Teyvnth Nonuooivn M. Kouvynropdxng
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Yupnepacwog ot Aoyiy) Ipwtne Tdci*qq'

Teyvnth Nonuooivn M. Kouynropdxng

Yuunepacpog otn Aoywxy| Ipwtng To’cing'

Ye onotadhnote hoyixt|, o cupnepacudc (inference) ¥ 7
ocuvlloyoTixy (reasoning) eivon 1 draduxaoia TS UNAVXAS

eZ0YWYNC CUUTEQUGUATOV antd BoouéVEC UTOVETELC.

Or uno¥éoeic umopet va etvon 1 Bdon Yvwoewy Tou €youpe
OTULOVPYYOEL YLOl ULoL EQUPUOYY| X0l TO CUUTEPACUA EVag TOTOE TOU
Véhoupe va eréyEoude av EMEToL AOYLXA Ad T1) YVOOT TOU €Y OUE.

O ouunepaoudg eivar cuvhidng o dtadxacio pe éva 1 teplocdTepa
Bruata. Kdde Briwa autric tne otadwaocioc tepthauBaver tny
£QUPUOYN VOC xavova cupnepacpol (inference rule).
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/ Kavéveg EUp.nspocop.ot')I \

‘Evac xavovag cvupnepacpot (inference rule) eivor pio éxgppaon

™S HopYhic

a1,09,...,0n,
OTou g, (g, . ..,y Elval TOTOL TNE AOYLXAC TEKOTNG TAENC oL onolot
ovoudlovtal vroVeoelg xou 3 elvon évac TUToC Tou ovoudleTal

CURTEQACLAL.

‘Evoc xavévae ocuunepacuol egappndleton we e€hc: onotedrinote
€Youpe €va 6UVOAO TUTWY oL ToELaloLY PE TS UTOVECELS TOU
XAVOVOL, UTOPOUUE Vo EEAYOUHE TO CUUTERAUCUAL.

Ened?, o ouunepaouds elvon o unyovixy) dtadixacto, urnopel va
xwdwononlel and €va ahydprduo xal vo ypnowonoinel yia Tnyv

Q)\orcoinon ELPUOY TPAXTOHPWV. /
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H 'Evvoiwa tng HHoagaywyns 1 AnéBen&an

‘Eotw ya uédodog cuunepacpol tng hAoywic mewtng tééng xou KB
€Vat GUVORO UTOUECEWV.

Oo Aéue OTL EVaL CUUTERAUCUA @ TTARAYETOL UG TO GUVOAO TWV

uno¥éoewyv KB avy
e ¢ clvan €va oTolyelo Tou cuvorouv KB

o ¢ cival To AMOTEAECUA TG EQUPUOYNC EVOC XAVOVA CUUTEROUCUOD
o€ €Val GUVOAO TIPOTACEWY TIOU TapdyovTal and to cLUvoro K B.
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H 'Evvowa tng HHagaywyns 1 AnéSenEngI

Muw ropaywy? (derivation) 7 anddeln (proof) evéc

CUUTERACUATOC ¢ amd €va olvoho unodécewy K B elvor pia
axohovdio UMWY oty omola xdde TOTo¢ elvan ctotyelo tng KB 7
TEOXOTTEL ATO TNV EQUPUOYY| EVOC XAVOVO CUUTIERACUOL GE
Tporyolueva otolyelo Tne axohoudioc.

YupPoiiopde: ‘Otav undpyet plo anddellr) Tou TOTov @ amd TNy
KB, t6te ypdgouue KB = ¢.
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4 )

‘Opvéc xau ITAvpeic MEDobdol Eup.nepocopob'

©éhouue va Beolue o uédodo cuumepaoUol Yia T1 AOYLIXH TEWTNG
Ta&ne mou va elvar opd ko TARENS, ONAadY| va Loy Vel

KBEa avw KBF «

v x&¥e obvoro tinwv KB xot xdlde tono a.
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Koavdvec ZUp.nepoccp.o{)I

Ot mopaxditew ®ovOVEC CUUTERAGUOU TNG TEOTACLAXNG AOYLXYG

oY VoLV oL Yol TNV AOYIXH TEMTNG TAENG :

e Tobmoc tou ¥étewy (modus ponens): “-Z== O‘B:w

al/\ag/\.../\an
g

Anohorpy) o0levinge:

a1,02,...,0p
a1 NagA... Ny,

Elcaywyr odlevine:

I o 7 S
ai1VagV...Van

Ewaywyr Sudleving:

o

«

Anaholpy| SitAfc dpvnorg:

Movodiadar avéhuon : =8

aVvB, =BVy
aVy

Avdrvon:

Teyvnth Nonuooivn M. Kouynropdxng

4 )

Kavoveg Xvunepacpon (cuvéxs:wc)'

Trdpyouv enione xavdveg ouunepaciod Tou elvar ELBIXE YLoL TNV
Aoy TEKTNG TEENG.

INa va Toug Tapouctdoouue, Yo YEELAoTEL TEMTA VoL OPICOVUE UEPLXES
VEEC EVVOLEC.
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/ H 'Evvoiwa tng Avuxovcdco*cocong' \

Optopog. M avtixatdotacy (substitution) 6 eivon éva

TENEPUOUEVO GUVOAO TNe pop@hc {v1/t1, ..., v, /ty} bTou

o xdie v; elvon war YeTaBANTH xan xade t; elvan €vac 6pog
OLALPOPETIXOC ATO TNV V5,

® oL uetofSAnTéc vy, . . ., Uy Elvor SlagopeTixéc peTall Toug, xal
® XYoLl UETABANTH v; OEV UTHPYEL O XATOLO UG TOUS OpOUC ;.

Kdéde otowyelo t; Myetor déopevon (binding) yia vy v;. Ot
wetaBAntéc nou €youv deopedoeic Ayovton deopevpévee (bound).

H xevh avtixatdotaoy (empty substitution) Yo cuuBorileton

o /
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4 )

H 'Evvoia tng Baowxyc Avuxovco’corocong'

Optopde. M avuxatdotaon Aéyetor Baowxh (ground) av ol
bpot t; Sev meptéyouv yetaBAntéc (dnhady, elvar Baoixol dpot -

ground terms).
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4 )
IMapadelypota I

{z/John,y/Mary} xou {x/John,y/MotherOf(z)}

Ta chvola

elvan avtixataotdoeg. H mpdtn elvar Boowxy).

Ta chvola

{z/F(x)} wo {z/G(y),y/F(z)}

dev elval avtixatacTtdoslc.

N /
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Eg@appoyn ptag Aviixatdotaong ¢ Eva Tt'mo'

‘Opwopéde. Eotw 0 = {vi/t1,...,v,/tn} o avuxatdotoon xow o
wat éxppaon (6poc 1 TUToC) e Aoyxic TewtNne Tdéne ywelc
nocodeixtec. Oa ouuBolilouue ye

SUBST(6, )

TNV EXQEACT) TTOU TEOXVUTTEL ATO TNV & OTAY EQUPUOCOUUE TNV
avTxatdotaot 6, dnhadr 6Toy AvVILXATACTACOUUE xae PETABANTH v;

we tov 6po t; (i=1,...,n).
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4 N
IMapadelypota I

SUBST ({x/John,y/Mary}, Loves(x,y)) = Loves(John, Mary)

SUBST ({z/John,y/HouseOf(z)}, Likes(x,y)) =
Likes(John, HouseO f(z))

IMapathpnon: SUBST({},a) = a yio xde éxppoaon tnec Noyixhc
TEWTNS TALNC .
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Avo Néolw Kavoveg Eup.nspozop.o()l

Oo 5WOooLYE BUO VEOUC XAVOVEC GUUTERACUOD YLt TN AOYLXY| TRTNG

Ta&NC MOV APoPOVY TOUC TOCODEIXTES:
e Kadohixde Ilpoodiopiopds (universal instantiation): T
xde TOmo a, YETABANTA v xat Bacixd 6po t:

(Vv)a
SUBST ({v/t}, a)
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4 )
IMapadelypota I

e A6 tov tino (Va)Likes(x, IceCream) unopolue vo

ovunepdvoupe Likes(Ben, IceCream) ypnoylomoudvtac tny
avtxatdotaon {x/Ben}.

e A6 tov tino (Vx)(3z)Hates(x, z) unopolye vo cUUTEREVOUUE
(3z)Hates(MotherO f(Ben), z) ypnoLLOTOLOVTIC TNV
avixatdotaon {x/MotherO f(Ben)}.

