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Sumperasmìc sth Logik  Pr¸thc T�xhc

Se opoiad pote logik , o sumperasmìc (inference)   h
sullogistik  (reasoning) eÐnai h diadikasÐa thc mhqanik c
exagwg c sumperasm�twn apì dosmènec upojèseic.

Oi upojèseic mporeÐ na eÐnai h b�sh gn¸sewn pou èqoume
dhmiourg sei gia mia efarmog  kai to sumpèrasma ènac tÔpoc pou
jèloume na elègxoume an èpetai logik� apì th gn¸sh pou èqoume.

O sumperasmìc eÐnai sun jwc mia diadikasÐa me èna   perissìtera
b mata. K�je b ma aut c thc diadikasÐac perilamb�nei thn
efarmog  enìc kanìna sumperasmoÔ (inference rule).
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Kanìnec SumperasmoÔ

'Enac kanìnac sumperasmoÔ (inference rule) eÐnai mia èkfrash
thc morf c

α1, α2, . . . , αn

β

ìpou α1, α2, . . . , αn eÐnai tÔpoi thc logik c pr¸thc t�xhc oi opoÐoi
onom�zontai upojèseic kai β eÐnai ènac tÔpoc pou onom�zetai
sumpèrasma.

'Enac kanìnac sumperasmoÔ efarmìzetai wc ex c: opoted pote
èqoume èna sÔnolo tÔpwn pou tairi�zoun me tic upojèseic tou
kanìna, mporoÔme na ex�goume to sumpèrasma.

Epeid  o sumperasmìc eÐnai mia mhqanik  diadikasÐa, mporeÐ na
kwdikopoihjeÐ apì èna algìrijmo kai na qrhsimopoihjeÐ gia thn
ulopoÐhsh eufu¸n praktìrwn.
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H 'Ennoia thc Paragwg c   Apìdeixhc

'Estw mia mèjodoc sumperasmoÔ thc logik c pr¸thc t�xhc kai KB

èna sÔnolo upojèsewn.

Ja lème ìti èna sumpèrasma φ par�getai apì to sÔnolo twn
upojèsewn KB ann

• φ eÐnai èna stoiqeÐo tou sunìlou KB

• φ eÐnai to apotèlesma thc efarmog c enìc kanìna sumperasmoÔ
se èna sÔnolo prot�sewn pou par�gontai apì to sÔnolo KB.
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H 'Ennoia thc Paragwg c   Apìdeixhc

Mia paragwg  (derivation)   apìdeixh (proof) enìc
sumper�smatoc φ apì èna sÔnolo upojèsewn KB eÐnai mia
akoloujÐa tÔpwn sthn opoÐa k�je tÔpoc eÐnai stoiqeÐo thc KB  
prokÔptei apì thn efarmog  enìc kanìna sumperasmoÔ se
prohgoÔmena stoiqeÐa thc akoloujÐac.

Sumbolismìc: 'Otan up�rqei mia apìdeixh tou tÔpou φ apì thn
KB, tìte gr�foume KB ` φ.
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'Orjèc kai Pl reic Mèjodoi SumperasmoÔ

Jèloume na broÔme mia mèjodo sumperasmoÔ gia th logik  pr¸thc
t�xhc pou na eÐnai orj  kai pl rhc, dhlad  na isqÔei

KB |= α ann KB ` α

gia k�je sÔnolo tÔpwn KB kai k�je tÔpo α.
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Kanìnec SumperasmoÔ

Oi parak�tw kanìnec sumperasmoÔ thc protasiak c logik c
isqÔoun kai gia thn logik  pr¸thc t�xhc :

• Trìpoc tou jètein (modus ponens): α, α⇒β
β

• Apaloif  sÔzeuxhc: α1∧α2∧...∧αn

αi

• Eisagwg  sÔzeuxhc: α1,α2,...,αn

α1∧α2∧...∧αn

• Eisagwg  di�zeuxhc: αi

α1∨α2∨...∨αn

• Apaloif  dipl c �rnhshc: ¬¬α
α

• MonadiaÐa an�lush : α∨β, ¬β
α

• An�lush: α∨β, ¬β∨γ
α∨γ
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Kanìnec SumperasmoÔ (sunèqeia)

Up�rqoun epÐshc kanìnec sumperasmoÔ pou eÐnai eidik� gia thn
logik  pr¸thc t�xhc.

