
Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

H Logik  Pr¸thc T�xhc

H logik  pr¸thc t�xhc (first-order logic)   kathgorhmatik 
logik  pr¸thc t�xhc (first-order predicate logic) eÐnai mia
logik  pio ekfrastik  apì thn protasiak  logik  pou kalÔptei èna
meg�lo mèroc twn apait sewn pou èqoume apì mia gl¸ssa
anapar�stashc gn¸shc.

Jèmata pou ja melet soume:

• Suntaktikì (aut  h parousÐash)

• ShmasiologÐa

• JewrÐa apodeÐxewn - Sumperasmìc
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Ontologikèc Upojèseic thc Logik c Pr¸thc T�xhc

• O kìsmoc apoteleÐtai apì antikeÐmena (objects).

• Ta antikeÐmena summetèqoun se sqèseic (relations) me �lla
antikeÐmena. Merikèc apì autèc tic sqèseic eÐnai sunart seic
(functions).

• Oi sqèseic metaxÔ antikeimènwn mporeÐ na alhjeÔoun   na mhn
alhjeÔoun ston kìsmo pou montelopoioÔme.

Autèc oi ontologikèc upojèseic k�noun th logik  pr¸thc t�xhc qrhsimìterh
apì thn protasiak  logik  san gl¸ssa anapar�stashc gn¸shc.



Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

Logik  Pr¸thc T�xhc: Suntaktikì

Ta sÔmbola thc logik c pr¸thc t�xhc (me isìthta) eÐnai ta
akìlouja:

• Parenjèseic: (, ).

• Oi logikoÐ sÔndesmoi: ¬,∧,∨,⇒ kai ⇔.

• 'Ena arijm simo apeirosÔnolo metablht¸n. To sÔnolo autì
ja to sumbolÐzoume me V ars.

ParadeÐgmata: x, y, v, . . .
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SÔmbola

• Ta sÔmbola posodeikt¸n (quantifier symbols): ∀, ∃
To sÔmbolo ∀ lègetai kajolikìc posodeÐkthc en¸ to ∃
uparxiakìc.

• To sÔmbolo thc isìthtac (equality symbol) =
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SÔmbola

• 'Ena arijm simo �peirosÔnolo pou perièqei sÔmbola
stajer¸n (constant symbols).

ParadeÐgmata: John, Mary, 5, 6, Ball123, . . .

• SÔmbola sunart sewn (function symbols): Gia k�je
jetikì akèraio n, èqoume èna sÔnolo (pijan¸c kenì) pou
perièqei n-adik� sÔmbola sunart sewn.

ParadeÐgmata:
FatherOf(·), BestFriendOf(·), Cosine(·), Sum(·, ·), . . .
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SÔmbola

• SÔmbola kathgorhm�twn (predicate symbols): Gia k�je
jetikì akèraio arijmì n, èqoume èna sÔnolo (pijan¸c kenì) pou
perièqei n-adik� sÔmbola kathgorhm�twn.

ParadeÐgmata: Happy(·), Brother(·, ·), Arrives(·, ·, ·), . . .

SÔmbash: Ta sÔmbola metablht¸n ja arqÐzoun me mikrì gr�mma
tou AgglikoÔ alf�bhtou, en¸ ta sÔmbola stajer¸n, sunart sewn
kai kathgorhm�twn me kefalaÐo.
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H 'Ennoia tou LexilogÐou

Ja qrhsimopoioÔme ton ìro lexilìgio (vocabulary) gia na
anaferìmaste sta sÔnola sumbìlwn stajer¸n, sunart sewn kai
kathgorhm�twn pou ja qrhsimopoioÔme gia na montelopoi soume
èna pedÐo efarmog¸n.