ITpocoyn: O xavévac tTou xadohxol Tpocdloployol Loy el xoL yia
un Baowole 6poug t, OuwS TEETEL VAl EUNOTE TPOCEXTIXOL UE TIC
uetafBAntéc mou gugaviCovton ota a xou t. Aelte to BiBMo hoyihc
Tou Enderton yia tov axpi37| opiopd tou xavova ¢’ auty| Ty

replnTwon.

/
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Avo Néorw Kavoveg Eup.ﬂ:spozop.o()l

o YTroapliaxde Ipoodiopiopds (existential instantiation):

[o xdde tomo o xou yetafinth v:

(Fv)a
SUBST({v/K}, )

onou K elvan éva véo olyforo otadepdc.

IMoapddevypo: And (Jz)Likes(x, IceCream), unopolue va
ovunepdvouue Likes(Somebody, IceCream) epboov 1o
Somebody eivar éva véo olpfolo otadepds mou dev €xel

xenowonotniel evwpltepa.
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ITapdderypo Anddetng I

Ac Jewprooupe To Tapaxdtw xelpevo:

O vépog Aéel 6Tt elvon Eyxhnua Yo évay Auepxavo va
ToLAdEL 6mAa og exdpd xpdtn. To xpdtoc Nono, mou eivor
exVpoc e Auepxrc, €xel mupabiouc. ‘Oloug autols Toug
TupadAoug Toug €xel ToLAYOEL 670 Nono o cuvTayuaTdEY NS
West, o omolog elvar Apepixavéc.

[Ty propolue va ‘UeTaPEAGOLUE’ AUTO TO XEUEVO GE ANOYIXY| TPWTNG
TAENC, 0L VO YPNOLUOTOLIGOUUE TOUC XAUVOVES CUUTIEQUGHUOU TOU
dwoape TapaTdve, Yo vo anodellouue 6Tt 0 West elvan eyxinuatiog;
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/ Atwotonwon os Aoywixn Ipwtng Tdc{‘qg' \

o ... clvan €yxinua yia évay Auepixavd vo TouldeL 6Tha og

e Ve xpd ).

(Vx,y, z) (American(x) A Weapon(y) A Nation(z)A
Hostile(z) A Sells(z, z,y) = Criminal(x))

e To xpdtoc Nono ...
Nation(Nono)

o ... mou elvan exVpde TNC Auepnic ...
Enemy(Nono, America)

o ... €yel TupALAOLC.

\ (3x) (Owns(Nono,x) A Missile(x)) /
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Awxtonwon oe Aoy Ipwtng Tdc{‘qg'

e '‘O)oug autolc Toug mupadAoug Toug Exel TouAfioel oto Nono o

cuvtayuatdpyne West.

(Vx) (Owns(Nono,x) A Missile(x) = Sells(West, Nono, z))

IMapatripnon: Aev xatpaypddaue tov otpatiwtind Badud tou West
eneldn 0ev o wog ypetaotel yiol Vo BYSAOUUE TO GUUTEQUGUA HAC.

e ... o omolog elvon Apepuavoc.

American(West)

Teyvnth Nonuooivn M. Kouynropdxng

Awxtinwon oe Aoywxn Ipwtng Tdci‘qg'

Oa ypeeracTolue enloNng TIC TOEAXATW TEOTAGELS TOLU BEY LUNAEYOUY
oTo %elpevo mou pog 86UNxe. Ol TEOTAOEC AUTEC XWOLXOTOLOUY
YVWOOT| TOU €YOUUE 1O OYETIXA UE TO TEDLO EPUPUOYTHC XOL UTOPOUUE

VO TNV Y PTOLHLOTOL COVUE.

o H Apepuy| ebvar xpdtoc.
Nation(America)

e Ot mhpavdol etval 6mAaL.

(Vx) (Missile(z) = Weapon(z))
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Atotonwon oe Aoy Ipwtng Tdc{‘qg'

e Y10 mopamdvew xelpevo ‘exlpdc tne Auepuenc T onualver ‘eydpixd

xpdtog .
(Vz) (Enemy(xz, America) = Hostile(x))
IMapatrpnon: Oo urnopolooue va £youue OLTAT cuvenaywyr. H

AmAY) CUVETAY WYY Efvall apxeTh Yol var BYdAoude TO cuuTEpUoUL

HoLC.
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: h

e A6 tov tono (3x) (Owns(Nono,x) A Missile(z)) xo tov

%avOVoL ToU UTEELAXOU TPOoDLOPLOUOD €Y OUUE:

Owns(Nono, M1) AN Missile(M1)

e Ané tov tOmo Owns(Nono, M1) A Missile(M1) xow Tov xavova
anahotpric tne obleuéng €youye:
Owns(Nono, M1), Missile(M1)
e A6 tov tino (V) (Missile(z) = Weapon(x)) xat tov xovévo

ToU ®oYOALX0U TPOGBLOPLOUOU €Y OUUE:

Missile(M1) = Weapon(M1)

N /
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4 N

e And tolc timouc Missile(M1), Missile(M1) = Weapon(M1)

xo tov xavéva Modus Ponens €youpe:

Weapon(M1)
e Ané tov tino
(Vx) (Owns(Nono,x) A Missile(x) = Sells(West, Nono, x))

%0l TOV %avéva Tou xadohxol Tpocdloploynol €y oule:

Owns(Nono, M1) A Missile(M1) = Sells(West, Nono, M 1)

N /
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g h

e Ané tolc tUnouc Owns(Nono, M1) A Missile(M1),

Owns(Nono, M1) A Missile(M1) = Sells(West, Nono, M 1)
xou Tov xavova Modus Ponens €youye:

Sells(West, Nono, M1)

e Ané tov tiTO
(Vx,y,z) (American(x) AN Weapon(y) A Nation(z)A
Hostile(z) A Sells(z, z,y) = Criminal(x)) %ot Tov xavova ToU
xadoAxo0 Tpocdloptool (3 gopéc!) €éyouue:

American(West) N Weapon(M1) A Nation(Nono)A

\ Hostile(Nono) A Sells(West, Nono, M1) = Criminal(West)/
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4 N

e Ané tov tino (Vz) (Enemy(z, America) = Hostile(x)) xat Tov

%AVOVOL TOU X000V TPOGOLOPLoUOD €Y OUUE:
Enemy(Nono, America) = Hostile(Nono)
e Ané touc tUnouc Enemy(Nono, America),
Enemy(Nono, America) = Hostile(Nono)

xo tov xavéva Modus Ponens €youpe:

Hostile(Nono)

N /
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4 N

e Ané toug tUmouc
American(West), Weapon(M1), Nation(Nono),

Hostile(Nono), Sells(West, Nono, M1)

xaL ToV xavéva eloaywyhc o0leuéng €youye:
American(West) AN Weapon(M1) A Nation(Nono)A

Hostile(Nono) A Sells(West, Nono, M1)
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4 N

e Ané touc tUmoUC
American(West) A Weapon(M1) A Nation(Nono)A
Hostile(Nono) A Sells(West, Nono, M1),
American(West) AN Weapon(M1) A Nation(Nono)A

Hostile(Nono) A Sells(West, Nono, M1) = Criminal(West)

xou tov xovova Modus Ponens €youye 10 cuunépaoyo pac:

Criminal(West)

N /
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H Etpeorn Anédeing wg IpofAnua Avoch']'tv]o'qu

H ebpeon anddeing umopel va dtatunwiel ooy npdBinua avalftnong:

o Apywxn xatactacy: 1 doouévn Bdon yvaorne KB.
o Evépyeteg: ol eQupUdCLUOL XAVOVEC CUUTERACUOD

e 'Eleyyog otoyou: H Bdon yvwone KB mepléyel tny mpdTacT)
7oL TpooTadolUEe Vo anodelEOLYE.
'Etol xdie ahyobpriupoc avalrtnong mou yvwpeiloupe Yo pnopoloe va
yenowomotniel yio va Bpedel plo anddelrn. Auotuyme duws To edlo
aval¥tnong etvon dnelpo!

N /
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Avaywyn oec Ilgotacioxy AoYLx'r']I

IMTapatrpnon: Xto mporyoluevo mopdderyyo eldaue 6TL 1 Yenon Tou

xadoAxol Tpocdloplonol ot Tou UTAEELIXoU TEOGOLOELoUOU, Yag 0dNYoUcE GE
TUTOLG X welc RETABANTEG TOL Elvall OLCLACTIXA LGOBVVAROL LE TOTOLG

NG TPOTACLAXNG AOYLXYC.