Gia na touc parousi�soume, ja qreiasteÐ pr¸ta na orÐsoume merikèc
nèec ènnoiec.
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H 'Ennoia thc Antikat�stashc

Orismìc. Mia antikat�stash (substitution) θ eÐnai èna
peperasmèno sÔnolo thc morf c {v1/t1, . . . , vn/tn} ìpou

• k�je vi eÐnai mia metablht  kai k�je ti eÐnai ènac ìroc
diaforetikìc apì thn vi,

• oi metablhtèc v1, . . . , vn eÐnai diaforetikèc metaxÔ touc, kai

• kami� metablht  vi den up�rqei se k�poio apì touc ìrouc ti.

K�je stoiqeÐo ti lègetai dèsmeush (binding) gia thn vi. Oi
metablhtèc pou èqoun desmeÔseic lègontai desmeumènec (bound).

H ken  antikat�stash (empty substitution) ja sumbolÐzetai
me {}.
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H 'Ennoia thc Basik c Antikat�stashc

Orismìc. Mia antikat�stash lègetai basik  (ground) an oi
ìroi ti den perièqoun metablhtèc (dhlad , eÐnai basikoÐ ìroi -
ground terms).
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ParadeÐgmata

Ta sÔnola

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

eÐnai antikatast�seic. H pr¸th eÐnai basik .

Ta sÔnola
{x/F (x)} kai {x/G(y), y/F (x)}

den eÐnai antikatast�seic.
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Efarmog  miac Antikat�stashc s' èna TÔpo

'Orismìc. 'Estw θ = {v1/t1, . . . , vn/tn} mia antikat�stash kai α

mia èkfrash (ìroc   tÔpoc) thc logik c pr¸thc t�xhc qwrÐc
posodeÐktec. Ja sumbolÐzoume me

SUBST (θ, α)

thn èkfrash pou prokÔptei apì thn α ìtan efarmìsoume thn
antikat�stash θ, dhlad  ìtan antikatast soume k�je metablht  vi

me ton ìro ti (i = 1, . . . , n).
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ParadeÐgmata

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

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

Likes(John, HouseOf(z))

Parat rhsh: SUBST ({}, α) = α gia k�je èkfrash thc logik c
pr¸thc t�xhc α.
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DÔo Nèoi Kanìnec SumperasmoÔ

Ja d¸soume dÔo nèouc kanìnec sumperasmoÔ gia th logik  pr¸thc
t�xhc pou aforoÔn touc posodeÐktec:

• Kajolikìc Prosdiorismìc (universal instantiation): Gia
k�je tÔpo α, metablht  v kai basikì ìro t:

(∀v)α
SUBST ({v/t}, α)
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ParadeÐgmata

• Apì ton tÔpo (∀x)Likes(x, IceCream) mporoÔme na
sumper�noume Likes(Ben, IceCream) qrhsimopoi¸ntac thn
antikat�stash {x/Ben}.

• Apì ton tÔpo (∀x)(∃z)Hates(x, z) mporoÔme na sumper�noume
(∃z)Hates(MotherOf(Ben), z) qrhsimopoi¸ntac thn
antikat�stash {x/MotherOf(Ben)}.

Prosoq : O kanìnac tou kajolikoÔ prosdiorismoÔ isqÔei kai gia
mh basikoÔc ìrouc t, ìmwc prèpei na eÐmaste prosektikoÐ me tic
metablhtèc pou emfanÐzontai sta α kai t. DeÐte to biblÐo logik c
tou Enderton gia ton akrib  orismì tou kanìna s' aut  thn
perÐptwsh.
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DÔo Nèoi Kanìnec SumperasmoÔ

• Uparxiakìc Prosdiorismìc (existential instantiation):
Gia k�je tÔpo α kai metablht  v:

(∃v)α
SUBST ({v/K}, α)

ìpou K eÐnai èna nèo sÔmbolo stajer�c.

Par�deigma: Apì (∃x)Likes(x, IceCream), mporoÔme na
sumper�noume Likes(Somebody, IceCream) efìson to
Somebody eÐnai èna nèo sÔmbolo stajer�c pou den èqei
qrhsimopoihjeÐ enwrÐtera.
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Par�deigma Apìdeixhc

Ac jewr soume to parak�tw keÐmeno:

O nìmoc lèei ìti eÐnai ègklhma gia ènan Amerikanì na
poul�ei ìpla se eqjrik� kr�th. To kr�toc Nono, pou eÐnai
eqjrìc thc Amerik c, èqei puraÔlouc. 'Olouc autoÔc touc
puraÔlouc touc èqei poul sei sto Nono o suntagmat�rqhc
West, o opoÐoc eÐnai Amerikanìc.

