava@épBnKe LEXPL TOPA Y TNV evortoinon dUo opwv ioXUEL
LE TOV (510 akpIBAOG TPOMO Yia Ty Sladikacia evorioinang SUO aTOUIKMY TUnwv:
Avo atopwol TUmMot propolv va gvoronBoulv edv £xouv To idlo0 dvoua
KQTIYOPIHATOG KAl TG QVTIOTOIKA Opiopata Toug umopolv va evoroinfouyv.

3.2 O Mnxaviopég Emaywyng Zupmepaouatwy

O PNXAVIOHOG EMAYWYAS OUPMEPAOUATHV TOU XPNCLUOTOIEL N PROLOG
BaoifeTat o éva povadiké kavova CUTEPAcHoU ToU ovopadeTal avaAuon
(resolution). ZUpEVQ {e TOV KavOva NG avaAuong:

AoBEVTOC £VOC OTOXOU (epdTnong) G
- Aty ..o Ajo1y Ap Aj4ls e Ap. (D
kal wag gpaong €
A B1,..Bm.
TETOIOG OTE N KEPAAH TNG A KAl 0 UMOOTOX0G Aj va pnopolv va EVOToINoouv

Kai av @ £lval o TIo YEVIKOG EVOTIOINTAG TwV A Kat Aj, 1} avaAuon Tapayet 10 VEo
otoxo G"
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?' (Al, .« e ey Ai.l, Bl, . -,Bm, Ai+1, e o0y An)en (II)

H Siadikaoia skTéAeonc evog otdxou Baoifetar otnv enavalappavojpevn
£QAPUOYT TOU MAPATIAVK Kavéva avaiuong, Yia Ty napaywyri véwv oToXwv
and NAAOTEPOUS VI KABE UNOATOXO Aj.

H ekTéAeon evog otoxou G elval eruTuxng 6Tav 0 6ToX0G AUTOG PMOpPEl, HETA
ané éva nanepacyévo aplepsd Bnpdtwy eeappoyng Tou kavova avaiuong, va
HETAOXNUATIOTEL OTOV Kevd 0TdX0. Evag unoatdxog petaoxnuatifetal otov
KEVO UMOOTOXO £Gv N ppdon pe tnv orola propel va evoroindei givat gva

YEYOVOG.

Av BEWPHOOULE TO YEVIKS BHa EQAPHOYAG TOU Kavdva avaAuong, 010 OTOXO
() napatnpoUpe OTL GV 1 PAON {e TNV onola evoroleitat 0 UMooTOXOG Aj
glval yeyovog toTe 0 véog oToxog G' mou mapayetat elvat avtl tou (II) o e&ng:

7 (Afy+ v Ajots Ajy1s 0 o Apde. (III)
O otéxo¢ (III) eivat pewwpévog o axéon pe Tov (I) Kard éva unooToxo. AuTou

Tou eidouc ot PeIhoElg PMoPOUY TEAIKA VA LETAOYXNKATIOOUV TOV apxXIKO aToX0
OTOV KEVO.

Modygappe,

|
Y

Egootiony —>» execute

3 EvdaiEn Emvtugiag/Anotuyiog

—— AvxeTeoTaoels Metafhjrov

Ixhua 3.1
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Ztnyv neplrtwon rnou n eKTéEAeon Teppatidetal e erutuyla, av o apXKog oToxos
G, nepleixe PETABANTEG, TOTE Ol TIHEG TWV UETARANTWV QUTMV TIOU MPOEKUIaY
ard TIC avtioToiXes evomolNoelg kKatd Tn SIAPKELD TNG EKTEAEONG ETUOTPEPOVTAL
cav anavinon. Mia oxnuartikr avanapdotaon g dlodikaoiag eKTEAEONG
patvetal oto oxnpa 3.1

M tnv uhorolnon evég diepunvéa (interpreter) tng PROLOG mou Ba
AvaAapPAaveL TNV eKTEAEOT TWV OTOXWV Undpyouv duo Bacikd Inthayata nou
MPEMEL VA AVTIMETWIIHOTOUY, G GXEON HE TOV NIapandve kavova avaAuong. To
TIPMTO APOoPd OTOV TPOMO EMIAOYTG TOU urooTtdxou Aj TNG epwTNONG G mou 6a
avaAudel og KGO Brina TN ekTéAeong. To deUTEPO OPOPA OTOV TPOTIO EMMAOYNG
e epdong C pe v onoia Ba evononBel o unooTdxog Aj. ETot o kaBe Bripa
e napanave dwudikaciag n PROLOG:

(a) BwAéyel ndvrote TOV UMOCTOXO Tou Bplokerai o aplotepd oTnY
epOTNON. (APXIKA TOV Ay OTN OUVEXELQ TOV Ay KAl TEAIKA TOV Ap).