'Eqontac èna lexilìgio, mporoÔme na kataskeu�soume ekfr�seic thc
logik c pr¸thc t�xhc. Ja diakrÐnoume tic akìloujec kathgorÐec
ekfr�sewn:

• 'Oroi

• AtomikoÐ tÔpoi

• Kal� orismènoi tÔpoi   pio apl� tÔpoi.
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'Oroi

Oi ìroi (terms) eÐnai ekfr�seic thc logik c pr¸thc t�xhc pou
parist�noun antikeÐmena ston kìsmo pou montelopoioÔme. To
sÔnolo twn ìrwn ja to sumbolÐzoume me Terms.

H akìloujh grammatik  dÐnei to suntaktikì twn ìrwn:

Term → ConstantSymbol | V ariable

| FunctionSymbol(Term, . . . , T erm)
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ParadeÐgmata 'Orwn

John

x

FatherOf(John)

WifeOf(FatherOf(x))

Sum(1, 2)

Sum(x, Sum(1, 2))
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AtomikoÐ TÔpoi

Oi atomikoÐ tÔpoi (atomic formulas) eÐnai ekfr�seic thc
logik c pr¸thc t�xhc pou parist�noun apl� gegonìta   aplèc
sqèseic an�mesa se antikeÐmena tou kìsmou pou montelopoioÔme.

H akìloujh grammatik  dÐnei to suntaktikì twn atomik¸n tÔpwn:

AtomicFormula → Term = Term

| PredicateSymbol(Term, . . . , T erm)
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ParadeÐgmata Atomik¸n TÔpwn

John = ElderSonOf(Mary)

John = ElderSonOf(FatherOf(John))

Sum(1, Sum(2, 3)) = 6

Happy(John)

EvenNumber(Sum(1, Sum(2, 3))

LivesIn(John, London)

Arrives(John, Athens,Monday)
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Kal� Orismènoi TÔpoi

Oi kal� orismènoi tÔpoi (well-formed formulas   wffs) eÐnai to
pio polÔploko eÐdoc ekfr�sewn thc logik c pr¸thc t�xhc. MporoÔn na
perigr�foun polÔplokec katast�seic ston kìsmo pou montelopoioÔme.

H akìloujh grammatik  dÐnei to suntaktikì twn kal� orismènwn tÔpwn:

Wff → AtomicFormula | ( Wff ) | ¬ Wff

| Wff BinaryConnective Wff

| ( Quantifier V ariable ) Wff
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ParadeÐgmata Kal� Orismènwn TÔpwn

¬Loves(Tony, Mary)

Loves(Tony, Paula) ∨ Loves(Tony, F iona)

Loves(John, Paula) ∧ Loves(John, F iona)

(∀x)(SportsCar(x) ∧HasDriven(Mike, x) ⇒ Likes(Mike, x))

(∃x)(SportsCar(x) ∧Owns(John, x))

∀x)(Greek(x)∧(∀y)(IsChildOf(y, x) ⇒ UniversityAlumni(y)) ⇒ Proud(x))
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ParadeÐgmata Kal� Orismènwn TÔpwn

∀x)(Integer(x) ∧ Even(x) ⇒ Odd(Sum(x, 1)))

∀x)(Integer(x) ⇒ (∃y)(Integer(y) ∧ SmallerThan(y, x)))



Teqnht  NohmosÔnh M. Koumpar�khc'

&

$

%

Proteraiìthta

'Opwc eÐpame kai gia thn protasiak  logik , den up�rqoun apodektoÐ ap'
ìlouc kanìnec proteraiìthtac telest¸n gia th logik  pr¸thc t�xhc.

Oi kanìnec proteraiìthtac pou ja qrhsimopoi soume eÐnai oi ex c. Oi
logikoÐ sÔndesmoi ¬,∧,∨,⇒ kai ⇔ èqoun thn proteraiìthta pou orÐsame
sthn protasiak  logik . Oi posodeÐktec èqoun thn Ðdia proteraiìthta me
ton ¬.