Epdtnomn: Mynwe Yo urnopolooyue va yetatpédouye onotodrrote cUvolo
UMWY TNg Aoy Tewtng tééne KB ot éva obvolo TUTwY g TpoTaoloxhc
hoyinhc K B, epapuélovtog unapéloxd npocdloploud 6mou autds elvon
anapa{tnTog xat xdoAxd TEOGHLOPIOUS Yol GAEC TIC BUVATEC TEPITTOCEL GPWV;

o /
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Avaywyn oe Ilgotacioxy AoYLx'r']I

Av 1 KB dev nepiéyel olufola cuvapthcewy, 16te 1) KB, elvon

TMEMEPACUEVT XL UTIOPOVUUE VAL EQAEUOCOVIE 0pY00G Kol
TAAEELC XAVOVEG CUUTERACKOV TNE NpoTtactoxfe AoyixAg (4
nivaxeg akndeiag) Yo vo anoQoacicovue oyeTixd Ue
IXOVOTIONGLUOTNTAL, Aoy xdALT, Aoyixr .ooduvauia 1
EYHLEOTNTAL.

Yty mpdén Yo yenotdonotoUoape XAToto anodotixd ahyopriuo Yo

TO TPOBANUA TN LXAVOTOLNOUOTNTOC.

N /
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Avaywyn oe Ilgotacioxy AoYLx'r']I

Av buwc undpyouv cluBola cuvapthoewy oty KB, t6te 1y KB,

unopel va elval dmeten: UTopoUUE Vo EQUpUOCOUUE XadOMXO
TpOGdloplopd yia Ghouc touc (dmelpouc) pouc oL UToPOVY Va
dnuovpynUoly e ta oluBola ctadepndv xat petaBAnToy e K B.

Y auth TNV TERITTWOT Ol XUVOVEC CUUTIERACHOU TNE TREOTACLAXNC
Aoywhic Bev umopolv va Bonihcouy. Eutuy®e ylo Yog, undpyel to
Yewpnua tov Herbrand to onolo pnopolue va ypnowwonolicouye

¢’ auUTY| TNV TEPITTWOT.

N /
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Ocwprnuo TOL Herbrand'

To Yedpnuo tou Herbrand pag Aéet 1o e€¥c (ywplic va divoupue dhec

TIC AETTOUEQPELEC):

Av KB |= ¢ téte undpyet éva nenepacpiévo unochvoho S
e KB, dote S = ¢.

Epdtnon: Ko w yivetow av KB [~ ¢; Mropolue va 1o EEpoupe;

N /
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Huanogacwdtnta tng Aoyixng Ko’c)\uc])'qgl

H andvtnorn duotuyde eivar oxt. To mpdBinua tne Aoyueric xdiudne

YLoL TNV AOYIXA Te®TNE TAENC elval NuLatopacioo
(semi-decidable) énwc anédetlav o Alan Turing xou Alonzo
Church (to (8to toylet xou yior To TEOBANUA TNE txavoTonoudTnTac,
NS AOYWAC LoOBUVOULNC XAl TNE EYXUPOTNTAC).

Anhadih, yio xdde ahydprdpo yia To TEOBANUN TS AOYIXAC XAAUPNG
(1., avdhuan) woylet to e€hc: Kadde o ahydprduoc tpéyet, dev
umopolue va yvopilouye 6Tt €xel Téoel o atépuova Bedyyo ¥ 6T 1
anddelln o eUpavioTel TNy ENOUEVY] YPOVIXT OTLYUY.

N /
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4 N

Trdpyouv didpopec anodetleic otn Bihoypapla oyeTxd ye Ty

NULITOPACLOETNTA TOU TPOBAAUATOC TG Aoy xEAuPng yior T
AOYWH TEWOTNG TAENC.

Auté nou o&ilet va mapatnpriooupe elvan 6Tt YpelalduacTe EAYLOTN
ané THY EXPEACTIXN LXAVOTNTA TNC AOYIXAC TEWTNE TAENC Yol VoL
(PTAGOUUE GE NULATOPACLOWUOTNTA Y., ROVO EVA BLUENEG

xatnyopnua xat xadohov cORBola cuvapTHoEWY.

To anotéheopa auté elvar and €va dpipo Twv Kalmar and Suranyi
oto Journal of Symbolic Logic, Vol. 15, 1950, pp. 161-173.
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4 )

Amodotixéc MeEDodot Euwcepocouof)l

O TEOYWENCOLPE THEA TNV ToEOUGtAcT| Hac xat Yo TUPOUCIAGOUIE
HEVOB0UC CUUTEPUOUOY TOU S ETLTEETOUY VO XAVOUUE ATOOEIEELS Ue
ATOBOTIXOTERO TEOTO AT OTL XAVOUE UEYPL TWEA.

ITpwv mpoywerioouue Vo YEELUCTOUUE UEPIXES VEES EVVOLEC.

N /
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/ YOveorn AVTIXATACTACEWY I \

Opopde. 'Eotw o avuxotactdoeg 01 = {u1/s1,. .., Um/Sm } xou

O = {v1/t1,...,0,/tn} ToU elvon TéTOEC dOTE NOULE PETABANTH TOU
elvar decueupévn ot 01 vo unv epgaviletor otny 2. H cbvdeon
(composition) tnc 1 pe v 62 cuyPoliletar pe
COMPOSE(0;,02) xou elvar 1 aviixatdotoon

{ul/SUBST<‘927 31)7 s 7um/SUBST(‘927 Sm)vvl/tla s 7Un/tn}'

AroicIntixd: o va utoloyicouue 1 oOvieon
COMPOSE(0,,02), epappdlouye tn 2 otouc dpouc tne 01 o
uetd mpocVétoupe ta Lebym g Os.

YupPoiopde: ‘ANol ouyypagelc ocupBollouy tr cdvieon trg 04

\pe Vv 02 e e€hc: 010, /
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/ IMapadelypata 3Ovdeong I \

e FEotw ) ={z/y,z/G(w)} xou 03 = {y/A,w/D}. Téte
COMPOSE(#,,02) = {z/A,z/G(D),y/A,w/D}.

e Eotw ) ={z/y,z/G(w,y)} xou 0 = {y/v,w/D}. Téde
COMPOSE(61,02) = {x/v,z/G(D,v),y/v,w/D}.

o Eoww 0 = {z/y,2/G(w)} xo O3 = {y/x}. H cbvdeon dev
optleton og aUTH TNV TEP(TTWOT ETEWY| TO T elval SECUEUUEVT

LETABANTA oty 01 xou undpyel oty Os.
e Eotww 6y ={z/F(y),z/y,w/D} xou 03 = {y/A,v/E}. Tote

COMPOSE(0,,02) = {z/F(A),z/A,w/D,y/A,v/E}.

Teyvnth Nonuooivn M. Kouynropdxng

ISw6tnteg e Et’)vﬂso'qgl

Ocwpnua. 'Eotw ol avtixatactaoelg 01, 02 xou 03 xou 1) éxgppacr
e Aoywrc mpadTne téEng ¢. Téte

1. COMPOSE(6,,{}) = COMPOSE({},6:) = 6,
2. SUBST (0, SUBST (61, ¢)) = SUBST(COMPOSE(61,05), 3)

onotedfjrote oplleton 1 cbvdeot).

3. COMPOSE(COMPOSE(6:,65),63) =
COMPOSE(6,, COMPOSE(65,05))

onotednnote oplleton 1 obvieon.




Teyvnth Nonuooivn M. Kouvynropdxng

H 'Evvoia tn¢ Evonoinorg (Uniﬁcation)'

Oplopde.  'Eva olvolo exgpdocwy {1, ..., ¢, } elvor

evorowjowo (unifiable) av xo pévo av undpyet i
avTuxatdotaot § Ttou dtav eQaUPUOCTEL OTIC EXPRACELS P1, . . ., Pp TIC
XAveL (Bleg cUVTAXTIXG, ONAAOTN

SUBST(0,¢1) = - = SUBST(0, éy,).

Ye auth T mepintwon, n 8 AMyetar evornownthc (unifier) twv

EXPPACEWY.

N /

Teyvnth Nonuooivn M. Kouynropdxng

Iapadelypota Evoroinorng I

e To clvolo exgppdoewy {P(A,y, z), P(z,B, z)} eivar

evorothowo. H avuxatdotaon {z/A,y/B, 2/C} givon évac
evomoinThc. Tmdpyouy dAhol evoTointég Onwe

{z/A,y/B,z/F(w)}, {x/A,y/B} xth.

e To olvolo exyppdoewy {P(F(z), A), Py, F(w))} dev eivo
EVOTIOLY|GLUO.

N /
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~

/HLO Fevixoi Evonowtéc (Most General Unifiers)

Optopde. 'Evac o yevixde evornomthc (most general
unifier 4 mgu) evéc cuvdlou exgpdoewy S elval €vac eVOToNTAS ¥
ue Ty axdhoudr) widtnta. o xdde evonontd o tou S, undpyet pla
avtxatdotaon 0 o dote 0 = COMPOSE(y,96).