(8) kaBopifel Tn oeipd Twv Pppdoswy C rou dokpddovral yia va gvoroingouy
i€ TOV UMO EKTEAEOCT) UMOOTOXO (av UTIAPYOUV MIEPICCOTEPEG artd Jia), va
elvat ekeivn mou auTég epgpavilovtal oTo Kelevo ToU MPoYPAppaTog (N
10odUvaua oTo XMPOo EpYaciag).

Av oe orotadnnote oty n dwdikacia exktéAeong g PROLOG arotuxet va
Bpel evoronTh yia évav unootdxo Aj,1 omoBodpopci (backtracks). Katd

1 Swdwaoia g omobodpdunong anoppintet T @paocn € pe Tnv onoia
EVOTIONBNKE 0 UMOOTOX0G Aj KAl AKUPGOVEL OMOLECONNOTE AVTIKATACTACELS

npoékuav and tn dladikacia authg TG evoroinong. 2n cuvexeia Eavabenpel
TOV UNMOOTOXO Aj Kai mpoonadei va Bpel EVAAAAKTIKO TPOTO EKTEAEONG TOU.

(Mpoorabei SnAadh va Bpel TV ENGLEVN GPAEOT TOU MPoypapuaTtog Tng onolag
1 KEQAAR priopel emiong va evomomnBel Ue Tov Ay).

MNapadeiypata eKTEAeong dlvovTal oTr CUVEXEIa:

Napadeiypa 1:
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Edv BewprCoUpE TO MAPAKATW NPOYPAUNG :

(P1) big(horse).

(P2) big(elephant),

(P3) big(bear).

(P4) small(cat),

(P5) brown(bear).

(P6) brown(horse).

(P7) black(cat).

(P8) gray(elephant).

(P9) dark(X) :- blacK(X).
(P10) dark(X) :- brawn(X).

Ta Swadoxikad Bnuara nou akohoubel n PROLOG vyia tnv eKTéAeon 1ng
EpPWTNONG:

(G) ?2- dark(2), big(2).

elval Ta eENe:

B1]

B2]

H PROLOG avalntel yéoa oto mpdypapa tny npdtn ¢paon g orolag
N KeaAy priopel va-evonoinBel pe Tov npdto unootdxo dark(Z) g G. H
ppaon (P9) mAnpel autég Tig npolnobéoeig. To ompa NG Pppacng autng
avTIKa8lotd Tov TPOTO UMOOTOXO KAl N apXlky e£pwInon
MeTaoxnparifeTal otTnv:

(GW) ?- black(Z), big(Z).

{ EB® npénet va maparnpiooupe 61l N @pdon (P10) anoteAei
sVAAAGKTIKY) AUon. Ta 1o Adyo autd n PROLOG onpel®@vet T ppaon auTth
oav onueio onoBodpounong (backtracking point). }

Avalnrtelrat ppdon nou va unopel va evoroinBel pe Tov UMooTodXo
black(Z) Tng G, H ¢paon (P7) nAnpel TI¢ TPOUTIOBECELG LE TNV
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B3]

B4]

avTikataotaon {Z=cat} Kal enewdn n epdon auth eival yeyovog n GO
HeTaoxnuartideral otnv:

(G®) ?- big(cat).

H ektéAeon Tou unoatdxou G@ arnotuxaivel, 5101t dev unapxet epacn pe
v onola va propet va gvorondel. H dtadikaoia extéAeons omuoBodpopel
oT1o BAHa Bl kat n avrikardotaon {Z=cat} akup@OveTaL TOPA N €pAOTNON
elvalr Eava n:

7. black(Z), big(Z).

