
Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

Logik  Pr¸thc T�xhc: ShmasiologÐa

• H ènnoia thc ermhneÐac sth logik  pr¸thc t�xhc

• 'Allec jemeli¸deic ènnoiec: ikanopoÐhsh, ikanopoihsimìthta,
al jeia, montèlo, logik  k�luyh, egkurìthta, isodunamÐa

• Merik� jewr mata pou jemeli¸noun tic parap�nw ènnoiec

• ParadeÐgmata
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H 'Ennoia thc ErmhneÐac Diaisjhtik�

H shmasÐa twn tÔpwn thc logik c pr¸thc t�xhc dÐnetai apì thn
ènnoia thc ermhneÐac.

Mia ermhneÐa (interpretation) kajorÐzei pl rwc èna kìsmo gia
ton opoÐo èqoume anaparast sei gn¸sh qrhsimopoi¸ntac th logik 
pr¸thc t�xhc.

Mia ermhneÐa kajorÐzei pl rwc èna kìsmo wc ex c:

• KajorÐzontac to sÔnolo twn antikeimènwn tou kìsmou.
To sÔnolo autì lègetai pedÐo (domain)   sÔmpan
(universe) thc ermhneÐac.

• DÐnontac mia antistoÐqish twn sumbìlwn tou lexilogÐou
pou qrhsimopoioÔme me antikeÐmena (objects), sunart seic
(functions) kai sqèseic (relations) tou kìsmou.
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H 'Ennoia thc ErmhneÐac Diaisjhtik�

Mia ermhneÐa antistoiqÐzei k�je sÔmbolo stajer�c se èna
antikeÐmeno tou kìsmou.

Par�deigma: Se mia sugkekrimènh ermhneÐa, to sÔmbolo John

mporeÐ na anafèretai ston John Lennon.

Se mia �llh ermhneÐa mporeÐ na anafèretai ston King John, basili�
thc AgglÐac apì to 1166 wc to 1216 m.Q.
(http://en.wikipedia.org/wiki/John_of_England).
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H 'Ennoia thc ErmhneÐac Diaisjhtik�

Mia ermhneÐa antistoiqÐzei k�je sÔmbolo kathgor matoc se mia
sqèsh tou kìsmou.

Par�deigma: Se mia sugkekrimènh ermhneÐa, to sÔmbolo
Brother(., .) mporeÐ na anafèretai sth sqèsh adelfìthtac. Se èna
kìsmo me trÐa antikeÐmena King John, John Lennon, kai Richard
the Lionheart, h sqèsh adelfìthtac mporeÐ na orÐzetai apì tic
akìloujec plei�dec:

{ 〈King John, Richard the Lionheart〉,
〈Richard the Lionheart, King John〉 }
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H 'Ennoia thc ErmhneÐac Diaisjhtik�

Mia ermhneÐa antistoiqÐzei p�nta to sÔmbolo isìthtac sthn
sqèsh tautìthtac (identity relation) ston kìsmo.

H sqèsh tautìthtac orÐzetai wc ex c:

id = {〈o, o〉 : to o eÐnai antikeÐmeno tou kìsmou}
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H 'Ennoia thc ErmhneÐac Diaisjhtik�

Mia ermhneÐa antistoiqÐzei k�je sÔmbolo sun�rthshc se mia
sunarthsiak  sqèsh (  sun�rthsh) ston kìsmo.

Par�deigma: Se mia sugkekrimènh ermhneÐa, to sÔmbolo
FatherOf(.) mporeÐ na antistoiqÐzetai sthn sunarthsiak  sqèsh
patrìthtac. Gia par�deigma, sthn pr¸th biblik  oikogèneia, h
sqèsh patrìthtac mporeÐ na orÐzetai apì tic akìloujec plei�dec:

{〈Cain, Adam〉, 〈Abel, Adam〉}
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H 'Ennoia thc ErmhneÐac - Tupikìc Orismìc

'Estw èna lexilìgio Σ.

Mia ermhneÐa I tou Σ apoteleÐtai apì èna mh kenì sÔnolo |I| pou
onom�zetai pedÐo (domain)   sÔmpan (universe) thc I, kai mia
sun�rthsh ·I pou k�nei tic ex c antistoiqÐseic sta sÔmbola tou Σ:

1. K�je sÔmbolo stajer�c c antistoiqÐzetai se èna stoiqeÐo
cI ∈ |I|.

2. K�je n-adikì sÔmbolo kathgor matoc P antistoiqÐzetai se
mia n-adik  sqèsh P I ⊆ |I|n. Dhlad , to P I eÐnai èna sÔnolo
n-�dwn pou apoteloÔntai apì stoiqeÐa tou pedÐou |I|.

