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Avamnapaotaon I'vwong

» MNwg propel KaAUTEPA Kol ArtoSOTLKOTEPA VO TtapaoTaOEl
yvwon yupw amo eva nedio otov H/Y pe okomo tn Avon
OXETLKWV TIPOBANUATWY;

» Amoppola tng aduvapioc elpeonc alyoplOuwy yla yevikoug
AUTEC.

» YmoOeon Avanapaotaong lvwong:

[la va TaPLOTAVOUV yVwon oL CUBOALKEC SOUEC TTPETIEL VO Elval
Suvatov va TIg EpUNVEVOUE TipoTaoLakd, SnA. oav ekbpAoELS IOV
HUITopouV va xapoaktnplotolv aAnbeic f Peudeic.

H nmapouoia kal xprion tTwv cupPoAkwv Sopwv ivat auto mou
TIPETEL VAL TPOKAAEL TNV ekdnAoUEVN ard to cuoTnUa
cuumneplpopa.

» AeSopEva: UN-OpYAVWUEVQA, LUN-ETEEEPYAOCUEVA OTOLXELD N
YEYOVOTO OXETLKA LLE OVTOTNTEC TOU TIPAYHOTIKOU KOOUOU (TT.X.
Bepuokpaocieg evoc unva).

» MAnpodopia: AsSopéva ou €XOUV UTTOOTEL KATTOLAL
enetepyaocia N SLapopPwaon, WOTE VoL TTAPEXOUV UL
xpnowpotnta (rm.x. pEon Beppokpacia evog pava).

» Tvwon: MAnpodopia ou £xeL miotomolnOel LECwW YOG CELPAC
EAEYXWV N TNC aVOPWTILVNG ETILOTNUOVLKAG 1 1N EUTELpLaC (TT.X.
n dtamiotwon OTL Ta TEAEUTALA XPOVLIA EXOUME avEnon TG
Bepuokpaoiac katd 2%).




Avamapaotaon 'vwong - Aour) Evguotg
ZUOTIUOTOG

Baowk Aoun Eudpuouc Zuotpatog

Mnxoaviopdg EEaywyng

Baon Mvwong (BN ZuunepaopdTwy (MEL)

Mwooa Avamnoapdotaong MNwong EpwtAuaTa

» Aladikaotikn mMpoaogyyon (procedural view)
» [vwon Tou nwc.
» ‘Eva cUVOAO €€£LOIKEVUUEVWV SLAOLKACLWV.
»  Avoywyr oTOXWV O€ UTIO-OTOXOUG.
» OLemBupunteg oupumnepldopeS Kwdlkomolovvtal ArmevBelag we
KWOLKAG

» AnAwTtikn ntpooeyylon (declarative view)

» Tvwon tou TL.
ZUVOAO YEYOVOTWV Kal AlywvV YEVIKWV SLadKooLwV.
XWwPLoUOG yvwong Ko xpriong tne.

ANAWTLKA yvwon pUmopel va petadpaoctel o€ anmAoVoTEPO
SLadLKAOTIKO KwdLKaL.

v v v




Avamapaotaon I'vwong - Amoyeig (2)

»  ALoSLKOOTLKA avarmapaotoon
Yriép
»  Quowkotepn yla kamota yvwon (m.x. MNpageig)
» EukoAdtepn yla kamola yvwon (r.x. Meta-yvwon)
» AmodotikoTEpN
Kata
» Ta kKABe KOPUATL yvwong anatteitol meplypodn Kol Twv TPOMWV XPrRong Toug
»  Muwa tpontomnoinon Snuoupyel TOANEG AAAQYEG
»  AnAWTLKN avamapaotaon
Yriép
»  OLi6leg yevikéc Sadikaoieg yla dtadopa tunpata yvwong/To Lo Tunpa
yvwong xpnoLpomoleital katd Stadopous TpOMouC
»  Auéntikn avamntuén Baong yvwong
»  OLKOVOULKOTEPN ATTOBRKEVON YVWONC
Kata
»  MpoPARuata amodoTkOTNTAG

» Me Baon to EPLEXOUEVO
» Nediokry/Domain

Aopukn/Structural
0 Tagwoutkr)/Taxonomic: “O okUAog eival eidoc {wou”
0 Npoodloplotikn/Attributive: “Ta touAld etovv”

Yxeotakn/Relational: “To kamviopa npokaAel kapkivo”

» Meta-yvwon/Meta-knowledge

» Mg Baon tn popdn
» leyovoto/Facts

“H yn kweltal”

» Kavovecg/Rules

“Av yivel dlakorm pevpoatog dev €xoupe pwc”




[Awooa Avamapaoctoaons 'vwong

» Zuvtaén (Syntax)
» Ae&\oylo
» JUVTOKTIKOL KOAVOVEC

» ZnuoaoloAoyia (Semantics)
» 2NUOOLOAOYLKOL KAVOVEC

» Mnxaviopog E€aywyng Zuunepaocpdtwv (Inference
Engine)
» Kavovecg e€aywyng CUUMEPATUATWY
» 2TPATNYIKA E€AYWYNC CUUTEPOOUATWY