Pwc mporoÔme na �metafr�soume� autì to keÐmeno se logik  pr¸thc
t�xhc, kai na qrhsimopoi soume touc kanìnec sumperasmoÔ pou
d¸same parap�nw, gia na apodeÐxoume ìti o West eÐnai egklhmatÐac?
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DiatÔpwsh se Logik  Pr¸thc T�xhc

• ... eÐnai ègklhma gia ènan Amerikanì na poul�ei ìpla se
eqjrik� kr�th.

(∀x, y, z) (American(x) ∧Weapon(y) ∧Nation(z)∧
Hostile(z) ∧ Sells(x, z, y) ⇒ Criminal(x))

• To kr�toc Nono ...
Nation(Nono)

• ... pou eÐnai eqjrìc thc Amerik c ...

Enemy(Nono,America)

• ... èqei puraÔlouc.

(∃x) (Owns(Nono, x) ∧Missile(x))
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DiatÔpwsh se Logik  Pr¸thc T�xhc

• 'Olouc autoÔc touc puraÔlouc touc èqei poul sei sto Nono o
suntagmat�rqhc West.

(∀x) (Owns(Nono, x) ∧Missile(x) ⇒ Sells(West,Nono, x))

Parat rhsh: Den katragr�yame ton stratiwtikì bajmì tou West
epeid  den ja mac qreiasteÐ gia na bg�loume to sumpèrasma mac.

• ... o opoÐoc eÐnai Amerikanìc.

American(West)
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DiatÔpwsh se Logik  Pr¸thc T�xhc

Ja qreiastoÔme epÐshc tic parak�tw prot�seic pou den up�rqoun
sto keÐmeno pou mac dìjhke. Oi prot�seic autèc kwdikopoioÔn
gn¸sh pou èqoume  dh sqetik� me to pedÐo efarmog c kai mporoÔme
na thn qrhsimopoi soume.

• H Amerik  eÐnai kr�toc.

Nation(America)

• Oi pÔrauloi eÐnai ìpla.

(∀x) (Missile(x) ⇒ Weapon(x))
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DiatÔpwsh se Logik  Pr¸thc T�xhc

• Sto parap�nw keÐmeno �eqjrìc thc Amerik c � shmaÐnei �eqjrikì
kr�toc �.

(∀x) (Enemy(x,America) ⇒ Hostile(x))

Parat rhsh: Ja mporoÔsame na èqoume dipl  sunepagwg . H
apl  sunepagwg  eÐnai arket  gia na bg�loume to sumpèrasma
mac.
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Apìdeixh

• Apì ton tÔpo (∃x) (Owns(Nono, x) ∧Missile(x)) kai ton
kanìna tou uparxiakoÔ prosdiorismoÔ èqoume:

Owns(Nono,M1) ∧Missile(M1)

• Apì ton tÔpo Owns(Nono,M1) ∧Missile(M1) kai ton kanìna
apaloif c thc sÔzeuxhc èqoume:

Owns(Nono,M1), Missile(M1)

• Apì ton tÔpo (∀x) (Missile(x) ⇒ Weapon(x)) kai ton kanìna
tou kajolikoÔ prosdiorismoÔ èqoume:

Missile(M1) ⇒ Weapon(M1)
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Apìdeixh

• Apì toÔc tÔpouc Missile(M1), Missile(M1) ⇒ Weapon(M1)
kai ton kanìna Modus Ponens èqoume:

Weapon(M1)

• Apì ton tÔpo

(∀x) (Owns(Nono, x) ∧Missile(x) ⇒ Sells(West,Nono, x))

kai ton kanìna tou kajolikoÔ prosdiorismoÔ èqoume:

Owns(Nono,M1) ∧Missile(M1) ⇒ Sells(West, Nono,M1)
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Apìdeixh

• Apì toÔc tÔpouc Owns(Nono, M1) ∧Missile(M1),

Owns(Nono,M1) ∧Missile(M1) ⇒ Sells(West, Nono,M1)

kai ton kanìna Modus Ponens èqoume:

Sells(West, Nono, M1)