3. K�je n-adikì sÔmbolo sun�rthshc F antistoiqÐzetai se mia
n-adik  sun�rthsh F I : |I|n → |I| .

Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

Par�deigma: O Kìsmoc tou Wumpus
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Lexilìgio gia to Par�deigma

An jèloume na parast soume ton kìsmo tou Wumpus se logik  pr¸thc
t�xhc mporoÔme na qrhsimopoi soume to parak�tw lexilìgio:

• SÔmbola stajer¸n:

Agent, Wumpus, Gold, Breeze, Stench, Rm11, Rm12, . . . , Rm44

• SÔmbola sunart sewn:

– To monadiaÐo sÔmbolo sun�rthshc NorthOf gia na dhl¸soume to
monadikì tetragwn�ki pou brÐsketai amèswc bìreia apì to
tetragwn�ki pou dhl¸nei to ìrisma thc sun�rthshc. Gia par�deigma,
to tetragwn�ki amèswc bìreia apì to tetragwn�ki Rm11 eÐnai to
tetragwn�ki Rm21 = NorthOf(Rm11).

– AntÐstoiqa sÔmbola sunart sewn SouthOf, WestOf, EastOf .
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Lexilìgio gia to Par�deigma

• SÔmbola kathgorhm�twn:

– To duadikì kathgìrhma Location ja qrhsimopoieÐtai gia na
dhl¸sei to tetragwn�ki sto opoÐo brÐsketai to k�je
antikeÐmeno tou kìsmou (p.q. o pr�ktorac, o Wumpus kai h
pl�ka qrusoÔ).

– To duadikì kathgìrhma Percept ja qrhsimopoieÐtai gia na
dhl¸sei k�ti pou antilamb�netai o pr�ktorac (p.q., aÔra  
dus�resth murwdi�) sto k�je tetragwn�ki.

– To monadiaÐo kathgìrhma Bottomless ja qrhsimopoieÐtai gia
na dhl¸sei ìti èna tetragwn�ki perièqei phg�di.
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Suz thsh

Ja mporoÔse k�poioc na diamarturhjeÐ gia ta sÔmbola stajer¸n
Rm11, Rm12 klp. pou montelopoioÔn ta tetragwn�kia.

'Enac kalÔteroc trìpoc gia na montelopoi soume to plaÐsio eÐnai na
orÐsoume to duadikì sÔmbolo sun�rthshc (binary function
symbol) Room(x, y) ìpou x kai y eÐnai suntetagmènec kai na
gr�youme kat�llhlouc tÔpouc gi autì.

Dokim�ste to san �skhsh!
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Par�deigma ErmhneÐac

T¸ra mporoÔme na d¸soume mia ermhneÐa I gia ta sÔmbola tou
lexilogÐou h opoÐa parist�nei to stigmiìtupo tou kìsmou tou
Wumpus pou faÐnetai sthn parap�nw eikìna:

• To pedÐo thc I eÐnai ta antikeÐmena pou blèpoume sthn eikìna.
Idanik� ja èprepe na ta zwgrafÐsoume! Epeid  ìmwc autì eÐnai
dÔskolo, ta parist�noume me thn antÐstoiqh Agglik  lèxh
grammènh me mikr� gr�mmata:

|I| = {agent, wumpus, gold, breeze, stench, rm11, . . . , rm44}.

Mia �llh kal  idèa ja  tan na ta gr�youme sta Ellhnik� ¸ste
na mhn ta mperdeÔoume me ta sÔmbola thc logik c (stajerèc,
sunart seic kai kathgor mata) pou qrhsimopoioÔme kai ta
opoÐa eÐnai sta Agglik�.
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Par�deigma ErmhneÐac

• H I k�nei tic ex c antistoiqÐseic sta sÔmbola stajer¸n:

AgentI = agent, WumpusI = wumpus, GoldI = gold,

BreezeI = breeze, StenchI = stench,

Rm11I = rm11, . . . , Rm44I = rm44

Prosoq : agent eÐnai èna stoiqeÐo tou pedÐou thc ermhneÐac,
dhlad  o pr�ktorac thc parap�nw eikìnac, en¸ Agent eÐnai èna
sÔmbolo stajer�c pou qrhsimopoioÔme gia na anaferjoÔme
ston pr�ktora. 'Omoiwc gia ta upìloipa sÔmbola.
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Par�deigma ErmhneÐac

• H I antistoiqÐzei sto monadiaÐo sÔmbolo sun�rthshc NorthOf

th sun�rthsh NorthOf I : |I| → |I| h opoÐa orÐzetai wc ex c:

NorthOf I(rm11) = rm21,

NorthOf I(rm21) = rm22, . . . , NorthOf I(rm34) = rm44

• H I antistoiqÐzei sta sÔmbola monadiaÐwn sunart sewn
SouthOf, WestOf,EastOf tic sunart seic
SouthOf I ,WestOf I , EastOf I oi opoÐec orÐzontai antÐstoiqa
me to NorthOf I .
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Par�deigma ErmhneÐac

• H I antistoiqÐzei sto monadiaÐo sÔmbolo kathgor matoc
Bottomless thn parak�tw monadiaÐa sqèsh:

{〈rm13〉, 〈rm33〉, 〈rm44〉}

• H I antistoiqÐzei sto duadikì sÔmbolo kathgor matoc Location

thn akìloujh duadik  sqèsh:

{〈agent, rm11〉, 〈wumpus, rm31〉, 〈gold, rm32〉}
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Par�deigma ErmhneÐac

• H I antistoiqÐzei sto duadikì sÔmbolo kathgor matoc Percept thn
akìloujh duadik  sqèsh:

{〈rm12, breeze〉, 〈rm14, breeze〉, 〈rm21, stench〉, 〈rm23, breeze〉,
〈rm32, breeze〉, 〈rm32, stench〉, 〈rm34, breeze〉, 〈rm41, stench〉,
〈rm43, breeze〉}
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H 'Ennoia thc An�jeshc Metablht¸n

Epeid  oi tÔpoi thc logik c pr¸thc t�xhc mporoÔn na perièqoun
eleÔjerec metablhtèc, ja qreiastoÔme thn ènnoia thc an�jeshc
metablht¸n gia na mil soume gia thn ikanopoÐhsh enìc tÔpou apì
mia ermhneÐa.