9
[Awooca Avamapdotaong 'vwong - Kpitnpla
AloAdynong
» Ekppaotikotnta (Expressiveness)
» Zadnvela (Clarity)
» Alakputikotnta (Distinctionability)
» Amnodotikatnta (Efficiency) Ymapyer pio Beuehivdng
) acupparortnta (trade-off)
» Xpovou HETOE0 EKPPOOTIKOTATOG
» Xwpou Kol aTrodoTIKOTNTAG
» @uowotnta (Naturalness)
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ZUAAOYLOUOG

» ZUAAOYLOMOG (reasoning) sivat o cuvduaopog ekbpAoewv
piog FAM (F)\(booa Avanapdcracnq 'vwong), mou
QVaToPLOTOUV UTIAPXOUCO YVWon, Yo TNV napavan VEWV
chbpaoswv ¢ FAT, dnAadn tnv napaywyn VEOLC vvwonq
Autn n dtadikacia ™g TIapaywyng VEag yvwaong ovoudletal
eEaywyn ovunepaocpatwy (inference).

» E{6n ZuAloylopou:
Tuvenaywyn (Deduction)

Amo aAnBeic unmoB<oelg e€dyovtal aAnbn cuumnepaocpata (dtatripnon g
aAnBeLag).

Enaywyn (Induction)
ATo €va oUVOAO MaPadELYUATWY EEAYOVTOL YEVIKA CUUTIEPACATO
(Lnxavikn padnon).

Antaywyn (Abduction)

Ao €va oUVoAo mapatnproewv e€dyovtal UTTOBECELS VLA TLC QLTLEG
(aBEBatog cuAAOYLOMOG).
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Aoy ws Mwooca Avamapaotoong
'vwong
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Aoyum wg '\wooa Avantapdotaong 'vwong -

Baowkd Xtouyela

» Zuvtaén (syntax)

» Inpavtkn/Inpaoctodoyia (semantics)  Oswpia

MovtéAwv (model theory)

» Anodeiktiki Oswpia (proof theory)
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Aoyum wg '\wooa Avantapdotaong 'vwong -

Oewpia MovtéAwv

» Epunveia (Interpretation): I =< D, f; >

» D:3Z0volo MPWTOYEVWV OVTOTATWV
» f1: EppnveuTIKn ouvaptnon

ouoxetilel cUUPOAQ LE OVTOTNTEG

» Movtédo npotacng (model): I E ¢

» ¢ aAnbnc pe Baon tnv I
» HI wavomnotei tnv @ A n I eivat poviglo tng @

KaBe poviélo meplhapPavel pla
gpunveia  (interpretation) mou
kaBopilel akplpwg o TOLA
QVTLKEIPEVQ, OXEOELG Kail
ouvopTtnoelg avadEpovtal To oUW
Boha  Twv  otaBepwyv, TWV

KOLTNYOPNUATWY KoL Twv
OUVAPTAOEWV.
* Emibiwkouevn gpunveia

(intended interpretation): H
EpUNVela TOU Elxope OTO
MUOAO pag Otav €TUAEYAME
ovopata cupBoOAwv.

» MovtéAo cuVOAOU TPOTACEWV:
» S oUvoAo MPOTACEWVY
» Tpoviédo S avww Vo € S, I poviédo @

14




Aoy wg TAT' - Oewpia Movtedwv (2)

» Ikavomotnopun (satisfiable) mpotaon:
avwdl: I E¢@

» IkavomolnoLpo | cUVENEG (consistent) cUvoAo potAcewv:
avww Il :Vp €S, 1 E ¢

» NAoyikn ouvenaywyn (logical implication)
Amo npotaon
QL EQE,avvVI: I Eq@p=>1FE @,
6L0TNTEC: avaKkAQOTLKY, LETABATIKA
ATtO 0UVOAO TIPOTACEWV
SEQavwVeeSVI: T=Ep=>1E¢
AAN\N opoAoyia:
‘Eykupo enakoAouBo (valid consequence)
Aoykn ouverela (logical consequence)
2NUAVTLKN CUVETELA (semantic consequence)

» AoylwkA Looduvapia
P1 =@ aVV Q1 F @ KAl @ F @




AmodelkTikn Qewpia

» E€aywylpn npotaon
S+ o
» @ elval anoteAeéopa epappoyng Kavovwv E§aywyng
Tuunepaocpatwyv (KEX) mavw otnv S

» Mpotaocelg tou S: YmoBEoelg (premises) N ASiwpota
(axioms)

» E§aywylpeg tou S: Zupnepacpata (conclusions) n
OQswpnuata (theorems)

» Amodelén (proof) mpotaong @ ano S

Mua akoAouBia mpotdoewy pe TEAeuTALO TN @ Kal KAOe AAAN eite
amo 1o § eite e€ayxbeioa ano to S

ovotnpa e€aymyng CUPNEPACHATOV

anodektikn dewpia
otpatyikn eéaywyng
OCUHMEPACHATWV
e€ayoyn mg ¢

Kavoveg e€aywyng
‘ OCUUMEPACHAT®V

|
|
|
I

, , S=SU{¢}
ANAN opoloyia: Sedpina
Zuvenaywyn (deduction)