IHopadeiypotos
e 'Evoc mgu tou cuvéhou {P(A,y,z), P(z,B,z)} elvou o
{z/A,y/B}.

‘AXhol evorolntéc mpoxbnTouy and tov mgu. o nopdderyya:
{¢/A,y/B.2/F(w)} = COMPOSE({x/A,y/B}, {/F(w)}).

e 'Evoc mgu tou cuvéhou {P(F(x),z), P(y, A)} eivor

\ {y/F(x),z/A}. /

Teyvnth Nonuooivn M. Kouynropdxng

ITio T'evixol Evorcom'tégl

ITopddetypo:  ‘Evac mgu twv exppdoewy P(z) xouu P(y) eivow o
{z/y}. Evac dhhoc mgu eivar o {y/x}.

‘Evog o yevixdg evomonthc elvar ovadixog av dev AdBoupe unddn
wac Tic miavée petovopaotieg yetafantodyv. I't autd cuvhiiowe wAdue
YO TOV TOV TLO YEVIXO EVOTOUNTY| EVOC CUVOAOU EXPRACEMY.

Tapa Yo Tapouctdoouue tov alydpriuo evonoinone UNIFY o onofog
Bploxet Tov To YEVIXG evoToNTY| 000 EXPEACEWY TNG AOYIXNC TEWTNGC

TEENC.

N /




Teyvnth Nonuooivn

M. Kouvynropdxng

>

\_

‘Evac Alyoprduog Evonoiqong'

function UNIFY(z,y) returns the mgu of z and y

if x = y then return {}

if VARIABLE(z) then return UNIFY-VAR(z,y)

if VARIABLE(y) then return UNIFY-VAR(y, x)

if CONSTANT(z) or CONSTANT(y) then return failure

if not(LENGTH(2)=LENGTH(y)) then return failure

i—0;y—{}

tag

if i =LENGTH(z)+1 then return ~
o «— UNIFY(PART(z,7),PART(y, 1))
if 0 = failure then return failure
v «— COMPOSE(~,0)

x — SUBST (v, )

y < SUBST(7,y)

1—1+4+1

goto tag

<

/

Teyvnth Nonuooivn

M. Kouynropdxng

-

‘Evac AAyopripog Evon‘.oincng'

function UNIFY-VAR(z,y) returns a substitution

if x occurs in y then return failure

return { z/y }

~




Teyvnth Nonuooivn M. Kouvynropdxng

~

~

2y OAa Yo TOV UNIFYI

O alyopiuoc UNIFY nopoucldotnxe et @opd and tov Robinson
0 1965.

Mrogeite va ypnotponoteite autd tov aryoprduo yia vo urtohoy(lete
ToV mgu OTaV 0L BOCUEVES eExPEATELS Elvor TOANOTAOXEC.

Ot etoodol Tou ahyoplluov UNIFY urnopetl va eivonr otadepéc,
HETAPANTESG, OpOL 1) ATOUIXES TEPOTACELS.

To whAxocg (length) evic dpou 1 pac atouxic npdtaone elvon o
apLiUOC TV 0pLOUTWY TNS.

/

Teyvnth Nonuooivn M. Kouynropdxng

-

N

2yxOAt Yo TOV UNIFYI

To i-0516 pépoc evog 6pou 1 Wiac atouxic Tedtaonc T unoloyiletat
ané v ouvdptnon PART(z, 7).
T éva 6po F(ty,. .., t,), 10 undevixd pépoc tou bpou elvan 0

oluBoho cuvdptnong F' xou ta oplopata t, ..., T, vl To uTéAoLTA
wéem (npoTo, deltepo, ... N-00TH).

T éva atouixd tomo P(ty, ..., t,), T0 undevixd wépog tou TOTOU
elvat To olpPBolo xatnyopruatoc P xow ta oplopata 1, ..., ¢, elvor
Ta unélotna Répm (TpddTo, delTEpO, ... N-00TH).

H ocuviixn tne eviorrc if otn ouvdptnon UNIFY-VAR Aéyeton
éleyyog Onapdne (occurs-check). Autéc o éheyyoc emBeBatdvet

/

6TL bpot 6Twe 0 z ot 0 F(z) dev evomololvTad.




Teyvnth Nonuooivn M. Kouvynropdxng

IToAunhoxotntaL TOv UNIFYI

H molumhoxdtnta yewlotng nepintwone tou akyodprduouv UNIFY elval

exETINN WC TEOC TO UAXOC TWV EXPEACEWY ELGOBOU.

IMTapdderypa: Av evonolficouue Toug Topaxdtew 500 6poug
H(Ilfl, L2,...,Tn, F(y07 y0>7 s 7F(yn—17yn—1)7 yn)

H(F(xov iE()), F(xbxl)v s 7F($n—17$n—1)7y17 cee ynyxn>
xae peTaBAnTh T; xou y; Yo elvar OECUEVUEVT] OE Evay OpO UE
21Tt — 1 olufola.
To mpdBAnua €86 elvar 6TL 0 O YEVIXOC EVOTIOUNTAC TV TALATAVE
OpwV TEPLEYEL TOUC (BLOUG LTIOOPOUC TOANEC POPEC.

N /

Teyvnth Nonuooivn M. Kouynropdxng

IToAunhoxotntaL TOL UNIFYI

Trdpyouv xarbtepol alydprduol evomoinone ot Bioypapia

(rohuwvuuxol ypbvou).

H Baoue 1déa o autols toug akyopiduoug etvor 1 yeron
XATEAANADY BOUDY SESOUEVLDV (TL.Y., YPAP®Y) Yol TNV AVATOEIGTION
TWV EXPRACEWY TNC AOYIXNAC TPWTNG TAENG XOL 1) EQUPUOYY| TOV
OVTIXOTOOTAOEWY YE TPOCOY Y| OGTE VoL ATOYELYOVTOL TEOBAYUoT

OTWC QUTA TOU TEONYOUMEVOL TORADELYUATOC.

N /




Teyvnth Nonuooivn M. Kouvynropdxng

I'evixevpévog Tepbdnrog tov G)é'tswl

O xavédvog ouutepacuol YEVIXEVREVOG TEOTOG Tou YETEW

(Generalized Modus Ponens, GMP) eivar 0 e&rc.

Av oL TOmOL P1,y .oy Py Py - - Pl @ €Vl aTopixol xou UTdEYEL Wi

avtuxatdotaot § tétola wote yia xdie 1 <i < n,

SUBST(0,p,) = SUBST(0,p;) t6te:

Py Dy ooy Dy (PLAD2 A ADn = Q)
SUBST(0,q)

Teyvnth Nonuooivn M. Kouynropdxng

4 N
Hocpchswp.ocI

Ané Toug TOToUC
Missile(M1), Owns(Nono, M 1)
xou
Missile(x) AN Owns(Nono,x) = Sells(West, Nono, z)
unopolue va cuunepdvouue ye GMP

Sells(West, Nono, M1).

H avtxoatdotoon 6 oe avtiv v mepintwon eivar {z/M1}.

N /
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Fevixevpévog Tedmog tov @é"cswl

o O yevixeupévog Tpomog Tou VETEWY xdvel o €va Brjua 6,TL Ja
exavay o€ 800 BAuata ol e€AC XAVOVEC GUUTERUOUOU: ELCAYWYN

o0LCeVEng %o TEOTOC TOL VETELY.

PIYINLR

e O yevxeupévog tpdnog Tou Vétety ebvar plor avudwpévn
(lifted) poper Tou TEoéTOL TOL VETELY: AVLPDVEL TOV XAVOVAL
aUTO amd TNV TEOTAGLAXY AOYIXH OTNV AOYIXY| TPWTNG TAENS.

e O yevixeupévog T1pdnoc Tou YETELY EQupUoleTal OE PRACELS
Horn (Horn clauses).

Or gpdoeic Horn anoterholv éva oA eviLa@époy UTOGUVORO T1G

\)\oymﬁg TEOTNG TEENE Tou Yol 0plcoUUE AETTOUERHOS TOLUXATW. /

Teyvnth Nonuooivn M. Kouynropdxng

4 )

Ogd6tnTa Tov GMPI

‘Evoc xavévae ouunepaouol Aéyetar opdde (sound) av odnyel
U6vo o€ TPOTdoElC Tou xahOTTovToL AoYxd. Aniady, av KB - o
t61e KB = a.

Ocehdpnpa. O GMP eivar évac opddg xavéovoc cuunepacuod yia
Bdoelg yvohoewy tou aroterodviol and gedoelc Horn.