Orismìc. Mia an�jesh metablht¸n (variable assignment)
eÐnai mia sun�rthsh s : V ars → |I| ìpou V ars eÐnai èna sÔnolo
metablht¸n kai I mia ermhneÐa.

Par�deigma: H sun�rthsh s pou eÐnai tètoia ¸ste

s(x) = rm11 kai s(y) = rm21

eÐnai mia an�jesh metablht¸n.
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H 'Ennoia thc An�jeshc Metablht¸n: DiaÐsjhsh

'Otan qrhsimopoioÔme mia an�jesh metablht¸n, aut  mac dÐnei ta
antikeÐmena tou kìsmou ta opoÐa parist�noun oi di�forec eleÔjerec
metablhtèc enìc tÔpou.

An ènac tÔpoc den èqei eleÔjerec metablhtèc, tìte h ènnoia thc
an�jeshc metablht¸n den eÐnai aparaÐthth gia na mil soume gia thn
ikanopoÐhsh tou tÔpou autoÔ ìpwc ja doÔme parak�tw.
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An�jesh Metablht¸n: Mia Epèktash

Ja qreiasteÐ na epekteÐnoume thn ènnoia thc an�jeshc
metablht¸n ¸ste na mporeÐ na efarmosteÐ se ìlouc touc
ìrouc tou lexilogÐou.

OrÐzoume loipìn th sun�rthsh

s : Terms → |I|

apì to sÔnolo ìlwn twn ìrwn Terms sto pedÐo thc ermhneÐac |I|.
H sun�rthsh s eÐnai epèktash thc s, kai antistoiqÐzei k�je ìro se
èna stoiqeÐo tou pedÐou (diaisjhtik�: antistoiqÐzei k�je ìro sto
antikeÐmeno tou kìsmou pou parist�nei o ìroc autìc).
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Notation vs. Denotation

Sthn Agglik  bibliografÐa ja sunant sete suqn� thn orologÐa
notation kai denotation.

Otan gr�foume èna ìro, p.q. FatherOf(WifeOf(John)), autìc
eÐnai o sumbolismìc mac (notation) gia na anaferjoÔme ston pejerì
tou John.

To antikeÐmeno tou kìsmou pou parist�nei o ìroc
FatherOf(WifeOf(John)) lègetai denotation tou ìrou autoÔ.
Dhlad , h sun�rthsh s mac dÐnei denotations (omoÐwc, oi
antistoiqÐseic pou kajorÐzoun mia ermhneÐa).
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An�jesh Metablht¸n: Mia Epèktash

Tupik�, h s : Terms → |I| orÐzetai wc ex c:

• Gia k�je metablht  x, s(x) = s(x).

• Gia k�je sÔmbolo stajer�c c, s(c) = cI .

• An t1, . . . , tn eÐnai ìroi kai F eÐnai èna n-adikì sÔmbolo
sun�rthshc, tìte

s(F (t1, . . . , tn)) = F I(s(t1), . . . , s(tn)).
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Par�deigma

'Estw h an�jesh metablht¸n s pou eÐnai tètoia ¸ste

s(x) = rm11 kai s(y) = rm21.

Tìte, gia thn ermhneÐa I pou perigr�fei ton kìsmo tou Wumpus, apì ton
orismì thc s èqoume:

s(x) = s(x) = rm11, s(y) = s(y) = rm21,

s(Rm11) = Rm11I = rm11, s(Agent) = AgentI = agent,

s(NorthOf(x)) = NorthOf I(s(x)) = NorthOf I(s(x)) =

NorthOf I(rm11) = rm21
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H 'Ennoia thc IkanopoÐhshc (Satisfaction)

'Estw φ ènac kal� orismènoc tÔpoc thc logik c pr¸thc t�xhc, I mia
ermhneÐa kai s : V ars → |I| mia an�jesh metablht¸n.

Ja orÐsoume anadromik� ti shmaÐnei h I na ikanopoieÐ ton tÔpo φ me
an�jesh metablht¸n s. Autì sumbolÐzetai wc ex c:

|=I φ[s]   I |= φ[s]

Parat rhsh: Se sÔgkrish me thn protasiak  logik , ed¸ èqoume epiplèon
thn ènnoia thc an�jeshc metablht¸n.