E¢aywyn (derivation)

> 18




Amodelktikn Pewpia (3)

» 0pOn (sound) dtadikaoia/KEX

» Av KaBe mpotaon mou pnopet va e€axBel amnod to § ouvenayetal Aoyka
anoto §

» VSV SE@ av S+ @

»  ATOTPETEL TNV apaywyn AavBaouévwy AVGEwV

» MARPNG (complete) Stadkaoio/KEL

» Av KABe TPOTOON TTOU CUVETIAYETAL AOYLKA aTto To S pmopet va e€axOel
anoto §

» VSV SHpavSEg@

» Amotpemnel tnv napaiewpn AVoswv
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KAIIT

20




KATHI'OPHMATIKOX AOTIXMOX ITPQTHY TAZEHX -
KAIIT (FIRST ORDER PREDICATE CALCULUS - FOPC)

» Medio oplopol: D (to cUVOAO TWV OVTIKELUEVWY TTOU BEAOUE VO
OVATIOP OO T OOULLE)

» ZtaBepéq (pnia Tiun and to D): {C; € D}

* Aev xpelaletal OAa Ta AVTIKELLEVA (TT.X., TA AVTIKELLEVA TTOU
anoteAoUV AMOTEAECUO CUVAPTNONG) va €XOUV OVOUQ

* Eivalr emiong Suvatd €va OVTIKEIMEVO va €XeL TOAAQ
ovopata.

» Noywkég otaBepég: {T, F}

» MetapAntég (umoouvolo tou D): {v; € D}

» Katnyoppata: {P/'}: D™ — {T, F}, exdpdlouv ox€oelg f LELOTNTEG
HUETOEL N OVTLKELUEVWV

» Zuvaptios: {f;*}: D™ — D, avtiotol(i{ouv n avTikeipeva og éva
AaAAo
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» AOYLKA GUVOETIKA:

— (not)

V (or)

A (and)

= (implies)
< (equivalent)
» Noocodeiktec:
V (kaBoAkoc/universal)
3 (umapélakoc/existential)

} 22




KAIIT - Zovtaén (2)

» Atouwkn Ekdppaon r; Atopo:
P™(tq,...

» 'Opog (t;):
» 2toBepa
» MetapAnti
» Juvaptnon

» KaAa Zxnpotiopévn ‘Ekppaon (K2E):

» Atopo

» =H,(HVG),(HAG),(H = G),(H < G), onou H, G K2Eg
» (Vx)F, (Ax)H, omou x eAevBepn petafAntn kat H KZE

23

IIporoon

ArouinlIpdraoy
ZovOetnllporoon

KAIIT -

[pappa
TIKN

—— ———— 4 1 |

Opog —

THooodeixtng —
2rabepa —
Metafinty —
Kotnyopnuo. —
2ovaptnon —

[TPOTEPAIOTHTA TEAEEZTQN

Aropxillpéraon | ZovOetnllpdtaon

Koanydpnua | Kaznydpnua(Opos, ...) | Opog=0Opog
(Ilporaon )

- I[lpéraon

Ilpéraon N Iporoon

Ilpéraon V Ilporoon

Ipéraon = Ilporaon

Ilpotaon < Ilpotaon

Tooodeixtne Metafinti, . .. [lpdtoon

Svvéptnon(Opog, .. .)
2tabepa.
Mezofinth

V] 3
Al Xy | lwévvyg| -+
a|x|s‘ e

Alnbéc | Wevdés | Metd | Ayard.| Bpéyer| ---

Mntépa. | Aprotepolloon| - -

_‘?:?/\7\/?:>7¢>




KAIIT - ZVvtaén (3)

» EpBEAeLa (scope) mooodeiktn
» H ékdpaon otnv omnoia epappoletal
» O,tL Bploketal ota Se€Ld Tou

» AVOLKTA nmpotaon
» Meplexel eAeVBepec petaBAnTEC

» KAewot mpotaon
» Aev mepLEXeL eEAeVBepeC HETABANTEG

} 25
KAIT - llapadetypata lipotdoewy

» (Vx)(3y)GREATER(x,y)

» (Vx)(Q(x) AP(x)) = R(x)

» (Vx)(P(x) = 3Fy)Q(x,y))

» (Vx)(=(3y)on(x,y) = clear(x))

; 77777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 26




KAIIT - Enuaciodoyikot Kavoveg

» Avp = P(tq,...,ty) totel | = @ avv < t4,...,t, >€E
f;(P™), omou f;(+) n €pUNVEUTIKN cuvapTnon