N /




Teyvnth Nonuooivn M. Kouvynropdxng

4 N
Aextixd (Literals) I

Opgtopde. 'Eva Aextxd (literal) eivon évac atoudc tonoc 1 1

dpvnom evog atopxod TUToU. XTNV TE®TY TEPMTWoT) £XOVUE Eval
FeTind hextxnd xat ot delTeEn TEPINTWOT EVal AEYNTLXG AEXTIXO.

IMTopadetlypota:
Drives(John, BMW), =Drives(John, BMW), Drives(z, BMW),

Loves(Mary, FatherO f(Mary)), =P(z, F(G(x)))

N /

Teyvnth Nonuooivn M. Kouynropdxng

/ ®pdoeic Horn (Horn Clauses)l \

Opiopde. M @edom (clause) eivar pa Sidleuén hextixodyv. M

gpedon Horn eivon wiar SL1aleuén Aextixcdy and o onolol 10 ToAD éval
elvar YeTind.

Anhadh, wa gedon Horn anavtdton otic e€Xc poppéc:
q
“prVope V... Vap, Vg (B prApeA...Apy=q)
—p1V-opa V...V op,
OTOV D1, ..., Pn, q Elvar atouixol tonoL.
Yupohiopde: Xe wa gpdon Horn, dewpolyue 6t ov (ehediepec)
HETABANTES TV TUTWY D1, -« - ., P, ¢ ELOAYOVTAL OTO 0VTIOTOLYOUC
roﬁo)\txo()g TOGOOE(XTEC oL gupavilovTon aTny apyy| Tou TOToU. /




Teyvnth Nonuooivn M. Kouvynropdxng

4 )

‘Opoloyia I

H edinvind yetdgpaot tou Bifiiov AIMA rmou yernowonoolue
yenotponotel tov bpo npdTaom Horn petagpdlovtoc tny Ayyir
AEEN clause ye tnv ENAnvuch AéEn ‘mpdtact’.

ITpotiunoa va yenowonoticw tov 6po @eacn Horn eneidy
YENOWOTOL TOV 0RO TEOTACT] YLO VO AVAPEQOUIL GTOUS TUTOUG TNG
AoYWhc TeWTNE TEENE Tou dev €youy ehebiepec peTaBANTES.

N /

Teyvnth Nonuooivn M. Kouynropdxng
/ IMapadelypota I \
O toroL

Drives(John, BMW)
Drives(x, BMW)
Person(x) = Animal(x)
Person(z) N Knows(John,x) = Loves(John, x)
—Person(x) V - Knows(John, )
elvan gpdoec Horn.

O tOnoc

Drives(John, BMW) \V Drives(John, Porsche)

\68\) elvan ppdor Horn. /




Teyvnth Nonuooivn M. Kouvynropdxng

4 N
IMapadelypoto I

Ot mponyoluevee gpdoeic Horn elvon tood0vapes pe toug axdhouiouc

TOTOUC TNE AOYIXAC TEOTNS TAENC:

Drives(John, BMW)
(Vz)Drives(x, BMW)
(Vz)(Person(z) = Animal(z))
(Vx)(Person(x) AN Knows(John,x) = Loves(John,x))
(Vx)(=Person(z) V ~Knows(John, z))

Teyvnth Nonuooivn M. Kouynropdxng

4 )

I‘eyové'cocl

Or gpdoeic Horn mou anotehobvtal and €va atopxd TUTo AEyovTol
yeyovota (facts).

ITopadeiypota:
Drives(John, BMW)

Drives(z, BMW)




Teyvnth Nonuooivn M. Kouvynropdxng

4 N

Or gpdoeic Horn tng popenc

PLApP2N... APy = (q

Aéyovtar xavéveg (rules).

Y TOV TOPATIAVL XAVOVA, O ATOULXOC TOTOC ¢ AEYETUL XEPAAY|
(head) tou xavéva xat 1 oOLeVEN p1 A pa A ... A py Myetal coOR
(body) Tou xavéva.

H opohroylo auty| yenowonotelton otn YAOGGA AOYIXOU
npoypaupatiopol Prolog.

N /

Teyvnth Nonuooivn M. Kouynropdxng

4 )

Hapadelypota Kavovwy I

Person(x) = Animal(x)

Person(z) N Knows(John,x) = Loves(John, x)




Teyvnth Nonuooivn M. Kouvynropdxng

Epwtroeig 7| Ileplopiopol Axspou.é‘cn‘cag'

O gpdoeic Horn tng poperic

p1Vpe V...V opy,

TpoxiTTouy and epwthoel (queries) B neplopiopole
axepooTnTog (integrity constraints) oe cucthpate Aoyixod
TEOY PAUUATICLOV.

HMoapdderypo: ~Person(z) V ~Knows(John, x)

N /

Teyvnth Nonuooivn M. Kouynropdxng

Ogotixég Ppdoeig HornI

Av wa gpdor Horn éyel axpiBoe éva Jetind Aextind, téH1e Aéyeton

optotix?) (definite). Anhady, ta yeyovdta xo o xavévee eivar ot

oploTixég @pdoewc Horn.

ITopadeiypota:
Drives(John, BMW)

Drives(z, BMW)
Person(x) = Animal(x)

Person(z) N Knows(John,x) = Loves(John,x)




Teyvnth Nonuooivn M. Kouvynropdxng

4 N

‘Av wa Bdong yvoone anotelelton and oplotixéc gedoec Horn xat
dev meptéyel oluBola cuvapthcewy téTe Yo Aéyeton Bdon Datalog.

H Datalog oplotnxe apyixd cov YAOCOW ENEQWTACEWY YA OYECLAXES
Bdoelc OEBOUEVWY EUTVEVOHUEVT] AT TO AOYIXO TPOYQRUUUATIOUO.

Ac Swoouye thpa yepnd mapadelypata cuvnilouévewy Baoewy

YVooewy e gpdoelc Horn.

N /

Teyvnth Nonuooivn M. Kouynropdxng

IMapdderypa Datalog: Owoyevelaxeg EXE’:GSLQI

Parent(Pam, Bob) Parent(Tom, Bob) Parent(Tom, Liz)

Parent(Bob, Ann) Parent(Bob, Pat) Parent(Pat, Jim)

Male(Tom) Male(Bob) Male(Jim)

Female(Liz) Female(Ann) Female(Pam) Female(Pat)




Teyvnth Nonuooivn M. Kouvynropdxng

4 )

IMopdderypa Datalog'

Parent(x,y) = Of fspring(y, z)

Parent(x,y) N Female(xz) = Mother(x,y)

Parent(x,y) A Parent(y, z) = Grandparent(x, z)

Teyvnth Nonuooivn M. Kouynropdxng

4 )

IMapdderypa Datalog: Movondtia oe €éva I'pdgo

Arc(z,y) = Path(z,y)

Path(xz,y) N Arc(y, z) = Path(z, z)

Arc(A, B) Arce(B,C) Arc(C, D) Arc(B, E)




Teyvnth Nonuooivn M. Kouvynropdxng

4 N
IMapdderypo: Aloteg I

Ac Yewprooupe o Tapaxdtw AeCihdyto:

e To cluBoro ctadepdc Empty mou cuufolilel tnyv xevi Mota.

e To cluPolo duadixhc cuvdptnone Cons (and Ty ay YA AéEn
construct).
O 6poc Cons(h,t) cuuBoiiler T Aota mou €yel TpHhTO oTOLYED
10 h o tor urdhoina otoLyela Tng amaptilouv ) AMota t.

e To oluBolo xatnyopruatoc Member.
To yeyovée Member(e,l) dnhover 6Tt 10 e glvon oToLyelo e

MoTac .

N /

Teyvnth Nonuooivn M. Kouynropdxng

4 )

IMagdderypa: Aloteg I

O axdrovdec gppdoeic Horn exgpdlouv wibtntec tou Member:

Member(e,Cons(e,t))
Member(e,t) = Member(e, Cons(h,t))

Or mopamdve xavévee elvar optotixol adrd oyt Datalog eneidn

nepLEyouy to aluBoro cuvdptnong Cons.

N /




Teyvnth Nonuooivn M. Kouvynropdxng

4 N
M E@oppoyn tou GMPI

MnopoUue va Abcoupe to TpoBinua pe tov Xuvtayuotdpeyn West

yenotpornowwdvtac GMP; Nat, av elvon duvatov va yeddoupe tnyv Bdon
Yvworng yog pe gpdoelc Horn. Ac 1o Soxpdcoupe!