• Apì ton tÔpo
(∀x, y, z) (American(x) ∧Weapon(y) ∧Nation(z)∧
Hostile(z) ∧ Sells(x, z, y) ⇒ Criminal(x)) kai ton kanìna tou
kajolikoÔ prosdiorismoÔ (3 forèc!) èqoume:

American(West) ∧Weapon(M1) ∧Nation(Nono)∧

Hostile(Nono) ∧ Sells(West, Nono, M1) ⇒ Criminal(West)
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Apìdeixh

• Apì ton tÔpo (∀x) (Enemy(x, America) ⇒ Hostile(x)) kai ton
kanìna tou kajolikoÔ prosdiorismoÔ èqoume:

Enemy(Nono,America) ⇒ Hostile(Nono)

• Apì touc tÔpouc Enemy(Nono, America),

Enemy(Nono,America) ⇒ Hostile(Nono)

kai ton kanìna Modus Ponens èqoume:

Hostile(Nono)
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Apìdeixh

• Apì touc tÔpouc

American(West), Weapon(M1), Nation(Nono),

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

kai ton kanìna eisagwg c sÔzeuxhc èqoume:

American(West) ∧Weapon(M1) ∧Nation(Nono)∧

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

• Apì touc tÔpouc

American(West) ∧Weapon(M1) ∧Nation(Nono)∧

Hostile(Nono) ∧ Sells(West,Nono, M1),

American(West) ∧Weapon(M1) ∧Nation(Nono)∧
Hostile(Nono) ∧ Sells(West, Nono, M1) ⇒ Criminal(West)

kai ton kanìna Modus Ponens èqoume to sumpèrasma mac:

Criminal(West)
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H EÔresh Apìdeixhc wc Prìblhma Anaz thshc

H eÔresh apìdeixhc mporeÐ na diatupwjeÐ san prìblhma anaz thshc:

• Arqik  kat�stash: h dosmènh b�sh gn¸shc KB.

• Enèrgeiec: oi efarmìsimoi kanìnec sumperasmoÔ

• 'Elegqoc stìqou: H b�sh gn¸shc KB perièqei thn prìtash
pou prospajoÔme na apodeÐxoume.

'Etsi k�je algìrijmoc anaz thshc pou gnwrÐzoume ja mporoÔse na
qrhsimopoihjeÐ gia na brejeÐ mia apìdeixh. Dustuq¸c ìmwc to pedÐo
anaz thshc eÐnai �peiro!
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Anagwg  se Protasiak  Logik 

Parat rhsh: Sto prohgoÔmeno par�deigma eÐdame ìti h qr sh tou
kajolikoÔ prosdiorismoÔ kai tou uparxiakoÔ prosdiorismoÔ, mac odhgoÔse se
tÔpouc qwrÐc metablhtèc pou eÐnai ousiastik� isodÔnamoi me tÔpouc
thc protasiak c logik c.

Er¸thsh: M pwc ja mporoÔsame na metatrèyoume opoiod pote sÔnolo
tÔpwn thc logik c pr¸thc t�xhc KB se èna sÔnolo tÔpwn thc protasiak c
logik c KBp efarmìzontac uparxiakì prosdiorismì ìpou autìc eÐnai
aparaÐthtoc kai kajolikì prosdiorismì gia ìlec tic dunatèc peript¸seic ìrwn?
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Anagwg  se Protasiak  Logik 

An h KB den perièqei sÔmbola sunart sewn, tìte h KBp eÐnai
peperasmènh kai mporoÔme na efarmìsoume orjoÔc kai
pl reic kanìnec sumperasmoÔ thc protasiak c logik c ( 
pÐnakec alhjeÐac) gia na apofasÐsoume sqetik� me
ikanopoihsimìthta, logik  k�luyh, logik  isodunamÐa  
egkurìthta.

Sthn pr�xh ja qrhsimopoioÔsame k�poio apodotikì algìrijmo gia
to prìblhma thc ikanopoihsimìthtac.
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Anagwg  se Protasiak  Logik 

An ìmwc up�rqoun sÔmbola sunart sewn sthn KB, tìte h KBp

mporeÐ na eÐnai �peirh: mporoÔme na efarmìsoume kajolikì
prosdiorismì gia ìlouc touc (�peirouc) ìrouc pou mporoÔn na
dhmiourghjoÔn me ta sÔmbola stajer¸n kai metablht¸n thc KB.