Dhlad , h proteraiìthta eÐnai (apì th megalÔterh proc th mikrìterh):

• ¬, ∀ kai ∃
• ∧
• ∨
• ⇒
• ⇔
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PosodeÐktec: Diaforèc apì to BiblÐo AIMA

• Sto biblÐo AIMA oi posodeÐktec gr�fontai qwrÐc
parenjèseic. Dhlad , ja deÐte

∃x Stole(x,MyWallet)

∀x Integer(x) ⇒ Even(x) ∨Odd(x)

antÐ gia
(∃x)Stole(x,MyWallet)

(∀x)(Integer(x) ⇒ Even(x) ∨Odd(x))

pou ja deÐte stic diaf�neiec. Kai oi dÔo sumbolismoÐ eÐnai
apodektoÐ kai sun jeic se biblÐa Logik c kai Teqnht c
NohmosÔnhc.
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PosodeÐktec: Diaforèc apì to BiblÐo AIMA

Prosoq : To biblÐo upojètei (siwphr�) ìti oi posodeÐktec èqoun
proteraiìthta mikrìterh apì ìlouc touc logikoÔc sundèsmouc. Oi
diaf�neiec mou den akoloujoÔn to biblÐo s' autì to shmeÐo.

Dhlad , sto biblÐo ja breÐte ton tÔpo

∀x Integer(x) ⇒ Even(x) ∨Odd(x)

pou kwdikopoieÐ swst� to gegonìc ìti k�je akèraioc eÐnai �rtioc   perittìc
me dedomènh thn proteraiìthta pou upojètei to biblÐo.

Stic diaf�neiec mou autì ja gr�fetai wc ex c:

(∀x)(Integer(x) ⇒ Even(x) ∨Odd(x))

Stic ask seic kai tic exet�seic, mporeÐte na akolouj sete tic diaf�neiec  
to biblÐo. 'Omwc prèpei na exhg sete poio sumbolismì akoloujeÐte, kai na
ton efarmìsete me sunèpeia.
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EmfanÐseic Metablht¸n

Mia metablht  mporeÐ na emfanÐzetai pollèc forèc s' èna tÔpo. Gia
par�deigma, h metablht  x emfanÐzetai dÔo forèc ston parak�tw tÔpo:

(∃x)(SportsCar(x) ∧Owns(John, x))

Prosoq : Den metr�me thn emf�nish ston posodeÐkth (∃x) o opoÐoc
eis�gei thn metablht .

Oi emfanÐseic (occurences) metablht¸n s' èna tÔpo mporeÐ na eÐnai
eleÔjerec (free)   desmeumènec (bound).
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EleÔjerec EmfanÐseic Metablht¸n

O parak�tw anadromikìc orismìc orÐzei thn ènnoia thc eleÔjerhc
emf�nishc miac metablht c s' èna tÔpo:

• Opoiad pote emf�nish miac metablht c x s' èna atomikì tÔpo φ eÐnai
eleÔjerh.

• Mia emf�nish miac metablht c x ston tÔpo ¬φ eÐnai eleÔjerh ann h
emf�nish aut  eÐnai eleÔjerh ston tÔpo φ.

• Mia emf�nish miac metablht c x ston tÔpo φ ∧ ψ eÐnai eleÔjerh ann
h emf�nish aut  eÐnai eleÔjerh ston tÔpo φ   ston tÔpo ψ. OmoÐwc
kai gia touc upìloipouc duadikoÔc sundèsmouc.

• Mia emf�nish miac metablht c x ston tÔpo (∀v)φ eÐnai eleÔjerh ann
h emf�nish aut  eÐnai eleÔjerh ston φ kai h x eÐnai diaforetik  apì
thn v. AntÐstoiqa gia ton posodeÐkth ∃.
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Desmeumènec EmfanÐseic Metablht¸n

Orismìc. An mia emf�nish metablht c den eÐnai eleÔjerh s' èna
tÔpo, tìte h emf�nish aut  lègetai desmeumènh (bound) ston
tÔpo autì.
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ParadeÐgmata

• H emf�nish thc metablht c x ston tÔpo Brother(x, John) eÐnai
eleÔjerh.