Avalnteital @paon petd v (P7) nou va pnopei va gvoromBei pe tov
urootéxo black(Z). Tétowa epaon dev unapxel, onédte n dadikaocla
gkTéAeonc oruoBodpouei kat avalntel eVaAAAKTIKN ¢paon peTa tnyv (P9)
ue Tnv omoia uropel va gvornoinBel o unootoxog dark(Z) tng apxKng
gpoTnong G. H ¢pdon (P10) emAéyetal kat n G petaoxnuarigerat topa
otnv:

(G®) 7. brawn(Z), big(Z).

{ Ztnv npd&n propotue va Bswpricoups OTi N Sadikaoia eKTEAEONS NG
PROLOG oruoBodpopel kat' gubeiav oTov unocToxo dark(Z) tng G Kal
gruAéyet T @paon (P10) yuartl ekel Bplokeral 1o Mo npdéoeato onpeio
oroBodpéunong. }

Avalnteital ¢paon mou va pnopeil va evoroinBel pe tov unootdxo

brawn(Z) The G®. H ¢paon (P5) nAnpel Tig npounobéoelg pe v
avtikatdotaon {Z=bear} kaln G® peraoxnuariferal otnv:

(GW) ?- big(bear).

{ H ppaon (P6) arotehsl onpeio onotoBodpoéunong. }
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BS] O unootdxog big(bear) unopei va gvoroinBei pe tnv epaon (P3) kai
eneidn] n eppdon auth eival yeyovog n G@ petaoxnuaTtifetal otnv KevRA
gpwtnon. Autd onuaivetl 6Tt n ekTéAson TepuparifeTat pe emruxia Kal n
avtikatdotaon {Z=bear} anoteAel pia Avon.

210 onueio autd edv o xprotng Intoel and to ovotnia tng PROLOG
EVAAAGKTIKA AUCTH, O UNXaviopog eKTEAeong Bewpel 6Tt n TeAlkn epdnon G@
£XEL anOTUXEL KAL EMIICTPEPEL OTO IO NPOoPaTo onpelo oruocbodpdunong yia va
ouveyioet aré exel tnv exTéAsoN:

B6] EmuAgyetal n @paon (P6) nou propel va svomnondei ye tov urootdxo
brown(Z) tTn¢ G® pe v avukaraotaon {Z=horse} Kar n G®
petTaoxnuatiletar otnv:

G® ?- big(horse),

B7] O unootoxog big(horse) propei va evoromnBel pe v @paon (P1) kal
enedn n epdon autn elval yeyovog n GO petaoxnuatifetal otnv Kevr
epOTNON. Autd onpalvel 6Tl N extéAeon TepuatieTal pe erutuxia kai n
avtikataotaon {Z=horse} anoteAel enlong Avon.

Napadeiypa 2:
Ag Bewpricoupe 10 npdypappa 1.2 mou d66nke og ponyoU eV MApaypapo
KOl TNV £pWTNON.

(G) ?- located_in(sindos,northGreece),
Ta BApara g eKTEAEONS TNG epWTNONG elval Ta eENg:

H apxikn epotnon G petd and tnv evonoinon g pe ™ ¢paon (L8) Kal pe
avtikaraotaon {X=sindos} petaoxnuatiferal otnv:

(GW) ?- located_in(sindos,thraki).
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Me m BonBeia g gpaong (L5) n G® petaoynuartifetat otnv:
(Gw) ?- located_in(sindos,n_alexandroupoli).

H G® anotuxaivel kat n diladikacia g extéAeong oruododpopei oty epOTNON
GO, oroia pe Tn BorBeia g (L6) petaoxnuatifetal otnv:

(GW) ?- located_in(sindos,n_xanthi).