Diaisjhtik�: H èkfrash |=I φ[s] shmaÐnei ìti h kat�stash pou
perigr�fetai apì thn φ isqÔei ston kìsmo pou perigr�fei h ermhneÐa I me
thn upìjesh ìti opoiad pote eleÔjerh metablht  x thc φ antiproswpeÔei to
stoiqeÐo s(x) tou |I|.
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H 'Ennoia thc IkanopoÐhshc

O anadromikìc orismìc thc ènnoiac thc ikanopoÐhshc arqÐzei me thn
perÐptwsh twn atomik¸n tÔpwn.

AtomikoÐ tÔpoi. O orismìc thc ikanopoÐhshc gia touc atomikoÔc
tÔpouc èqei wc ex c:

• Gia atomikoÔc tÔpouc pou perièqoun to sÔmbolo thc
isìthtac dhl. gia tÔpouc thc morf c t1 = t2 ìpou t1, t2 eÐnai
ìroi:

|=I t1 = t2 [s] ann s(t1) = s(t2)

Diaisjhtik�: |=I t1 = t2 [s] ann oi ekfr�seic s(t1) kai s(t2)
apotimoÔntai sto Ðdio stoiqeÐo tou pedÐou thc I.
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H 'Ennoia thc IkanopoÐhshc

• Gia atomikoÔc tÔpouc pou perièqoun �lla sÔmbola
kathgorhm�twn dhl. gia tÔpouc thc morf c P (t1, . . . , tn)
ìpou P eÐnai èna n-adikì sÔmbolo kathgor matoc kai t1, . . . , tn

eÐnai ìroi:

|=I P (t1, . . . , tn)[s] ann 〈s(t1), . . . , s(tn)〉 ∈ P I .

Diaisjhtik�: |=I P (t1, . . . , tn)[s] ann ta antikeÐmena tou
pedÐou thc I sta opoÐa apotimoÔntai oi ekfr�seic s(t1), . . . , s(tn)
brÐskontai sth sqèsh pou parist�nei h èkfrash P I .
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H 'Ennoia thc IkanopoÐhshc

Loipèc kathgorÐec kal� orismènwn tÔpwn (wffs):

• |=I ¬φ[s] ann 6|=I φ[s] (dhlad  ann den isqÔei h sqèsh |=I φ[s]).

• |=I (φ ∧ ψ)[s] ann |=I φ[s] kai |=I ψ[s].

• |=I (φ ∨ ψ)[s] ann |=I φ[s]   |=I ψ[s].

• |=I (φ ⇒ ψ)[s] ann 6|=I φ[s]   |=I ψ[s].

• |=I (φ ⇔ ψ)[s] ann |=I φ[s] kai |=I ψ[s],   6|=I φ[s] kai 6|=I ψ[s].

Parat rhsh: Oi orismoÐ ed¸ eÐnai antÐstoiqoi me autoÔc thc
protasiak c logik c.
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H 'Ennoia thc IkanopoÐhshc

• |=I (∀x)φ [s] ann gia k�je d ∈ |I|, èqoume |=I φ[s(x|d)].

H sun�rthsh s(x|d) eÐnai mia an�jesh metablht¸n pou eÐnai
Ðdia me thn s me thn diafor� ìti anajètei sth metablht  x to
stoiqeÐo d tou pedÐou. Tupik�, h sun�rthsh s(x|d) orÐzetai wc
ex c:

s(x|d)(y) =





s(y) an y 6= x

d an y = x

• |=I (∃x)φ [s] ann up�rqei d ∈ |I| tètoio ¸ste |=I φ[s(x|d)].
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Par�deigma: O Kìsmoc tou Wumpus
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ParadeÐgmata IkanopoÐhshc

• |=I x = y [s] gia opoiad pote an�jesh metablht¸n s pou
antistoiqÐzei ta x kai y sto Ðdio stoiqeÐo tou pedÐou (p.q.,
s(x) = s(y) = wumpus). GiatÐ?

Epeid  an s(x) = s(y) = wumpus tìte s(x) = s(x) = wumpus

kai s(y) = s(y) = wumpus.

• |=I Agent = Agent [s] gia opoiad pote an�jesh metablht¸n s.

Autì eÐnai profanèc.
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Par�deigma

• |=I Rm21 = NorthOf(Rm11) [s] gia opoiad pote an�jesh
metablht¸n s. GiatÐ?
Epeid  s(Rm21) = Rm21I = rm21 kai

s(NorthOf(Rm11)) = NorthOf I(s(Rm11)) =

= NorthOf I(Rm11I) = NorthOf I(rm11) = rm21.

• |=I Rm21 = NorthOf(x) [s] gia opoiad pote an�jesh
metablht¸n s tètoia ¸ste s(x) = rm11. GiatÐ?
Epeid  s(Rm21) = Rm21I = rm21 kai

s(NorthOf(x)) = NorthOf I(s(x)) =

NorthOf I(s(x)) = NorthOf I(rm11) = rm21.
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Par�deigma

• |=I Bottomless(x)[s] gia opoiad pote an�jesh metablht¸n s tètoia
¸ste s(x) = rm13   s(x) = rm33   s(x) = rm44. GiatÐ?

Epeid  an s(x) = rm13 tìte

〈s(x)〉 = 〈s(x)〉 = 〈rm13〉 ∈ BottomlessI .

AntÐstoiqa kai gia tic �llec peript¸seic.