Y1y emduevn evotrta tou padiuotog, Yo BOCoUE Evay YEVIXS
ahyoprduo mou umopel va ypnowonondel yia va petatpédel Eva
tuyato TOmo TNE Aoywig TeWTNE Ta&ng ot éva Loodlvouo chvolo
ppdoewyv Horn (6tav undpyet tétolo 16oduvapo alvolo).

N /

Teyvnth Nonuooivn M. Kouynropdxng

4 N
Hocpo’cﬁewp.ocl

o ... elvan €yxinua yia évay Ayepixavd vo ToUAdEL OTha oE

eyVpind xpd).
American(x) A Weapon(y) A Nation(z)A

Hostile(z) A Sells(z, z,y) = Criminal(x)

e To xpdtoc Nono ...
Nation(Nono)

o ... mou elvan exVpdc TNC Auepnic ...

Enemy(Nono, America)




Teyvnth Nonuooivn M. Kouvynropdxng

4 )
Hocpchewp.ocI

® ... £yEL TUPALAOUC.

Owns(Nono, M1), Missile(M1)

IMTapatrenon: Encdy ot gpdoeic Horn dev emitpénouy tn yprion
urapgloxol Tocodelxtn, yenowonothooue TNy otadepd M1 yia
TOV €V0 TOUAGYIGTOV TUPAUAO YLoL TOV OTOlO UOG AEEL 1) TTOEAUTIAVL

TEOTAOT).

N /

Teyvnth Nonuooivn M. Kouynropdxng

4 N
Hocpchswp.ocI

e 'O)ouc autolc toug mupalioug Toug €yel Toulfoel oto Nono o

cuvtaypatdeyne West

Owns(Nono,z) A Missile(x) = Sells(West, Nono, x)

e ... 0 onolog elvar Apeptxavoc.

American(West)




Teyvnth Nonuooivn M. Kouvynropdxng

4 N
Honpo’chwp.ocI

o H Auepunn eivan xpdtoc.

Nation(America)
e Ou mhpawAol efval 6.
Missile(z) = Weapon(x)
o “Eydp6c tne Apepixic ’ onualvel ‘exdpnd xpdtog .

Enemy(xz, America) = Hostile(x)

N /

Teyvnth Nonuooivn M. Kouynropdxng

g h

o Anbé Missile(M1) o Missile(x) = Weapon(x),
xenowonowvtac GMP:

Weapon(M1)

o A6 Enemy(x, America) = Hostile(x) xou
Enemy(Nono, America), yenotponowsvtac GMP:

Hostile(Nono)
o A6 Owns(Nono, M1), Missile(M1) xou
Owns(Nono,z) A Missile(x) = Sells(West, Nono, x)

xenowonowwvtac GMP:

Sells(West, Nono, M1)

N /




Teyvnth Nonuooivn M. Kouvynropdxng

4 N
o Aro

American(West), Weapon(M1), Nation(Nono), Hostile(Nono),
Sells(West, Nono, M1) xou

American(x) N Weapon(y) A Nation(z)A\

Hostile(z) A Sells(x, z,y) = Criminal(x),

xenowonowwvtac GMP:

Criminal(West)

Teyvnth Nonuooivn M. Kouynropdxng

ANyoprdpor Yvunepacpot ue Xpnon tov GMPI

H rapandve anddelln yog delyvel 6Tl 0 GUUTEPUOUOS UE YEHOT| TOU

GMP etvon guoxdc xat €dxohog oto va Tov axohoudrioel xavelc.

Ou TapoLCLAGoUUE TWEA 000 CNUAVTIXOUS AAYOPLIMOUC CUUTERUCHOD
yioe T Aoy mpwtne t8Eng mou Bactlovtor oe GMP:

e Ilpoc ta epunpodc ahvoida extéheorne (forward chaining).
e Tlpoc ta nicw alvoida extéheorne (backward chaining).

O ahydprduol autol Yo tapouctacTody Hovo yia TNV TERITTWOT

Bdoewv yvihong mou anotehoLyTal and opoTixég @edocic Horn.

ITpwv Moy wEHoOLYE OUWS YEELalOPAOTE £Val TEXVIXG OPLOUO UXOUOL.

N /




Teyvnth Nonuooivn M. Kouvynropdxng

4 N
Honpo’cﬁswp.ocl

OewphoTe TNV TopaxdTe Bdorn yvoone K B:

Likes(z, Mary)
Likes(John, x) = GreetsCheer fully(John, x)
Oo tepévape vo axolovldel hoywd and tnv KB o timog:

GreetsCheer fully(John, Mary)

‘Opwe 0 GMP 8e pnopel va yenotponowmdel yio vo cugnepdvouue
auTH Tov TUTO Yot ot atoutxol Tonor Likes(x, Mary) xou

Likes(John,x) 8ev evonotobvtau!

N /

Teyvnth Nonuooivn M. Kouynropdxng

IIpotunoroinon Ms‘cocﬁ)\m:o')vl

To nponyoluevo TpdfBinua umopel va emAvdel ye TpoTunoNToinoT

TV RETABANTOY:

1. Kopla yetaSAntr 0ev mpenel va UTdEYEL O TEQLOCOTEPOUS AT
wo pedoelc Horn otnyv apyixn Bdon yvaoorng.

2. Omotedrinote €youue va egapudécovue Tov GMP, npwdta
uetovoudlouye Tic YeTafAntéc Twv @edocwyv Horn nou Ya
xenotdonoiooupe. To véo ovouata HETABANTOY DV TRETEL Vol
€youv yernowpomolniel evoplitepa.




Teyvnth Nonuooivn M. Kouvynropdxng

ITpog ta Epnpoc Alvoida Ex'cé)\eo'qgl

O ahyépripoc mpog T epnpde alvoida extéleorg (forward

chaining) Zexwder ye tic gpdoeic otn Bdomn yvwone xat topdyet
cuurepdopata yenotdonowwvtoag tov GMP. Autd ta cuynepdopata
UE TN OELR TOUC 00TYOUV OF TMEPLOCOTEQN CUUTERACHUATO IO
unopolv va e€aydolv and 11 Bdon Yvaonc x.0.x.

‘Otav egopudlovye tov arydprduo dev Tpémel var EeYVAUE TNV
TPOTUTOTOIMNON TWV UETABANTOV 6T GLLNTACUUE TEONYOUUEVKC.

N /

Teyvnth Nonuooivn M. Kouynropdxng

4 )

Forward Chaining I

O ay6prduoc forward chaining ymopet va ypnowomoiniel we e€hc:

e (lc wa odnyolLuevyn and ta dedopéva (data-driven)
otadwaoio. ‘Otav éva yeyovog mpootileton atn Bdor yvaong, o
ahyobpriuoc extehelton yia var cupmepdvoupe véa yeyovota. Ta
yeyovota autd mpootiVevton eniong otr Bdon yvaong, xou 1

otadixactia ouveyiletat.
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4 N
Forward Chaining I

o (¢ o ddixaoio anavnone epwtnudtwy (query answering). ‘Otav

Véhouye va uddouue av évac atopixds tomog o (doavd e ehetdepec
UETOBANTES X1, . . ., Ty) AXOROUVEl AoYixd amd wia Bdon yvoone, unopolue
va egapuécouye forward chaining yio vo mopdyouue véo cuunEpdoUATA,
uéypet va mopay el Evoc atowxoc TOTOC TOU EVOTOLELTHL UE TOV O

‘Etot Soukelel 1 ouvdptnon FOL-FC-ASK nou napovctdlovye otny
enduevr dwpdveta. H avtixatdotaon o pag divel Ty meddTn andvinon
OTO EQWOTNUA o 1) ATdvTNoT oplleTon Ao T0 GOVOAO TWV SECUEVCEWY TWV
UETOBANTOY Z1, ..., Ty TNS QL

Mrnogolue va cuveylcouue va egapuéloupe forward chaining yia vo
TAPOVUE TEQLOCOTEQES UTAVTHOELC.

\_ /

Teyvnth Nonuooivn M. Kouynropdxng

Forward Chaining I \

function FOL-FC-Ask(K B, ) returns a substitution or false
inputs: KB, the knowledge base, a set of first-order definite clauses

a, the query, an atomic sentence
local variables: new, the new sentences inferred on each iteration

repeat until new is empty
new «— {}
for each clause r in KB do
Standardize the variables of r to transform it into p1 A ... Ap, = ¢q
for each 0 such that SUBST(0,p1 A ... Apn) = SUBST(0,p1 A...Ap)
for some pi,...,pl, in KB do
q «— SUBST(6,q)
if ¢’ is not a renaming of some sentence already in KB or new then do
add ¢’ to new

o «— UNIFY(q', )

\ if o is not failure then return o /
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BN

add new to KB

return false

N /

Teyvnth Nonuooivn M. Kouynropdxng

4 N
IMopadelypota I

Missile(M1)

‘Eoww n KB

Owns(Nono,x) AN Missile(x) = Sells(West, Nono, z).