?- located_in(sindos,northGreece),

N
L8 ‘ L9

Voo

?- located_in(sindos,thraki). l 2 located_in(sindos,makedonia).
L T~ ‘ N
Ls A L ! L7
/ |
v o v '
?-located_in ?- located_in ?- located_in
(sindos,n_alexandroupoli). (sindos,n_xanthi). (sindos,n_thessaloniki).
' /
» v Y
fail / ail / L4
true
Zyxfnua 3.2
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H G®, griong anotuxalvel kat n dadikacia ektéAeong oruocBodpopel otnv
apyxwn gpwtnon G. Auth ye t BonBewa Tng ¢paong (L9) peraocynuatifetat
otnv:

(GW) ?7- located_in(sindos,makedonia).
H G® pe mn Bondewa g opaong (L7) peraoxnuarideral otnv:

(G®) ?- located_in(sindos,n_thessaloniki).
H G® pnopei va evoroinbei ye 10 yeyovog (L4) kal petaoxnpatifetal oty

KeVT} @pAacn, rmou onpaivet 0Tt N eKTEAEON TNG APXIKNG £pdTRoNg TepuarifeTal
ue erutuyia.

Epwtnon

5D
=l e

-

B/A\C

el ep B B - B e I - B -~ I
=R ep B!
Jo

D F E F O
! I ! /\: kOUBOG AND
- A B G H A\ KopBog OR
| l [ : erutuyia
on 0o

# . arotuxla

Zy. 3.3: AvanapGoTaorn NG EKTEAECNG HIAC pOTNONS
pe tn Bonbeia AND/OR Sévipou.,
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H Sadikaoia ekteAeong tng ep®dINONG paivetal oXnUaTika oto oxiua 3.2 (H
dlodikacia g omoBodpodunoNng onpeEldveTal OTO OXNUa He T Bofbeia
SIAKEKOUEVNS YPAUMAG.)

evika n 0An dadikacia g ektéAeong otnv PROLOG pnopel va napaotadsl pe
v Bondela evoég AND/OR SévTpou. X KGBe kOpBo AND avTIoTOIXEl KGnolog
0T0X0G G. Zta KAGdA Tou KOpBou AND QvTioToloUV Ot UMOOTOXOL TIOU N
oUCeUEN Toug propel va avtikaraoctioetl 10 oT16X0 G. S¢ kabe 01dX0 G propel
eniong va avtiotoixel &vag OR kO6PBoG, Ta KAASIA TOU OMolou NApIcTAvoUV TiC
KEPAAES TOV PPACEW®Y MOU UMOPOUV va eVOTOINGoUV EVAAAGKTIKA HE TO OTOXO.
Mapddetypa xpriong AND/OR 3évtpou dlvetal oto oxfua 3.3.

2& TIOAAEG TIEPIMTMOELG Ol KEPAAES TWV PPATGE®Y MOU PNopolv va evoronBoly
eVAAAOKTIKA |e Karolo oTtdxo dev avaypapovrat oto AND/OR Bévrpo, e
AMOTEAEOUA, TO BEVIPO AUTO va £XEL pia Tid OUNMUKVOPEVN HOPOR (OxALa 3.4).

Epwtnon
A \
B C

ZAN

=

g——oa——=«

0 —x ——
I

zY. 3.4: To ouprukvwpévo AND/OR dévTpo Tou oxfpatog 3.3
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3.3 Aoknocig

1] ©ewpnote 1o napakdrw npdypapua:

a(1,1). a(2,1).

a(3,2). a(4,4).

b(1,2). b(1,3).

b(2,3). b(3,2).

b(4,4).
Moteg eival OAeq ol anavrioelg, nou 8a dwoet n PROLOG OTIC NMAPAKATW
EPWTACES:

a) 2 a(X,Y), b(X,Y).

b) 2 a(X,Y), b(X,Y), a(Y,Y).

2] Eotw To Napakatw npoypapua:

boss(dick,harry).

boss(tom,dick).

boss(ann,mary).

boss(marry,harry).

boss(harry,nick). "
Meptypayte avaiutika Ta Bripata nou 8a kavel  PROLOG yia va anavTiocl
TNV MApAKATw epwTNON (Qewpriote 6Tt {nTouvTal GAEG ot Auoe.):

?- boss(X,Y),boss(Y,Z).

3] Eotw 10 0Uvolo TV GpacEwy:
human(turing).
human(socrates).
greek(socrates).
fallible(X) :- human(X).
Tinapdyet n Apxn g AvaAuong av epappooTel oTnv NapakdTe epoTRON:
?- fallible(X), greek(X).
(AwoTe OAa Ta Brpata uéxpl va anavinsel n epdtnon)
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