• |=I Location(Agent,Rm11)[s] gia opoiad pote an�jesh metablht¸n
s. GiatÐ?

Epeid 

〈s(Agent), s(Rm11)〉 = 〈AgentI , Rm11I〉 = 〈agent, rm11〉 ∈ LocationI .
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Par�deigma

• |=I ¬Location(Gold, Rm44)[s] gia opoiad pote an�jesh metablht¸n
s. GiatÐ?
Epeid 

〈s(Gold), s(Rm44)〉 = 〈GoldI , Rm44I〉 = 〈gold, rm44〉 6∈ LocationI

opìte 6|=I Location(Gold, Rm44)[s] gia opoiad pote an�jesh
metablht¸n s.

• |=I Location(Gold,Rm32) ∨ Location(Gold, Rm44)[s] gia
opoiad pote an�jesh metablht¸n s. GiatÐ?
Epeid 

〈s(Gold), s(Rm32)〉 = 〈GoldI , Rm32I〉 = 〈gold, rm32〉 ∈ LocationI

opìte |=I Location(Gold, Rm32)[s] gia opoiad pote an�jesh
metablht¸n s.



Teqnht  NohmosÔnh M. Koumpar�khc'

&

$

%

Par�deigma

• |=I (∃x)Location(x,Rm11)[s] gia opoiad pote an�jesh metablht¸n
s. GiatÐ?
Epeid 

〈s(Agent), s(Rm11)〉 = 〈AgentI , Rm11I〉 = 〈agent, rm11〉 ∈ LocationI

opìte |=I Location(x,Rm11)[s(x|agent)].

• 6|=I (∀x)Location(Wumpus, x)[s] gia opoiad pote an�jesh
metablht¸n s. GiatÐ?
Epeid 

〈s(Wumpus), s(Rm11)〉 = 〈WumpusI , Rm11I〉 =

〈wumpus, rm11〉 6∈ LocationI

opìte 6|=I Location(Wumpus, x)[s(x|rm11)].
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O Rìloc thc An�jeshc Metablht¸n

'Otan jèloume na diapist¸soume an mia ermhneÐa ikanopoieÐ èna tÔpo
φ me an�jesh metablht¸n s, den qreiazìmaste ìlh thn (pijan�
�peirh se mègejoc) plhroforÐa pou mac dÐnei h s.

Autì pou mac endiafèrei einai oi timèc thc sun�rthshc s gia tic
(peperasmènou pl jouc) metablhtèc pou eÐnai eleÔjerec sthn s.
M�lista an h φ eÐnai prìtash, tìte h s den èqei kami� shmasÐa.
Autì diatup¸netai tupik� apì to akìloujo je¸rhma.

Je¸rhma. 'Estw anajèseic metablht¸n s1, s2 : V ars → |I| pou
sumfwnoÔn se ìlec tic eleÔjerec metablhtèc tou tÔpou φ (an
up�rqoun tètoiec metablhtèc). Tìte

|=I φ[s1] ann |=I φ[s2].
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An�jesh Metablht¸n kai Prot�seic

To parap�nw je¸rhma èqei to ex c pìrisma.

Pìrisma. 'Estw h prìtash φ kai h ermhneÐa I. Tìte eÐte:
(a) h I ikanopoieÐ thn φ me k�je an�jesh metablht¸n s : V ars → |I|,  
(b) h I den ikanopoieÐ thn φ me opoiad pote an�jesh metablht¸n.

To parap�nw pìrisma mac epitrèpei na agnooÔme tic anajèseic metablht¸n
ìtan mil�me gia ikanopoÐhsh prot�sewn. 'Etsi an h φ eÐnai mia prìtash kai
I mia ermhneÐa, mporoÔme apl� na lème ìti h I ikanopoieÐ (  den
ikanopoieÐ) thn φ kai gr�foume apl¸c |=I φ (  6|=I φ).
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H 'Ennoia thc Ikanopoihsimìthtac

Orismìc. 'Enac tÔpoc φ lègetai ikanopoi simoc (satisfiable) ann
up�rqei mia ermhneÐa I kai mia an�jesh metablht¸n s tètoiec ¸ste |=I φ[s].
Diaforetik�, o tÔpoc lègetai mh ikanopoi simoc (unsatisfiable).

ParadeÐgmata: Oi tÔpoi

Location(Wumpus,Rm31), Location(Agent, Rm11), (∃x)R(y, x)

eÐnai ikanopoi simoi.

Oi tÔpoi
P (x) ∧ ¬P (x), (∀x)P (x) ∧ ¬P (A)

eÐnai mh ikanopoi simoi.

MporeÐte na d¸sete èna algìrijmo pou na apofasÐzei an ènac dosmènoc
tÔpoc φ eÐnai ikanopoi simoc?
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AlhjeÐc Prot�seic � Montèla

Orismìc. 'Estw mia prìtash φ kai mia ermhneÐa I. An h I

ikanopoieÐ thn φ tìte ja lème ìti h φ eÐnai alhj c sthn I   ìti h I

eÐnai montèlo thc φ.