• K�je emf�nish thc metablht c x ston tÔpo

(∀x)(Cat(x) ⇒ Mammal(x))

den eÐnai eleÔjerh (eÐnai desmeumènh).

• K�je emf�nish thc metablht c y ston tÔpo

(∀x)(Friend(x, y) ⇒ Loves(x, y))

eÐnai eleÔjerh.

• K�je emf�nish thc metablht c y ston tÔpo

(∀x)(∀y)(Friend(x, y) ⇒ Loves(x, y))

eÐnai desmeumènh.
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ParadeÐgmata

• Jewr ste ton tÔpo
((∀x)P (x)) ∧ S(x).

H pr¸th emf�nish thc metablht c x ston parap�nw tÔpo (dhlad  h
emf�nish ston P (x)) eÐnai desmeumènh. H deÔterh emf�nish thc
metablht c x (dhlad  h emf�nish ston S(x)) eÐnai eleÔjerh.

• Jewr ste ton tÔpo

(∀x)(P (x) ∧ (∀x)(S(x) ∨R(x))).

'Olec oi emfanÐseic thc metablht c x ston parap�nw tÔpo eÐnai
desmeumènec.
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Embèleia Posodeikt¸n

H embèleia (scope) enìc posodeÐkth (∀x)φ   (∃x)φ eÐnai o tÔpoc
φ.

Prosoq : H metablht  x den eÐnai aparaÐthto na emfanÐzetai ston
tÔpo φ. S' aut  thn perÐptwsh, o tÔpoc (∀x)φ   (∃x)φ eÐnai
isodÔnamoc me ton φ.

Mia emf�nish metablht c mporeÐ na brÐsketai sthn embèleia poll¸n
posodeikt¸n. H stenìterh embèleia sthn opoÐa brÐsketai mia
desmeumènh emf�nish metablht c kajorÐzei ton posodeÐkth pou th
desmeÔei.
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ParadeÐgmata

Poioc posodeÐkthc desmeÔei k�je emf�nish twn metablht¸n x, y kai
z stouc parak�tw tÔpouc?

(∀x)(∃z)P (x, z)

(∀x)S(x) ∧ (∀y)R(x, y)

(∀x)P (x, y) ∧ (∀y)R(x, y)

(∀x)(∀x)S(x)
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EleÔjerec Metablhtèc

Orismìc. 'Estw φ ènac tÔpoc. Mia metablht  x pou èqei mia
eleÔjerh emf�nish ston φ lègetai eleÔjerh metablht  tou φ.

ParadeÐgmata:

• H metablht  x eÐnai eleÔjerh metablht  tou tÔpou
Brother(x, John).

• H metablht  x eÐnai eleÔjerh metablht  tou tÔpou

((∀x)P (x)) ∧ S(x)

�lla ìqi tou tÔpou (∀x)P (x).
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Prot�seic

Orismìc. An ènac kal� orismènoc tÔpoc φ den èqei eleÔjerec
metablhtèc, tìte o φ lègetai prìtash (sentence).

ParadeÐgmata: O tÔpoc

(∀x)(Cat(x) ⇒ Mammal(x))

eÐnai prìtash.

O tÔpoc Brother(x, John) den eÐnai prìtash.
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Mikrì Di�leimma
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Anapar�stashc Gn¸shc kai Fusikèc Gl¸ssec

ProtimoÔme na qrhsimopoioÔme tupikèc kai ìqi fusikèc
gl¸ssec gia anapar�stash gn¸shc. Mia fusik  gl¸ssa den eÐnai
kat�llhlh gia anapar�stash gn¸shc epeid :

• EÐnai kurÐwc mèso epikoinwnÐac kai ìqi anapar�stashc.

• EÐnai amfÐshmh (ambiguous).

• EÐnai mh sunjetik  (non-compositional).