» Avp = —H tote Il E @ avv I¥H

» Avp = (HVG)twotel Fpavw I =HnlEG

» Avp = (HAG)twotel Epavwl EHkatl E G

» Avp=(H=G)twtelEpawlIkHnI =G

» Avp = (Vx)Htwotel FpavwVxeD = I =H

» Avp=(3x)Hwtel mpavvidxeD = I = H

(anB) = (BAa) avTPETAOETIKOTITO TOV A
(aVp) = (BVa) avipetadetkodTnto Tov V
((anNB)Ay) = (aAN(BA7Y)) TPOCETAPIOTIKOTNTA TOV A
((aVp)Vy) = (aV(BV7y)) mpoceToploTkdTNTU TOV V
—(-a) = a  anaAolpn SITANG Gpvnong
(a = B) = (78 = —a) oviberoavtioTpoon
(= B) = (V) onodowpn CLVETUY®YNS
(ae B) = (a= )AL = a)) oamorowpn aueidpopng vITOOETIKNG
—(aApB) = (maV-5) vopog De Morgan
—(aVp) = (maN-) vopog De Morgan
(an(BV7Y)) = (eAB)V(aAy)) empeprorkdTNTa TOL A ®G TPOG TO V
(aV(BA7Y)) = (aVB)A(aVy)) empepronrkdTNTo TOL V O TPOG TO A




ZUVOETELG LeETaEY TwV V KaL 3

» OL8VU0 MooobEelKTEC lval OTNV MPAYUATIKOTNTO O0TEVA ouvdedeEVOL
HeTaéL TOUC, LEOW TNG ApvNoNG.

» OuolaoTikd to V eival pla ouleuén mou KAAUTITEL TO CU MOV TWV
QVTIKELMEVWV KoLl To T givat pia Staleuén, KATA CUVETELO UTILKOUOUV OTOUG
vopouc tou De Morgan:

—dx P = Vx =P —|(PVQ)E—|P/\—|Q
—Vx P =3x =P —|(P/\Q)E—|PV—|Q
Vx P = —3x =P PAQ =—=(=PV=0Q)
3x P = —Vx =P PVvQ=-(=PA-0Q)
b 29
KAIIT - [Mapadetyua

» Tpelwg otaBepéc: a, b, c

» Tpla katnyopnuata: P(x), Q(x), R(x,y)
» ‘Exoupe TIc €€QC AOYLKEG TTPOTACELG:

P(a)

R(a,b)

P(c) = R(b,0)

(Ax)(P(x))

(Vx, Y)(PONQ(Y)) = R(y, x)

» O kaBoplopoc tnc Aoyikne evvolac (T N F) Twv mpotacewyv
e€aPTATOL OO TV EPUNVEVUTIKA KATW OTO TNV OToLa YIVETOL




KAIIT - MMapddetypo (2)

» Eotw OTL £XOUUE TNV aKOAoLBN
gppunvevtikn I =< D, f; >:

» D ={Mapia, 'avvng, 'wpyoc} loleg amorTLe

» fi(a) = Mapia

TIPONYOU UEVEC TIPOTACELC

aAnBelovy;
» f1(b) = lNavvng
» fi(c) = lNwpyog NpotdoeLc:
» f1(P) = {Mapia} 1. P(a)

2. R(a,b)
3. P(c) = R(b,¢)
4. (Ax)(P(x))

» f1(Q) = {l'avvng, INwpyog}
» fi(R) = {< Mapia, 'avvng >, <
Iavvng, Mapia >}

Metatpomn @I oe KAIIT

32




Metatpomn @I oe KAIIT

Mpoodloplopoc KaTnYopNUATWY/CuVaPTHOEWY
MpocdLoplopog oplopdtwy (aplBuog, Tumoc, cupfoia)

MpocdLoplopoC TOCOSEIKTWY HETAPANTWY Avti  n Swbwaoia - Sev
, , , , autopatonoleitat _otov H/Y,
2XNHUOTIOUOC ATOULKWY EKPPACEWV (ATOUWV) am\d Bond& otnv exkpddnon

ZXNUATIOUOC OpAd WV ATOpwWV ibLou emumedou NG HETATPOTNG

MPoodloplopoC CUVOETIKWY ATOUWY OUAS WV KoL OXNUATIOMOC
avtioTowyv TUMWV

MNpocdloplopog opadwv TUTWYV 8lou emumedou

2TV nepimtwon HLag ouadag, npooétoptouoq OUVOETIKWVY TUTWV
opadag, oXNUATIOUOC TEALKOU TUTIOU Kal tpoxwpoU e oto 10.

I'Ipoo&optouoq OUVOETIKWV TUTIWV OUAS WV, OXNUATIOMOG TUTIWV
ETOEVOU ETUTESOU KAl ETILOTPEDOULE OTO 6.

TomoB£TNoN MOCOJEIKTWY OTOV TEALKO TUTIO Kol Snpoupyia TEALKNC
POTAONG

33

» “O NAovuto eivat okVAoc”

10.