Par�deigma: H ermhneÐa I pou orÐsthke sto par�deigma tou
kìsmou tou Wumpus eÐnai montèlo twn parak�tw prot�sewn:

Location(Wumpus, Rm31), Location(Agent, Rm11),

(∃x)Percept(Breeze, x)

Orismìc. Mia ermhneÐa I eÐnai èna montèlo enìc sunìlou
prot�sewn KB ann eÐnai montèlo k�je prìtashc pou perièqetai sto
sÔnolo KB.
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H 'Ennoia thc Logik c K�luyhc (Entailment)

Orismìc. 'Estw ψ kai φ tÔpoi. Ja lème ìti o ψ kalÔptei
logik� ton φ   oti o φ èpetai logik� apì ton ψ (sumbolismìc:
ψ |= φ), ann gia k�je ermhneÐa I kai an�jesh metablht¸n
s : V ars → |I| tètoia ¸ste |=I ψ[s], èqoume epÐshc ìti |=I φ[s].
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ParadeÐgmata

Happy(John) ∧ (∀x)(Happy(x) ⇒ Laughs(x)) |= Laughs(John)

WellPaid(John) ∧ (¬WellPaid(John) ∨Happy(John)) |= Happy(John)
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H 'Ennoia thc Logik c K�luyhc

Me ìmoio trìpo orÐzoume thn ènnoia thc logik c k�luyhc an antÐ
gia thn ψ èqoume èna sÔnolo tÔpwn thc logik c pr¸thc t�xhc (pou
apoteloÔn, ac poÔme, th b�sh gn¸shc mac).

Orismìc. 'Estw KB èna sÔnolo tÔpwn, kai φ ènac tÔpoc. Tìte h
KB kalÔptei logik� ton φ   o φ èpetai logik� apì thn KB

(sumbolismìc: KB |= φ), ann gia k�je ermhneÐa I kai an�jesh
metablht¸n s : V ars → |I| tètoia ¸ste h I na ikanopoieÐ k�je mèloc
thc KB me an�jesh metablht¸n s, h I ikanopoieÐ epÐshc ton φ me
an�jesh metablht¸n s.
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ParadeÐgmata

{ Happy(John), (∀x)(Happy(x) ⇒ Laughs(x)) } |= Laughs(John)

{ WellPaid(John), ¬WellPaid(John) ∨Happy(John) } |= Happy(John)

MporeÐte na d¸sete ènan algìrijmo pou na apofasÐzei an èna sÔnolo tÔpwn
kalÔptei logik� èna �llo tÔpo?
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H 'Ennoia thc Egkurìthtac

Orismìc. 'Enac tÔpoc φ eÐnai ègkuroc (valid) ann gia k�je
ermhneÐa I kai k�je an�jesh metablht¸n s : V ars → |I|, h I

ikanopoieÐ ton φ me an�jesh metablht¸n s.

ParadeÐgmata: Oi prot�seic

P (A) ∨ ¬P (A), P (A) ⇒ P (A), (∀x)P (x) ⇒ (∃x)P (x)

eÐnai ègkurec.

MporeÐte na d¸sete ènan algìrijmo pou na apofasÐzei an ènac
tÔpoc eÐnai ègkuroc?
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H 'Ennoia thc IsodunamÐac

Orismìc. DÔo tÔpoi φ kai ψ lègontai logik� isodÔnamoi
(logically equivalent) (sumbolismìc: φ ≡ ψ) ann φ |= ψ kai
ψ |= φ.
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Merik� Basik� Jewr mata

Ja d¸soume t¸ra merik� basik� jewr mata pou susqetÐzoun tic
ènnoiec thc ikanopoihsimìthtac, thc logik c k�luyhc, thc
egkurìthtac kai thc isodunamÐac.

Sta parak�tw jewr mata, upojètoume ìti oi φ kai ψ eÐnai tuqaÐoi
tÔpoi thc logik c pr¸thc t�xhc.

Je¸rhma. φ |= ψ ann o tÔpoc φ ⇒ ψ eÐnai ègkuroc.
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Apìdeixh

�Mìno an�

'Estw mia tuqaÐa ermhneÐa I kai mia tuqaÐa an�jesh metablht¸n
s : V ars → |I|. Ja apodeÐxoume ìti |=I (φ ⇒ ψ)[s].

Ja jewr soume dÔo peript¸seic an�loga me to an |=I φ[s]   ìqi.

Ac upojèsoume arqik� ìti |=I φ[s]. AfoÔ φ |= ψ, èqoume kai
|=I ψ[s]. 'Etsi, apì ton orismì thc ikanopoÐhshc gia th
sunepagwg , èqoume |=I (φ ⇒ ψ)[s].

Ac upojèsoume t¸ra ìti 6|=I φ[s]. Apì ton orismì thc ikanopoÐhshc
gia th sunepagwg , mporoÔme apeujeÐac na sumper�noume
|=I (φ ⇒ ψ)[s].
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Apìdeixh

�An�

'Estw mia tuqaÐa ermhneÐa I kai mia tuqaÐa an�jesh metablht¸n
s : V ars → |I|.
Ac upojèsoume epÐshc ìti |=I φ[s]. Ja apodeÐxoume ìti |=I ψ[s].