MporoÔme na parast soume sth logik  pr¸thc t�xhc mh amfÐshmec
prot�seic fusik¸n glwss¸n pou perigr�foun ton kìsmo pou
montelopoioÔme.

'Omwc qrei�zetai na katal�boume pl rwc thn prìtash pou mac
dÐnetai kai na eÐmaste prosektikoÐ!
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Qr simec Parathr seic

Kat' arq n den prèpei na xeqn�me tic ontologikec upojèseic thc logik c
pr¸thc t�xhc:

• O kìsmoc apoteleÐtai apì antikeÐmena (objects).
ParadeÐgmata: O Gi�nnhc, h MarÐa, o Azìr, o Parjen¸nac, to b�zo,
to fegg�ri, to nerì, h eir nh

• Ta antikeÐmena summetèqoun se sqèseic (relations) me �lla
antikeÐmena. Merikèc apì autèc tic sqèseic eÐnai sunart seic
(functions).
ParadeÐgmata:
– O Gi�nnhc agap�ei th MaÐrh.
– O Gi�nnhc eÐnai o patèrac tou Pètrou.

• Oi sqèseic metaxÔ antikeimènwn mporeÐ na alhjeÔoun   na mhn
alhjeÔoun ston kìsmo pou montelopoioÔme.
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Qr simec Parathr seic

• Ta antikeÐmena tou kìsmou pou montelopoioÔme parist�nontai
apì ìrouc.

• Oi atomikoÐ tÔpoi parist�noun apl� gegonìta   aplèc sqèseic
an�mesa se antikeÐmena tou kìsmou.

• Oi kal� orismènoi tÔpoi perigr�foun polÔplokec
katast�seic ston kìsmo.
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Qr simec Parathr seic

An doÔme th dom  miac fusik c gl¸ssac (p.q., thc Ellhnik c), ja
diakrÐnoume eÔkola ta akìlouja basik� mèrh tou lìgou:

• Ousiastik�: Ta ousiastik� eÐnai oi klitèc lèxeic pou
qrhsimopoioÔme gia na anaferìmaste se ìti apartÐzei to kìsmo
pou mac perib�llei.

ParadeÐgmata: Gi�nnhc, MarÐa, Azìr, Parjen¸nac, b�zo,
fegg�ri, nerì, eir nh klp.

Ta ousiastik� mporoÔn na parastajoÔn apì stajerèc sth
logik  pr¸thc t�xhc.

ShmeÐwsh: Oi orismoÐ twn mer¸n tou lìgou eÐnai apì th sÔntomh
grammatik  pou sunodeÔei to lexikì tou G. Mpampini¸th �Lexikì gia to
SqoleÐo kai to GrafeÐo�.
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Qr simec Parathr seic

• R mata: Ta r mata eÐnai klitèc lèxeic pou qrhsimopoioÔme gia
na dhl¸soume ìti èna prìswpo, z¸o   pr�gma energeÐ, dèqetai
mia enèrgeia   brÐsketai se mia kat�stash.

ParadeÐgmata:

– O Azìr paÐzei me th mp�la.

– O Gi�nnhc agap�ei th MaÐrh.

– O Gi�nnhc koim�tai.

Ta r mata mporoÔn na parastajoÔn apì kathgor mata sth
logik  pr¸thc t�xhc.
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ParadeÐgmata

• O Azìr paÐzei me th mp�la.

Plays(Azor,Ball)

'Edw èqoume èna r ma (paÐzei) pou perigr�fei th sqèsh an�mesa se dÔo
ousiastik�.

• O Gi�nnhc agap�ei th MaÐrh.

Loves(John, Mary)

'Edw èqoume èna r ma (agap�ei) pou perigr�fei th sqèsh an�mesa se
dÔo ousiastik�.

• O Gi�nnhc koim�tai.
Asleep(John)

'Edw èqoume èna r ma (koim�tai) pou deÐqnei ìti èna prìswpo (Gi�nnhc)
brÐsketai se mia kat�stash.
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ParadeÐgmata

• O Gi�nnhc eÐnai o patèrac tou Pètrou.