Katnyopnual > okUAOG
optopal > MAoUto (otaBepa)
Aev UTIAPYXOUV TTOOOOELKTEC
atopol » okUAog(MAoUTo)
okUAo¢(MAouTo)

34




Metatpomn @I oe KAIIT - [Mapdderypoa (2)

» “OMot oL avBpwrol eival Bvntol”

1. Katnyopnuoal > avlpwmnog, katnyopnua2 > Bvntog

2. oplopal » x (netaPAntn), oplopa2 > x (netaPfAntn)
3. X>V

4. atopol > avlpwmnog(x), atopo2 > Bvntog(x)

5. {avBpwmog(x), Ovntog(x)}

6. Atopol = atopo2

10. (Vx)avOpwmoc(x) = Bvntoc(x)

Metatpomr) ®I' oe KAIIT - ASloonpelwTeg
[Tepimtwoelg

2elpa MNocodelktwv:

L (Vx)(3y)uever(x,y)
2. Ay)(Vx)uevel(x,y)

» To 1 evvoel OTL 0 KABEVAC LEVEL OE TOUAAXLOTOV EVAL KOTAAU L
» To 2 evvoel OTL OAoL pévouv oto 16Lo KaTdAupa




Metatpomr) ®I' oe KAIIT - A€loonpelwTeg
[Tepimtwoelg (2)

AavOaopévn Xpion touv “A”:
“OMot ol pidaBAoL ayarmouv to nodoocdatlpo”

» (Vx)pilaBlog(x) \ ayarna(x, todoopaipo)
» (Vx)pilabBloc(x) = ayana(x,modocpaipo)

XpnonVv ue =

Metatpomr) ®I' oe KAIIT - ASloonpelwTeg
[Tepimtwoelg (3)

AavOoaopévn Xprion tou “=":
“Kamnoloc ¢pidaBAoc ayamnd to punaoket”

» (Fx)plabrog(x) N\ ayama(x, pUTAOKET)
» (Ax)pilablrog(x) = ayama(x, UTAOKET)

Xpnrion 3 pe A




Metatpomr) ®I' oe KAIIT - A€loonpelwTeg
[Tepimtwoelg (4)

looduvapiac: A = (B=>C)=(AANB)=_C
“All humans eat some food”

» (Vx)(3y)((human(x) A food(y)) = eats(x,y))
» (Vx)(3y)(human(x) = (food(y) = eats(x,y)))

Metatpomr) ®I' oe KAIIT - ASloonpelwTeg
[Tepimtwoelg (5)

Xpnion lootntog
» “Every student loves some student”

(Vx)(student(x) = (Iy)(student(y) A loves(x,y)))

» “Every student loves some other student”

(Vx)(student(x) = (Fy)(student(y) \ =(x
= vy) A loves(x,y)))




[Ipotaoiakn Aoyikn

41

[Tpotaociakn Mopen KAIIT - Clausal Form of FOPC

» MoAAa Aoywka ocupBoAa otnv KANT > MpofAnpoata
Antodoonc yla tnv E€aywyn Zupmepaopatwy

» MNpotaciaki Mopdn (MM):

» JUVTOKTLKA ATtAoVotepn

v

Movo dialeuén (or) kat apvnon (not)

v

loobuvapun pe KANT yia anodeitelg
» Auvtopatn petatpon KAMT og MM




[Ipotaociakn Mopen KAIIT

» Zrolxeio N Aektiko (literal): éva dtopo (Betiko otolxeio) 1
N apvnon evoc atopou (apvntiko oToLKEelLo)

» MNpotaon (clause): n dtalevén moAAwv oTtoLeilwv
(ouvnBwc avanaplotatal we pio Alota otoyeiwv)

» TUTIOL MTPOTACEWV:
Kevii
Movadiaia (Unit)
Oetkn (positive), Apvntikn (negative), Mewktn (mixed)
Horn

2 43

» O otoyoc pog eival va anodacicouvpe av KB E a ywa
KAroLa tpotaon a.

» ‘EAeyxo¢ povtéAwv (model checking): amaptBuei oAa ta
duvatd HOVTEAQ yla va EAEYEEL OTL N a sival aAnbn¢ oe
OoAa Ta povtEAa ota omola n Baon yvwong KB eivat
aAnOng

» Mropel va yivel pLe EAeYXO MOVTEAWV KoL VOO pOLKH
avalntnon npwta o BaBoc (Backtracking-Search).

OuoLaoTLKA glval oav va eAUOUUE TIPOBANUA Lkavortoinong
TIEPLOPLOUWV HE avalntnon mpwta o€ Baboc, xwpic Opwe
ENEYXO OUVETIELQG.




'EAeyyxog povtédwv oty [lpotaciakn Aoyikn (2)

» Av oL tpotadoelc KB kat a meplexouv n cUUBoAC CUVOALKA,
TOTE uTtapyxouv 2™ povtéAa.
» ETMOMEVWCE N XPOVLKN TTOAUTTAOKATNTA TOU aAyopiBuou eival
o(2").
» H xwpwn moAumthokotnta givat povo 0 (n), emeldn n anapibunon
yivetal mpwta og Badoc.

Apyotepa o€ aUTO To KedAAalo Ba tapoucLdoou e alyopiBuoug mou
glval oAU 1o anodoTikol o€ TIOAAEG MEPUTTWOELG.

» H nmporaotakn Aoywkn eivatl coNP-complete
» HAAAov Sev gival euKOAOTEPN amo O,TL av Atav NP-complete
b EMOUEVWE KABE yVWwOoTOG aAyOpLBUOC cupmepaooU yLa Ttnv
T(POTAOLOKN AOYLKH €XEL TTOAUTTAOKOTNTA XELPOTEPNC TIEPLTTTWONG TTOU
elval ekBETIKA WC TIPOG To HEyeBOC TNG ELcOdOoUL.