AfoÔ h φ ⇒ ψ eÐnai ègkurh, èqoume |=I (φ ⇒ ψ)[s]. EpÐshc afoÔ
xèroume ìti |=I φ[s], ja prèpei na isqÔei |=I ψ[s].

Opìte, apì ton orismì thc logik c k�luyhc, èqoume φ |= ψ.
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Merik� Basik� Jewr mata

Je¸rhma. O tÔpoc φ eÐnai mh ikanopoi simoc ann o tÔpoc ¬φ

eÐnai ègkuroc. Apìdeixh?

Je¸rhma. φ |= ψ ann o tÔpoc φ ∧ ¬ψ eÐnai mh ikanopoi simoc.
Apìdeixh?

Je¸rhma. φ ≡ ψ ann o tÔpoc φ ⇔ ψ eÐnai ègkuroc. Apìdeixh?
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Merikèc Shmantikèc Logikèc IsodunamÐec

'Estw tÔpoi φ kai ψ. Tìte:

1. ¬(φ ∧ ψ) ≡ ¬φ ∨ ¬ψ

2. ¬(φ ∨ ψ) ≡ ¬φ ∧ ¬ψ

3. φ ∧ ψ ≡ ¬(¬φ ∨ ¬ψ)

4. φ ∨ ψ ≡ ¬(¬φ ∧ ¬ψ)

5. φ ⇒ ψ ≡ ¬φ ∨ ψ

6. φ ⇔ ψ ≡ (φ ⇒ ψ) ∧ (ψ ⇒ φ)

ApodeÐxeic?
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Apìdeixh thc φ ⇒ ψ ≡ ¬φ ∨ ψ

Arqik� ac apodeÐxoume ìti

φ ⇒ ψ |= ¬φ ∨ ψ.

'Estw mia tuqaÐa ermhneÐa I kai mia tuqaÐa an�jesh metablht¸n
s : V ars → |I|.
Ac upojèsoume ìti |=I (φ ⇒ ψ)[s]. Ja apodeÐxoume ìti |=I (¬φ ∨ ψ)[s].

Apì ton orismì thc ikanopoÐhshc gia th sunepagwg , èqoume 6|=I φ[s]  
|=I ψ[s].

An 6|=I φ[s], tìte apì ton orismì thc ikanopoÐhshc gia thn �rnhsh,
èqoume |=I ¬φ[s]. Opìte, apì ton orismì thc ikanopoÐhshc gia th
di�zeuxh, èqoume |=I (¬φ ∨ ψ)[s].

An |=I ψ[s], tìte apì ton orismì thc ikanopoÐhshc gia th di�zeuxh,
epÐshc èqoume |=I (¬φ ∨ ψ)[s].
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Apìdeixh

Ac apodeÐxoume t¸ra ìti:

¬φ ∨ ψ |= φ ⇒ ψ.

'Estw mia tuqaÐa ermhneÐa I kai mia tuqaÐa an�jesh metablht¸n
s : V ars → |I|.
Ac upojèsoume ìti |=I (¬φ ∨ ψ)[s]. Ja apodeÐxoume ìti |=I (φ ⇒ ψ)[s].

Apì ton orismì thc ikanopoÐhshc gia th di�zeuxh, èqoume |=I ¬φ[s]  
|=I ψ[s]. Ja jewr soume tic dÔo akìloujec peript¸seic.

An |=I ¬φ[s], tìte apì ton orismì thc ikanopoÐhshc gia thn �rnhsh,
èqoume 6|=I φ[s]. Opìte, apì ton orismì thc ikanopoÐhshc gia thn
sunepagwg , èqoume |=I (φ ⇒ ψ)[s].

An |=I ψ[s] tìte mporoÔme na sumper�noume |=I (φ ⇒ ψ)[s] apeujeÐac
apì ton orismì thc ikanopoÐhshc gia thn sunepagwg .



Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

Merikèc Shmantikèc Logikèc IsodunamÐec

1. (∀x)φ ≡ ¬(∃x)¬φ

2. (∃x)φ ≡ ¬(∀x)¬φ

3. (∀x)¬φ ≡ ¬(∃x)φ

4. (∃x)¬φ ≡ ¬(∀x)φ

ApodeÐxeic?
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Merikèc Shmantikèc Logikèc IsodunamÐec

1. (∃x)(φ ∨ ψ) ≡ (∃x)φ ∨ (∃x)ψ

2. (∃x)(φ ∧ ψ) |= (∃x)φ ∧ (∃x)ψ

3. (∀x)φ ∨ (∀x)ψ |= (∀x)(φ ∨ ψ)

4. (∀x)(φ ∧ ψ) ≡ (∀x)φ ∧ (∀x)ψ

ApodeÐxeic?
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Mia apì tic ApodeÐxeic

ApodeÐxte ìti

(∃x)(φ(x) ∧ ψ(x)) |= (∃x)φ(x) ∧ (∃x)ψ(x).

Apìdeixh: 'Estw mia tuqaÐa ermhneÐa I kai mia tuqaÐa an�jesh
metablht¸n s, tètoiec ¸ste

|=I (∃x)(φ(x) ∧ ψ(x))[s].