John = FatherOf(Peter)

Ed¸ èqoume dÔo ousiastik� (Gi�nnhc, Pètroc), mia sqèsh
metaxÔ touc pou eÐnai sun�rthsh (patèrac tou) kai mia sqèsh
isìthtac pou perigr�fetai apì to r ma �eÐnai�.

Prosoq : Den ja  tan l�joc na parast soume thn parap�nw
fr�sh me ton atomikì tÔpo

IsFatherOf(John, Peter).

H anapar�stash ìmwc pou qrhsimopoieÐ sun�rthsh eÐnai
akribèsterh.
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ParadeÐgmata

Ena �llo shmantikì jèma pou ja prèpei na èqoume upìyh mac gia
na apofasÐsoume an ja qrhsimopoi soume sÔmbolo kathgor matoc
  sun�rthshc gia na anaparast soume mia sunarthsiak  sqèsh,
eÐnai ti skopeÔoume na k�noume ton tÔpo pou ja gr�youme.

Par�deigma: An qrhsimopoi soume ton parap�nw tÔpo se k�poia
mèjodo sumperasmoÔ pou ja parousi�soume sth sunèqeia (p.q.,
an�lush), tìte h deÔterh anapar�stash (me kathgìrhma) eÐnai
kalÔterh mia kai h qr sh isìthtac stic mejìdouc sumperasmoÔ pou
ja parousi�soume apaiteÐ eidikèc teqnikèc (deÐte tic shmei¸seic gia
an�lush kai isìthta).
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ParadeÐgmata

• H Ell�da sunoreÔei me thn BoulgarÐa.

HasCommonBorderWith(Greece, Bulgaria)

Ed¸ èqoume dÔo ousiastik� (Ell�da, BoulgarÐa) kai èna r ma
(sunoreÔei) pou perigr�fei mia sqèsh metaxÔ touc.

• H Kr th brÐsketai bìreia apì thn Afrik .

IsNorthOf(Crete, Africa)

Ed¸ èqoume dÔo ousiastik� (Kr th, Afrik ) kai èna r ma
(brÐsketai) pou mazÐ me èna topikì epÐrrhma (bìreia) ekfr�zei
th sqèsh an�mesa sta dÔo ousiastik�.
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Qr simec Parathr seic

• EpÐjeta: Ta epÐjeta eÐnai klitèc lèxeic pou apodÐdoun idiìthta
  qarakthristikì sto ousiastikì pou anafèrontai, to
prosdiorÐzoun dhlad  akribèstera kai exeidikeÔoun th shmasÐa
tou.

ParadeÐgmata: O Azìr eÐnai èxupno skulÐ.

Sth logik  pr¸thc t�xhc, èna epÐjeto mporeÐ na parastajeÐ apì
èna monadiaÐo kathgìrhma me ìrisma ton ìro pou parist�nei
to ousiastikì sto opoÐo anafèretai to epÐjeto.
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ParadeÐgmata

• O Gi�nnhc eÐnai yhlìc.

Tall(John)

Ed¸ èqoume èna epÐjeto (yhlìc) pou sundèetai me to ousiastikì
(Gi�nnhc) me sundetikì r ma (eÐnai).

• H mÔth tou Pinìkio eÐnai meg�lh.

Big(NoseOf(Pinocchio))

Ed¸ èqoume èna epÐjeto (meg�lh) pou prosdiorÐzei èna
antikeÐmeno (h mÔth tou Pinìkio) pou mporeÐ na perigrafeÐ apì
èna ìro.
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Qr simec Parathr seic

• EÐnai kalì na dialègoume perigrafik� sÔmbola stajer¸n,
sunart sewn kai kathgorhm�twn kai na akoloujoÔme me
sunèpeia tic sumb�seic mac (p.q., th qr sh tou sundetikoÔ �Of�
sta sÔmbola sunart sewn).
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Qr simec Parathr seic

• H summetoq  enìc antikeimènou s' èna sÔnolo (  kl�sh  
kathgorÐa) antikeimènwn parist�netai me èna monadiaÐo
kathgìrhma pou parist�nei to sÔnolo (  thn kl�sh   thn
kathgorÐa) kai ìrisma to antikeÐmeno.