» Elval 6uvarr’1 n ecbapuoyr'] KaVOVWV ouunepaouoo aneuBelog oTLg
TIPOTAOELG TNG Baonq vvwor]q, YLlOL TNV KATAOKEUT ULaG artOdELENG yLa TNV
emBupntn tpotach, Xwpig va AdBoupe umtoyn pag T LOVTEAQ.

» AvTo Tt?\neoq TWV HOVTEAWV €ival peyalo aAAd to PAKOG TN amodel€ng ival

ULKPO, TOTE N anodel§n OswpnUATWV UTTOPEL val €lval TILO ATTOSOTIKI ATtO TOV
EANEYXO LOVTEAWV.

> OplO'thl’] nporaon (deflnlte clause) xopaktnpiletal pla Staleuvén AeKTIKwWY
arno ta omoia akplBwg Eva eival BeTLKO.
»  Ta napadeypa, n dralevktikn mpotaon (—Ly ; V =AVpa V By 1) eivat oplotiki
npotaon, evw N (B 1 V Py, V P, 1) 8ev elvay, emeldn €xetL U0 BeTikd AeKkTIKA.
» Mpodtaon Horn (Horn clause) xapaktnpiletat pa dtalevén AEKTIKWVY oo ta
orola To oAU €va eival BeTLKO.
» 'OAEC OL OPLOTIKEC TIPOTACELG lval poTtAoeLg Horn.

»  OLTPOTACELS XWPLC BeTIKA AeKTIKA ovopalovTal MPOTACELS 0TOXOoU (goal
clauses)

»  OLmpotdoelg Horn dgv £xouv TANPN EKGPACTIKOTNTA OTNV TTPOTACLAKI AOYLKA.

» O mpoodloplopdg TNG AOYLKIG CUVETAYWYHG LE TIPOTACELG Horn pmopetl va
ylvETOL O XPOVO YPOUMLKO WG IIPOG To HEYEDBOC TG Baong yvwong (forward-,
backward-chaining)




Avaywyr oTov TPOTACLAKO CUUTIEPAC O

» Tevikn texvikn petatpornng KANT os npotactakr popdn (propositionalization)

» MpOBAnua: 6tav n Bacn yvwong nspt)\auBavsL Eva GUVOLpTr]GlOLKO oupupolo,
KaBw¢ To0 UVOAO TwV SUVATWV AVTIKATAOTACEWV Baclkwy OpwV gival anelpo!

b Oswpnp.a Herbrand (1930) av ULo Tpotaon auvsnayerat aro v ap)(LKn Baon
yvwonc KAIT, tote unapxa anodelén nou adopd HOVO EVa MENMEPATHEVO
UMOOUVOAO TNG poTtaclaknig Baong yvwong.

» Ouwg: Av n mpotaon Sev ouvenayetal ano tn Baon yvwoncg, auto dev punopet
va anodelyBel (Church-Turing thesis, 1936)

» KANT elvat nmanacpaawmn (semidecidable) — Sn)\aén, EVW unapxouv
a}\vopteum TIOU amavtoUV BETIKA o€ KABe ouvsnayouevn nporacn, dev umapxel
KOLT[OLOC aAyOpLOUOG TTOU va amavid apvnTKA o€ KAOE N CUVETTAYOUEVN
npotaon.

» AAyOplOuol cuveneic (sound), aAAA OXL TIAS

Av KB ¥ Q (x) t6te KB A =Q(x) wavomotiotpun

» MANpeLs wg mpog tnv avtigaon i diapevon (refutation complete)

» TANPELS yia KB pe mpotaoeigc Horn xwpic cuvaptnolakd cUuBoAa (Datalog).

» Yevaplo: O vouog Ast otL n mwAnon onAwv o€ avtinada (twv HIA) kpatn
armo Auepikavouc oAitec amoteAei kakoupynua. H xywpa Novo, exBpoc tn¢
AUEPLKNC, SLUETEL UEPLKOUC TTUPAUAOUC, Kat OAoL ot tupauAot touAndnkav
O€ QUTNV armo tov Juvtayuatapxn Nouéaot, o omoiog ival ALUEPLKAVOC.
> Apepikavog(x) A'OmAo(y) A llwAnon(x, y, z) A Avtinarog(z) =

EyxAnuatiog(x)
» Katéxeu(Novo, M,)
» [MOpavAog(M;)

» [MOpavrog(x) A Katéxel(Novo, x) = IMwAnon(I'ovéot, x, Novo)

» [MOpavAog(x) = 'OmAo(x)
, , , Autn n Baon yvwong tuxaivel va ivat pia
» Ex0pog(x, Apepixr)) = Avtinarog(x) | pasn yvdene Datalog: H Datalog eivau pia

» Auepikavog(Fovéot) vAwooa ) : :
TTIOU OTOTENELTAL OO OPLOTIKEC TTPOTATELC

» ExBpog(Novo, Apepikn) TPWTNC TEENC XWPLC CUVAPTNOLAKA
oUUBOAQ.