Av 1 npbétaon Owns(Nono, M 1) ewoaydel oty K B, tdte pnopolye
Vo g@appécouue tov alyopriuo forward chaining yio vo
CUUTEQAVOUUE TOV TUTO

Sells(West, Nono, M 1)

xat vo Tov npoocdécouvue oty K B. Kavévag dhhog cuunepaouds dev

/

unopel va Tparypotorotniel ot cuvéyela, dpo o alydprduog

OTOUOTAEL.
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4 N
IMapadelypota I

Missile(M1), Owns(Nono, M1),

‘Ectwn KB

Missile(M?2), Owns(Nono, M2),
Owns(Nono,z) A Missile(x) = Sells(West, Nono, x).

‘Eotw 6t 9éhouye va yddouye av anéd tnv KB énctar Aoyixd 6T
UTAEYEL XATOLOC TIOL EXEL TOUAY|OEL XdTolo 6TAo 6To xpdtog Nono.

Auté 1o epd TN UTopel Vo avanapactadel and Tov TUTo
Sells(z, Nono,w)

ue ehellepec peTABANTES 2 xon w.

N /
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4 )
IMapadelypota I

H ouvdptnon FOL-FC-ASK unopel va eqappootel yia vo del€ouye

OTL TO YEYOVOC

Sells(West, Nono, M 1)

axohoudel hoywxd and tnv KB. Autéd 1o véo YeYovdC evonoleltal pe
Tov TUTO
Sells(z, Nono,w)

UE AVTIXATACTACT)
{z/West,w/M1}

xat OVEL YLl AV TNOY OTO EQWOTNUOL.

N /
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/ IMapadelypota I \

O ahyoépripoc umopet va epapuoctel Eavd yia vo det€ouue 6Tl T0
YEYOVOC

Sells(West, Nono, M2)

axohoudel Aoywd and tnv K B. Autd 1o véo yeyovdg evonoteitar pe

Tov T0To
Sells(z, Nono,w)

UE AVTIXATACTACT)

{z/West,w/M2}
XL OLVEL Lol VEX ATAYTINGT] OTO EPWTNUAL.

Or duo avtixatacTdoe Tov uToAoYioTXaY Topamdve elvat To

GOVOAO ATAVINOEWY OTO EPWTNUL

N

{z/West,w/M1}, {z/West,w/M2}

/
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4 )

IMapadelypota I

Q(z) = Q(F(x))
xou to yeyovoc Q(A) ewodyeton otny K B.

‘Eoww n KB

Téte o ahydprdpog forward chaining uropel va eqapuootel yia va
mpootevel to yeyovée Q(F(A)) oty KB.

N /
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4 )
IMapadelypota I

AN topa 1o Q(F'(A)) evoroteiton ye tny undldeon tou xavdva

Q(z) = Q(F(x))

xot 0 GMP ymopetl va egapuoctel Eavd.

Ye autod to onuelo o alydprduog forward chaining négtel oe
atéppova Bpodyyo npocUEtovtag otn Bdor yvwong Ta axdhouda
YEYOVOTU:

Q(F(F(A))), QIF(F(F(A)))), .-

N /
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Opd6tnta xou ITAnpoTnTa Tov Forward Chaining'

H ouvdptnon FOL-FC-ASK eivor opO1 eneldy| oe xdde Bripa

ouunepaopol anhd egapuolel tov GMP xat o GMP elvon opidc.

H cuvdptnon FOL-FC-ASsK elvot mAdene yia Bdoelc YvOoeEwy Tou
elvar oe wopen Datalog, dnhad?, uropel va yenowonomniel yia va
Bpedolv OAEC OL ATAVIACELS YLAC EPWTNOTC.

Av 1 Bdorn yvodoewy anoteelton and oplotxés @pdoelc Horn nou
€youv cUuBola cuvdETNoNC, T6TE 0 alyobprduog forward chaining

unopel vo Téoel oe atépuova Bpdyyo OTwe eldape TAPATAVE.

N /
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To ITpoBAnua tng Aoyixng Ko’c)\uc[mgl

‘Ectw KB éva c0volo gpdoewy Horn xat ¢ évac atouxds tonoc.

To npdfBinua e hoywaic xdhudne (dnh. 1 epwtnon KB = ¢;) yw
oploTixéc gpdoelc Horn elvor nuianogaciowo 6mwe xou ylo tny

YEVIXH TERITTWOTN TNS AOYIXAC TRDTNG TALNC.

To mpdBinua tne Aoy xdhudne (Snh. 1 epdtnon KB = ¢;) 6tav
n KB etvon Bdon Datalog uropel va Audel o moAvwvupixd yedvo
yenotponolwvtag tov akyoépriuo forward chaining.

N /
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/ Ocpata YTAonoinong xo AnéSoo*qu \

INo va vhomonlel o alydpriuoc forward chaining, mpénet va

ATAVTHCOVUE OTIC EEAC EPWTAHOELS:

o [loo xavova va YENCUOTOCOUUE TPWTO GTNY TEPITTWOY Tou

€Y OUUE TEPLOCOTEPOUC TOU EVOC XAVOVEG;

o AgoU dlaréZouye xavéva, Ue TOLd GELPd Vo EEETAGOUUE TOUG
TUTOUG TOU CGORATOG TOLU XAVOVA YLo Vo BoolUe oy 10 Crua

TOU XAvOVa eEvoTole(Tal Ue yeyovota tng Bdong;

o [lowo yeYOVOG VA YpNOWOTOCOUUE TEWTO GE TEPITTWOT) TOU
EYOUME TIEPLOCOTEQN TOU EVOC XATAAATAAL YEYOVOTA;

H owot andvinon twy Tapandve epwThAoEwY UTopel Vo XdveL TN

\&ochopd( TNV An68006T ToU ahyopLiHou. /
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‘AN Ogpato Ano’?)oo‘qgl

O ay6prduoc forward chaining ymopel vo e@apuootel ToAD

ATOBOTIXG OV EYOUUE XOAEC TEYVXES YioL To EEAC:

o Amoguyy| tne enavelétaong xdde xavova oe xdde enavdAndm
(ool wévo pepd yeyovédta tpootidevial otn Bdorn yvwong oe
xdde enavdingn).

o Arnoguyy| dnutoupylac YEYOVOT®Y Tou €lval doyETA UE TO
epdTNUA (6Tay 1) Tpog Tar EUTEOC ahVG{Ba EXTENEDTC
XENOWOTOLEITAL WE AAYOELIUOC ATEVTNONEC EPWTNUATLY).

N /
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Ocpata YAonoinong xo AnéSoc‘qu

Avutd o Yépata €youv peretnidel die€odind ot e€rc TEPLOYES TG

Teyvntic Nonuooivne xou twv Bdoswyv Aedopévewy:
e Yuothpata napaywywy (production systems).

e Yuothuata evepywyv PBdoewy dedopévwy (active
databases).

o YuoTHUATA ETAYWYIXOY PBdoewy dedopévwy (deductive
databases).

® JUCTAUATA XAVOVEWY OF UTEPYOVTU GYECLUXSE CUCTAULNTA

Bdoewv dedopévmv (m.y., otnyv Oracle).

N /
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4 )

Ilpog ta Ilicw Alvoida Ex‘cé)\ecnql

O aiydpriuoc tre mepog ta miow aAvoidag extéleong
(backward chaining) Zexwder ye éva yeyovoc nou Déhouye va
anodel&ouye, Bploxet éva xavova Tou Yog ETULTEETEL VA TO
GUUTEEAVOUUE, xat TpooTavel vo anodellel 6Tl oy lel T0 GO aUTOU

TOU XAVOVAL.

N /

Teyvnth Nonuooivn M. Kouynropdxng

Ilpog ta Ilicw AAvcida Ex"cé)\eongl

function FOL-BC-ASk(K B, goals, 0) returns a set of substitutions
inputs: KB, a knowledge base

goals, a list of conjuncts forming a query (6 already applied)
0 the current substitution, initially the empty substitution

local variables: answers, a set of substitutions, initially empty

if goals is empty then return {0}
q' « SuBsT(6,FIRST(goals))
for each formula r in KB which after standardization of variables becomes
p1A... App = qand 0 — UNIFY(q, q) succeeds do
new_goals < [p1,...,pn|REST(goals)]
answers «—FOL-BC-Ask(K B, new_goals,CoMPOSE(6, 8")) Uanswers

return answers

\_ /
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/

O aiyépriuoc FOL-BC-ASK umopet va yprnowonomntel yia va Bpolue to

6mou ¢ etvan 1 o0Ceuin mou avtiotoyel oty AMota goals.