• O sumplektikìc sÔndesmoc �kai� mac parapèmpei sth qr sh
sÔzeuxhc.

• O diazeuktikìc sÔndesmoc � � mac parapèmpei sth qr sh
di�zeuxhc.

• Lèxeic pou dhl¸noun �rnhsh (�den�, �mh�, klp.) mac parapèmpoun
sth qr sh �rnhshc.
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ParadeÐgmata

• O Azìr eÐnai èxupno skulÐ.

Dog(Azor) ∧ Clever(Azor)

Ed¸ èqoume summetoq  tou Azìr se mia kathgorÐa (skuli�) kai èna
epÐjeto (èxupnoc) pou prosdiorÐzei ton Azor.
Prosoq : EÐnai suntaktikì l�joc na gr�youme
Azor = Clever(Dog)!!! (epeid  to Clever eÐnai kathgìrhma).

• H Ell�da kai h BoulgarÐa eÐnai q¸rec.

Country(Greece) ∧ Country(Bulgaria)

Ed¸ èqoume ta antikeÐmena Ell�da kai BoulgarÐa pou eÐnai stoiqeÐa
enìc sunìlou (q¸rec).
Prosoq : Den epitrèpetai apì to suntaktikì na gr�youme
Country(Greece ∧Bulgaria) !!!
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ParadeÐgmata

• H Ell�da kai h BoulgarÐa eÐnai q¸rec. Kami� touc den
sunoreÔei me thn ItalÐa.

Country(Greece) ∧ Country(Bulgaria)∧

¬HasCommonBorderWith(Greece, Italy)∧
¬HasCommonBorderWith(Bulgaria, Italy)
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Qr simec Parathr seic

• Prot�seic thc morf c �An ... tìte� mac parapèmpoun se qr sh
sunepagwg c.

• Prot�seic thc morf c �An kai mìno an�   �Tìte kai mìno tìte�  
ekfr�seic pou orÐzoun k�ti mac parapèmpoun se qr sh dipl c
sunepagwg c.
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ParadeÐgmata

• An o Gi�nnhc agap�ei thn patrÐda tou, tìte agap�ei th shmaÐa
thc.

Loves(John, CountryOf(John)) ⇒

Loves(John, F lagOf(CountryOf(John)))

• 'Ena dÐpodo eÐnai èna z¸o me dÔo pìdia.

(∀x)(Biped(x) ⇔ Animal(x) ∧NumberOfFeet(x, 2))

'Askhsh: Na xanagr�yete thn parap�nw prìtash ¸ste na
apofÔgoume thn qr sh tou arijmoÔ 2.
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Qr simec Parathr seic

• Prot�seic me tic lèxeic �gia k�je�   �up�rqei� mac parapèmpoun
se qr sh twn posodeikt¸n ∀   ∃ antÐstoiqa.

• Oi metablhtèc enìc tÔpou anafèrontai se antikeÐmena tou
kìsmou (kai ìqi se sqèseic   sunart seic tou kìsmou).

• Oi posodeÐktec mac epitrèpoun na mil�me gia ìla ta
antikeimèna   gia k�poia antikeÐmena (pijan¸c �peira to
pl joc) pou ikanopoioÔn k�poia apl    polÔplokh sqèsh.
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Qr simec Parathr seic

• O kajolikìc posodeÐkthc eÐnai ìpwc mia sÔzeuxh me pijan¸c
�peirouc ìrouc.

• O uparxiakìc posodeÐkthc eÐnai ìpwc mia di�zeuxh me
pijan¸c �peirouc ìrouc.