Amodelen Oewpnuatog - Forward Chaining

[Onto(M,)|  [Téinon(Tovéar, M, Névo))|

|A,u€pllcav0'g(F 0Vé0T) | | HTopoviog(M l)l | Kotéyer(Novo, M) | |E xOpoc(Novo, A,uepucﬁ)|

Ewova 9.4 To 6€vopo amddeiéng mov onuovpyeitat omd TV mpog T EUTPAC AALGION EKTEAE-
o1NG 0TO TAPAdEyra Ue TV TOANGCT Tupaviev. Ta apykd yeyovota epeavifoviol 610 KAT®
EMINEDO, TA YEYOVATO TOL GUVAYOVTOL OO TNV TPATN ENAVOANYT 0TO Lecaio eninedo, KAl Ta
YEYOVOTO, TOL GLVAYOVTUL OO TN OEVTEPT] EMAVAANYT 6TO ENAV® EMinedo.

Ye KAOe Bripa tpocBETeL oTnV KB OAEC TIG ATOULKEG TIPOTACELS TTOU
HUImopoUV va cuvaxBouv o€ €va Bripa amno TG TPOTACELG CUVETIAYWYNG
KOLL TLG AAAEG OTOULKEG TIPOTACELS TNG KB.

|Eylc/177,uatl'ag(F ovéar)|

|A/zeplzcavég(F ovém')| | Onlo(y) | |17a')/1no'17(F ovéar,Ml,z)l |Avn'7ra/log(No'v0)|
{z/Névo}

* Eivat o alyoplBuog mou Baaoiletal n yl\waooa Prolog
, akopa kot yia Datalog!
* Redundant/infinite paths

Ewova 9.7 To 6£v3po amodel&ng mov KOTUoKEVASETAL LE TPOG TA TGW OAVGIdO EKTELEOTC Y10
v andden tov 611 0 T'ovéot eivar eykAnpartioc. To 6évdpo mpénet va SraPootel pe mpote-
patotnta Badovg, and apiotepd mpog ta de€id. T va amodeitovue 6t EyrAnuotiog(Iovéot),
npénet va amodeifovple Toug T€60eptg cLEEVKTEOVG TTOV Ppickovtat amd KAt Tov. Mepkoi omd
avtovg Ppickovtat otn Pdon yvdoNG, EVd GALOL OTUUTOVV TEPALTEP® TTPOG TO TIG® OAVGId
extédeons. Ot deopedoelg Yo KaBe emtuynuévn evoroinom @aivovtal dimia 6Tov avticToyo
voctoyo. [apatnphote 611, POGOV EVag VITOGTOYOG oG GVEEVENS EMTVYEL, 1] OVTIKOTACTOOT
TOL £appoleTat 6ToVg ENaKOA0VO0VG VITocTOYOLS. ETat, 6tav 1 FOL-BC-AsK ¢tdoet oTov T€-
Aevtaio oulevkto, 0 omoiog apykd eivan Avrizalog(z), 10 z 0a £xel 1dN deopevtel pe o Novo.
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Aoy kot AUTOUATOG ZUAAOYLOUOG

dvowkr Mwooa () KANT

1 Epwtnua

Avtipaon
TNn¢ EniAvong

|

ZUUMEPAOUQ

Mpotaotakr Moper (MM)

Metatpomn KAIIT o€ [Ipotaociokn
Mopepn
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KAIIT - Kavovikéc Mop@éeg

» Zuleuktikn Kavovikl Mopdn - ZKM (Conjunctive Normal Form -
CNF)

(HVG)A(—AVG)A ..

» Xe popdn CNF, T AEKTIKA Umopouv va neptexouv ueraB?\ntsq, Ol OTTOLEG
Bewpouvtal OTL lval KABOALKA TTOCOTLKOTIOLNMEVEC (V, LOXVUEL yla OAa)

KaBe mpotacn AoyLlkng Mpwtng TAENG UMOPEL va LETATPATIEL OE pLa toodUvaun

ooov awopd tov cuunepaocuo npotaon CNF.

» Awalevktiki Kavovikil Mopdn - AKM (Disjunctive Normal Form -
DNF)

(HAGV(=AAG)V ...

» Kavovikl Mopdn Prenex - KMP (Prenex Normal Form - PNF)

H, G, A KXEc
(Q1%1)(Q2x2) ... (Qnxyn)(H) Q; Mo00dEIKTEG
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Awadikaoia:
1. Amnaloldn cuvemaywywv
2. Neploplopdg epPEAeLOG apvroewV

3. Metovopaoia petaBAntwy pe to i6lo dvopa ou decpevovtal amno
SlapopetikoU¢ mMooodeikTeC

Metatporr) oe KMP (PNF)

Arntaloldn unapélakwv mocodelktwv (Skolemisation)
Artaloldr KaBoAlKwV TTOCOSELKTWY

Metatpornr oe IKM (CNF)

Artaloldr SLacuvOETIKWY Kol Kataypodn Twv mapaxOeviwy
TIPOTACEWV

© N o v B

9. Metovopaoia petaBAnTwV (MepMTWon MEPLOCOTEPWYV TNG LOG
TIPOTACEWV UE KOWECG LETAPANTEG)




Metatpomn KAIIT o€ [Ipotaciakny Mopen

Awadikaoio:
1. Arooldpr] GUVENOYWYWV [ (H=G6)»(-HVG) ]