Me dhha Aoy, o arybprdpoc FOL-BC-ASK pnopel va ypnotporomiet yio
VoL BeoVUE OAEC TIC AMAVINOELS O £V EpwTNRA ¢ Tou tideton otn Bdon
yvoone KB.

H andvinor oto epdtnua ¢ elvor €vo GOVOAO aVTIXATAOTICEWY TOU

anoteAolvToL and TIC DEOUEVOELS YLl TIC METABANTES TOU EQOTAUATOS .

\_

oUVOAO TWV AVTXATAOTAoEWY 0 oL elvan tétotec wote KB |= SUBST (o, ¢)

~

Teyvnth Nonuooivn M. Kouynropdxng

4 )

O aybprdpoc tne mpog ta tlow alucidac extéleong amattel
TPOTUTOTOINOM TV PETABANTOY 6Tw¢ Teptypddaue vopitepa yia
tov GMP.

O aryéprdpoc FOL-BC-ASK eivon évac alydprduoc avalftnone
npota xatd Bddoc (depth-first search) ondte éyel dha Tor xohd

XAl XOXEL YOPAXTNELOTLXG AUTOVY TV ahyoplduwy.

Io tnv vhoroinom xa Ty artodotixdtnta 1ou FOL-BC-AsSkK
eyelpovtal TopdpoLa VéPata e aUTA ToU cULNTAOUUE OTNV TERITTWOT)
Tou ahyo6ptduou forward chaining.

N /
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4 )

Aoywxdcg Hpoypocp.p.ocuop.éql

‘Okec oL yYAdooee Aoyixol npoypoappaticpol (m.y., Prolog) xot o
CLCTARATA ToEAYWYIXWY PBdocwy dedouévwy (deductive
databases) Booilovtal oe xatdAANAeS VAOTOIACELS TOU aAYbpLduoU

backward chaining.

N /
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4 )
IMapadelypota I

‘Ectw 1 Bdon yvoone KB

Q(4), Q(B)
xou To gpdTua Q(z).
H ocuvdptnon FOL-BC-ASK(K B, [Q(z)],{}) emotpéyer 10 ohvoro

OV TIXOTUCTACEWY

{{z/A}, {x/B}}.

N /
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4 )
IMapadelypota I

¥ autéd to mapddetypa, o adydprdpoc FOL-BC-ASK Aettoupyel wg
e€nic.

Y10 owpa e eviohrc for each yivovtar ov avadpopixéc xhvoelg
FOL-BC-Ask(K B, [], {z/A}) v FOL-BC-AsSk(K B, [],{z/B})
oL ETUGTEEPOLY Tal oUVOAa avtixataotdoewy {{x/A}} o {{z/B}}
avtiotoya. Ot xAfoelc autée avtiotolyoby otouc tumous Q(A) xat

Q(B) nou undpyouv otnv KB.

To Telx6 ATOTEAECUA ONUIOVPYELTOL UG TNV EVWOT] TV TUQATEVG
CUVOAWY OTNV TPoTEAELTOLL YRAUUY TOU ahyopriuou.

N /
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4 N
Iapadelypota I

‘Ectw 7 Bdon yvoone KB

Q(A), Q(B), R(A,C), R(B,D)

xou o epdTNua Q(z) A R(z,y).

H ouvdptnon FOL-BC-ASK(K B, [Q(z), R(x,y)],{}) emotpéper
{{z/A,y/C},{x/B,y/D}}.

N /
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/ IMapadelypota I \

¥ autéd 1o moapddetypa, o adydpripoc FOL-BC-ASK Aettoupyel wc
e€nic.

Apywxd n 6 elvon fon pe {} xou 10 ¢’ yivetow Q(x). Metd extehelton 10
omua tne eviohfic for each vy 7 = Q(A) xor 0" = {x/A} xon yivetou
n avadpouxh) x\hon FOL-BC-ASK(K B, [R(z,y)],{z/A}) wa tou

COMPOSE({},{z/A}) = {z/A}.
Ac Solpe tdpa T ouuBaiver o” auth TNV avadpouxr xAfion. H 6 elvou
fon pe {x/A} %ot o ¢ yiverow R(A,y). Metd exteleiton 10 obua e

eviohfic for each yw r = R(A,C) xou 0" = {y/C} xou yivetan 1
avadpouxh) xhion FOL-BC-ASK(K B, [],{y/C?}) wa mou

COMPOSE({z/A},{y/C}) ={z/A,y/C}.
QI xWon auth emotpéeet {{z/A,y/C}}. /

Teyvnth Nonuooivn M. Kouynropdxng

4 N
IMapadelypota I

‘Apa 1 x\hon FOL-BC-ASK(K B, [R(z,y)], {x/A}) emotpéper to
(0o oOvoho avTIXATAOTACEWY Xal aLTS amo¥nxedeTal 0T HETABANTY

answers.

Metd axoloudel n extéreon e for each yiu r = Q(B) xou e
OUOL0 TEOTO OTUOUREYELTAL TO GUVOAO AVTIXATAOTACEWY
{{z/A,y/D}} 7o omolo npootidetor 6t0 Glvolo answers.

'Etol éyouue 10 TEAXO anotéAecya.

N /
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/ Iapadelypota I \

‘Ectw 7 Bdon yvwone KB

Missile(M1), Owns(Nono, M1),

Owns(Nono,z) N Missile(x) = Sells(West, Nono, x)
xou to gpdnua Sells(West, Nono, y).

H ouvdptnon FOL-BC-ASK(K B, [Sells(West, Nono,y)|,{})

ETLOTPEQEL

{{y/M1}}.

Mrogeite va e€nyfoete yiatl TpocouoldVOVTAC TNV eEXTEAECT TNC

ouvdptnone FOL-BC-ASK; /

N
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4 )
IMapadelypota I

‘Ectw 1 Bdon yvoone KB

P(3) = P(3)

xat to epdTnua P(x) f to epdnua P(3).

O x\foewc FOL-BC-ASK(K B, [P(z)],{}) »a
FOL-BC-ASk(K B, [P(3)],{}) mégtouv oc atéppova Bedyyxo.

N /
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4 )

IMapadelypota I

[TpocéEte ot auth 1 Bdon yvwong ey €xel cuvapTnotaxd cOuBoia!

Elyaote otnyv nepintwon tne Datalog xot ynopolue va unoroyicouue
OAo oL YEYOVOTA TToU axohoudoly Aoyixd and uia BAcT yvehong
(1., xenowonowwvtac forward chaining). Onéte n avendiunm
CUUTERLPORY ogelheTaL 0TT) BOOREVT BACT YVWHONG, XoL 0T0 OTL 1)
ouvdptnon FOL-BC-ASK Sovlelet ye mpdta xatd Bddog tpdmo.

N /
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/ Iapadelypota I \
American(W est)

Enemy(Nono, America)

Owns(Nono, M 1), Missile(M1)

Enemy(z, America) = Hostile(x)
Missile(x) = Weapon(z)
Missile(x) A Owns(Nono, x) = Sells(West, xz, Nono)
American(x) N Weapon(y)A

Sells(xz,y, z) N Hostile(z) = Criminal(x)

N /
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-

IMapadelypota I

IIgocox®: Ytny nponyoluevr Bdon YVOone 1o xatnyoenua
Sells(z,w,v) Toplotdvel 6TL 0 Z TOLAGEL TO W 0TOV vV (dNhadY, oe
OYEoT YE T TROTYOUUEVA TopadelyaTa Tou agopoLcay Tov West,
€youue evarldEer Ta dUo teleutaia oployata tou Sells).

O TaPOUCLACOUNE TP TO BEVOPO anddelEne Tou amodelxvUEL TO
veyovoe Criminal(West). Ta 8évdpo anddeléne elvon évac
ONUOPIAAC YRAUPLXOC TEOTOC va €Ny icoude TNy Aettovpyia Tou
ary6erduou backward chaining.

N

~
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-

Aévdpo Anbdegne (Proof Tree)'

| Arerican(es) | | Weapon)) | [ s L) |
{} { 2iNono}

Hostile(Nono)

| Misslefy) || Missle1) | [OansNonoM1) | |Enemy{Noo Ameice |

g {} {} {}

~
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o AIMA, Kegdiouo 9.

e M. Genesereth, N. Nilsson. Logical Foundations of Artificial
Intelligence. Morgan Kaufmann, 1987.
Hopdypagog 4.2.

O anydpripoc evonolnong mou dcaue TPogpyeTol Amd aUTéd 10

BBAlo.

N /