Tìte sÔmfwna me ton orismì thc ikanopoÐhshc gia touc tÔpouc me
uparxiakì posodeÐkth, up�rqei èna d ∈ |I| tètoio ¸ste

|=I (φ(x) ∧ ψ(x))[s(x|d)].

Tìte sÔmfwna me ton orismì thc ikanopoÐhshc gia touc tÔpouc me
sÔzeuxh, èqoume
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Mia apì tic ApodeÐxeic

|=I φ(x)[s(x|d)]

kai
|=I ψ(x)[s(x|d)].

T¸ra, apì ton orismì thc ikanopoÐhshc gia touc tÔpouc me
uparxiakì posodeÐkth kai p�li, èqoume

|=I (∃x)φ(x)[s]

kai
|=I (∃x)ψ(x)[s].

T¸ra, apì ton orismì thc ikanopoÐhshc gia touc tÔpouc me sÔzeuxh,
èqoume:

|=I (∃x)φ(x) ∧ (∃x)ψ(x)[s].
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Merikèc Shmantikèc Logikèc IsodunamÐec

An h metablht  x den eÐnai eleÔjerh ston tÔpo φ, tìte:

1. (∀x)φ ≡ φ

2. (∃x)φ ≡ φ

3. (∃x)(φ ∧ ψ(x)) ≡ φ ∧ (∃x)ψ(x)

4. (∃x)(φ ∨ ψ(x)) ≡ φ ∨ (∃x)ψ(x)

5. (∀x)(φ ∨ ψ(x)) ≡ φ ∨ (∀x)ψ(x)

6. (∀x)(φ ∧ ψ(x)) ≡ φ ∧ (∀x)ψ(x)

ApodeÐxeic?
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Proqwrhmènh Anapar�stash Gn¸shc

An jèlete na deÐte p¸c h logik  pr¸thc t�xhc mporeÐ na efarmosteÐ gia
anaparastash gn¸shc se di�fora polÔploka kai endiafèronta pedÐa, deÐte
to Kef�laio 10 apì to biblÐo AIMA (de ja to kalÔyoume sto m�jhma).

'Ena �llo endiafèron par�deigma eÐnai to pedÐo twn pìrwn tou
Pagkìsmiou IstoÔ (HTML selÐdec, uphresÐec klp.). Autì to pedÐo eÐnai
s mera antikeÐmeno entatik c melèthc apì touc ereunhtèc tou
ShmasiologikoÔ IstoÔ (Semantic Web) qrhsimopoi¸ntac montèrnec
gl¸ssec kai teqnikèc anapar�stashc gn¸shc pou basÐzontai se di�forec
logikèc kai stic teqnologÐec tou IstoÔ (URIs, XML klp.). Ta jèmata aut�
kalÔptontai sto metaptuqiakì m�jhma mou TeqnologÐec Gn¸sewn
(http://cgi.di.uoa.gr/~pms509/).
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Mhqanik  Gn¸shc

H upoperioq  thc Teqnht c NohmosÔnhc pou asqoleÐtai me teqnikèc
sqediasmoÔ, ulopoÐhshc, sunt rhshc klp. b�sewn gn¸sewn lègetai
mhqanik  gn¸shc (knowledge engineering) kai oi antÐstoiqoi
mhqanikoÐ lègontai mhqanikoÐ gn¸shc (knowledge engineers).

Antiparab�llete me thn perioq  thc mhqanik c logismikoÔ kai touc
mhqanikoÔc logismikoÔ.
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Logik : O Apeirostikìc Logismìc thc Plhroforik c

H logik  pr¸thc t�xhc eÐnai mia polÔ shmantik  logik  pou qrhsimopoieÐtai
se di�forec upoperioqèc thc epist mhc thc plhroforik c. All� up�rqoun
kai pollèc �llec qr simec logikèc:

• Logikèc uyhlìterhc t�xhc (higher-order logics): second-order logic,
third-order logic etc.

• Tropik  logik  (modal logic) (me telestèc ìpwc “possible” kai
“certain”).

• Qronik  logik  (temporal logic) (me telestèc ìpwc “in the past”, ktl.).

• Logikèc gn¸shc kai pepoÐjhshc (logics of knowledge and belief).

• Logikèc gia tic b�seic dedomènwn (logics for databases).

• Logikèc perigraf¸n (description logics).

• ....
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Melèth

Kef�laio 8 apì to AIMA: Logik  Pr¸thc T�xhc

'Allec tupikèc parousi�seic thc logik c pr¸thc t�xhc mporeÐ na
brei kaneÐc sta ex c biblÐa:

1. Opoiod pote biblÐo majhmatik c logik c. To tupikì uliko gi'
autèc tic diaf�neiec eÐnai apì to biblÐo:
H.B. Enderton, “A Mathematical Introduction to Logic”,
Academic Press, 1972.

DeÐte thn istoselÐda tou maj matoc gia �lla biblÐa logik c.

2. M.R. Genesereth and N.J. Nilsson, “Logical Foundations of
Artificial Intelligence”, Morgan Kaufmann, 1987.

3. R.J. Brachman and H.J. Levesque, “Knowledge Representation
and Reasoning”, Morgan Kaufmann, 2004.