• H di�zeuxh kai o uparxiakìc posodeÐkthc eÐnai qr simoi
ìtan èqoume atel  gn¸sh gia èna gegonìc   mia sqèsh an�mesa
se antikeÐmena.
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ParadeÐgmata

• K�je akèraioc eÐnai �rtioc   perittìc.

(∀x)(Integer(x) ⇒ Even(x) ∨Odd(x))

• MetaxÔ dÔo rht¸n arijm¸n up�rqei p�nta ènac �lloc rhtìc arijmìc.

(∀x)(∀y)(Rational(x) ∧Rational(y) ⇒
(∃z)(Rational(z) ∧ x < z ∧ z < y))

• K�poioc èkleye to portofìli mou.

(∃x)Stole(x,MyWallet)

• To portofìli mou to èkleye o Gi�nnhc   h MarÐa.

Stole(John, MyWallet) ∨ Stole(Mary, MyWallet)
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PosodeÐktec

• H seir� twn posodeikt¸n tou Ðdiou tÔpou den eÐnai
shmantik .
Par�deigma: Oi parak�tw prìtaseic eÐnai isodÔnamec:

(∀x)((∀y)Loves(x, y))

(∀y)((∀x)Loves(x, y))

(∀x)(∀y)Loves(x, y)

(∀y)(∀x)Loves(x, y)

Sun jwc omadopoioÔme touc posodeÐktec Ðdiou tÔpou kai
gr�foume:

(∀x, y)Loves(x, y)

 
(∀y, x)Loves(x, y)
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PosodeÐktec

• H seir� twn posodeikt¸n diaforetikoÔ tÔpou eÐnai
shmantik .

Par�deigma: H prìtash

(∀x)(∃y)Loves(x, y)

den eÐnai isodÔnamh me thn

(∃x)(∀y)Loves(x, y)
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PosodeÐktec

• H metablht  z enìc posodeÐkth (∀z)   (∃z) mporeÐ na
metonomasteÐ qwrÐc prìblhma se mia �llh metablht  v an h v

den eÐnai eleÔjerh sthn embèleia tou posodeÐkth.

ParadeÐgmata:

– H prìtash (∀x)P (x) eÐnai isodÔnamh me thn (∀y)P (y).

– H prìtash (∀x)R(x, y) den eÐnai isodÔnamh me thn
(∀y)R(y, y)
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PosodeÐktec

• Gia na mhn k�nete eÔkola l�joc, na qrhsimopoieÐte p�nta
posodeÐktec me diaforetikèc metablhtèc.

Par�deigma: Gr�yte

(∀x)(x = John ∨ (∀z)Happy(z))

antÐ gia
(∀x)(x = John ∨ (∀x)Happy(x))
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PosodeÐktec

• O posodeÐkthc ∀ sundu�zetai me ton logikì sÔndesmo ⇒ en¸ o
∃ me ton ∧.
Par�deigma: K�je basili�c eÐnai �njrwpoc (enallaktik�:
K�je basili�c eÐnai kai �njrwpoc   K�je basili�c eÐnai epÐshc
�njrwpoc).

(∀x)(King(x) ⇒ Human(x))

Prosoq : EÐnai l�joc na parast soume thn parap�nw
prìtash me (∀x)(King(x) ∧Human(x)). Mhn af sete tic
lèxeic �kai�   �epÐshc � na sac mperdèyoun!
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Telik  OdhgÐa

Oi parap�nw odhgÐec den eÐnai kanìnec pou prèpei na efarmìzontai
me austhrìthta. EÐnai apl� qr simec sumboulèc!

O kalÔteroc trìpoc gia na gr�yete k�ti pou èqei perigrafeÐ sta
Ellhnik� sth logik  pr¸thc t�xhc eÐnai na to katano sete pl rwc,
kai afoÔ èqete melet sei se b�joc th logik  pr¸thc t�xhc, na
prospaj sete na to apod¸sete!
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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 majhmatikì biblÐo 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.