2. MNeploplopog epPEAELOG OPVACEWY

3. Metovopaoia petaBAntwy pe to 6lo dvopa ou deopelovtal amno
SLadpopeTIKOUC TTOCOSEIKTEC

4. Metatponn oe KMP (PNF)

5. Amaloiwdn urnapélakwv nocodeiktwy (Skolemisation)

6. Amaloldr KaBoAlKwV MocoSELKTWY

7. Metatponn o KM (CNF)

8. Amaloidn dLaouvleTIKWY Kal Kataypadr Twv napaxBEVIWY MPoTAcEwV

9. Metovopaoia petaBAntwy (mMeplmtwon MEPLOCOTEPWYV TNG LLOG
TIPOTACEWV UE KOWEC LETAPANTEG)
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Awadikaoio: ~(=H)~H

—~(Vx)H ~» (3x)(=H)

~(3x)H ~ (Vx)(=H)

2. MNeploplopog epPelelag apvioewv| —(H;AHy A...AHy) ~ (=Hy V =H, V...V =H,)
—|(H1VH2 VVHn) - (—lHl/\—|H2 A n)

1. Amnaloiwdpn cuvemaywywv

3. Metovopaoia petaBAntwy pe to L
SLadhopeTIKOUC TTOCOSEIKTEC

4. Metatponn oe KMP (PNF)

5. AmaAowdn vnapélakwyv tocodelktwy (Skolemisation)

6. Amaloildr KaBoAlKwV MOcOSELKTWY
7. Metatponn o KM (CNF)
8. Amaloidn dLaouvleTIKWwY Kal Kataypadr Twv napaxBEVIWY MPoTAcEWV

9. Metovopaoia petaBAntwy (mMeplmtwon MEPLOCOTEPWYV TNG LLOG
TIPOTACEWV UE KOLWVEC LETAPANTEC)
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MetatpoTtr) KAIIT oe [Ipotaoiakn Mopen

Awadkaoia:

1. AmaAoiwdn cuvenaywywv

2. Meploplopoc epPerelag apvoewv

3. Metovopaoia petafAntwv pe to (6o ovopa mou decpevovtal ano
SladopeTikoUC MOCOSEIKTEC

4. Metatporn) oe KMP (PNF)

5. Analowdn vntapélakwy moocodelktwy (Skolemisation)
» ZraBepég Skolem: AvtikaBlotoUpe T peTtafAnTi UE Eva VEO Ovoua

» Zuvaptnoelg Skolem: AvtikaBlotoU e tn peTafAnTn HE ULla VEQ ouvaptnon,
WOoTE va eapTatol armo TG AAAEC LETABANTEG

OAeC TIG KABOALKA TTOOOTLKOTIOLNUEVEG LETAPBANTEC OTNV EUPEAELA TWV OTIOLWV
epudaviletal o umapELlakog mMocodeiKTNG.

H npotaon Skolem wavormoteital akplPwe 0TV LKAVOTIOLETAL KOL N APXLKN
npotaon.

Awadkaoia:
1. Amnaloiwdpn cuvemaywywv
2. MNeploplopog epPEAELOC APVACEWY

3. Metovopaoia petaBAntwy pe to 6lo dvopa ou decpelovtal amno
SLadhopeTIKOUC TTOCOSEIKTEC

4. Metatponn oe KMP (PNF)
5. AmaAowdn vnapélakwyv tocodelktwy (Skolemisation)

6. Amaloildr KaBoAlKwV MOcOSELKTWY

7. Metatponn o KM (CNF) [ (HV (HiANHy A...ANHp)) = (HV H)AN(HV Hy) A... A (H VHy)) ]

8. Amaloidn dLaouvleTIKWwY Kal Kataypadr Twv napaxBEVIWY MPoTAcEWV

9. Metovopaoia petaBAntwy (mMeplmtwon MEPLOCOTEPWYV TNG LLOG
TIPOTACEWV UE KOLWVEC LETAPANTEC)
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Metatpomn KAIIT o [IM - [Tapdderyua

Npotaon KANT: (Vx)(a(x) Ab(x)) = (Fy)d(x,y)
1. AmoAoldpry CUVETOYWYWV

(Vx)=(alx) Ab(x))V (Iy)d(x,y)

2. Neploplopoc ePBEAELOC PVAOEWY

(Vx)(ma(x) V =b(x))V (y)d(x,y)
3. Metovopaoia petaBAnTwy - pn epapurocLLo
4. Metatponn oe KMP (PNF)

(Vx)(Fy)((na(x) V =b(x))V d(x,y))

5. AmaAoildn urtapLlakwy TOCOSELKTWY

(Vx)((ma(x) V =b(x)V d(x, f(x))

6. Amaloldr KaBoAlKwV MocoSELKTWY

((ma(x) V =b(x))V d(x, f(x))
7. Metatponn o KM (CNF) - pn epappooipo

8. Amaloidn SLaouvleTIKWY Kal Kataypadr Twv napaxBEVIWY MpoTAcEwV

{ma(x), =b(x), d(x, f(x)}

9. Metovopaoia petaBAnTwy - pn epapurooLLo
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