S' aut  thn perÐptwsh oi kanìnec sumperasmoÔ thc protasiak c
logik c den mporoÔn na bohj soun. Eutuq¸c gia mac, up�rqei to
je¸rhma tou Herbrand to opoÐo mporoÔme na qrhsimopoi soume
s' aut  thn perÐptwsh.
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Je¸rhma tou Herbrand

To je¸rhma tou Herbrand mac lèei to ex c (qwrÐc na dÐnoume ìlec
tic leptomèreiec):

An KB |= φ tìte up�rqei èna peperasmèno uposÔnolo S

thc KBp ¸ste S |= φ.

Er¸thsh: Kai ti gÐnetai an KB 6|= φ? MporoÔme na to xèroume?



Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

Hmiapofasimìthta thc Logik c K�luyhc

H ap�nthsh dustuq¸c eÐnai ìqi. To prìblhma thc logik c k�luyhc
gia thn logik  pr¸thc t�xhc eÐnai hmiapofasÐsimo
(semi-decidable) ìpwc apèdeixan oi Alan Turing kai Alonzo
Church (to Ðdio isqÔei kai gia to prìblhma thc ikanopoihsimìthtac,
thc logik c isodunamÐac kai thc egkurìthtac).

Dhlad , gia k�je algìrijmo gia to prìblhma thc logik c k�luyhc
(p.q., an�lush) isqÔei to ex c: Kaj¸c o algìrijmoc trèqei, den
mporoÔme na gnwrÐzoume ìti èqei pèsei se atèrmona brìgqo   ìti h
apìdeixh ja emfanisteÐ thn epìmenh qronik  stigm .
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Apìdeixh

Up�rqoun di�forec apodeÐxeic sth bibliografÐa sqetik� me thn
hmiapofasisimìthta tou probl matoc thc logik c k�luyhc gia th
logik  pr¸thc t�xhc.

Autì pou axÐzei na parathr soume eÐnai ìti qreiazìmaste el�qisth
apì thn ekfrastik  ikanìthta thc logik c pr¸thc t�xhc gia na
ft�soume se hmiapofasisimìthta p.q., mìno èna dimelèc
kathgìrhma kai kajìlou sÔmbola sunart sewn.

To apotèlesma autì eÐnai apì èna �rjro twn Kalmar and Suranyi
sto Journal of Symbolic Logic, Vol. 15, 1950, pp. 161-173.
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Apodotikèc Mèjodoi SumperasmoÔ

Ja proqwr soume t¸ra thn parousÐash mac kai ja parousi�soume
mejìdouc sumperasmoÔ pou mac epitrèpoun na k�noume apodeÐxeic me
apodotikìtero trìpo ap' ìti k�name mèqri t¸ra.

Prin proqwr soume ja qreiastoÔme merikèc nèec ènnoiec.
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SÔnjesh Antikatast�sewn

Orismìc. 'Estw oi antikatast�seic θ1 = {u1/s1, . . . , um/sm} kai
θ2 = {v1/t1, . . . , vn/tn} pou eÐnai tètoiec ¸ste kami� metablht  pou
eÐnai desmeumènh sth θ1 na mhn emfanÐzetai sthn θ2. H sÔnjesh
(composition) thc θ1 me thn θ2 sumbolÐzetai me
COMPOSE(θ1, θ2) kai eÐnai h antikat�stash

{u1/SUBST (θ2, s1), . . . , um/SUBST (θ2, sm), v1/t1, . . . , vn/tn}.

Diaisjhtik�: Gia na upologÐsoume th sÔnjesh
COMPOSE(θ1, θ2), efarmìzoume th θ2 stouc ìrouc thc θ1 kai
met� prosjètoume ta zeÔgh thc θ2.

Sumbolismìc: 'Alloi suggrafeÐc sumbolÐzoun th sÔnjesh thc θ1

me thn θ2 wc ex c: θ1θ2
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ParadeÐgmata SÔnjeshc

• 'Estw θ1 = {x/y, z/G(w)} kai θ2 = {y/A,w/D}. Tìte

COMPOSE(θ1, θ2) = {x/A, z/G(D), y/A,w/D}.

• 'Estw θ1 = {x/y, z/G(w, y)} kai θ2 = {y/v, w/D}. Tìte

COMPOSE(θ1, θ2) = {x/v, z/G(D, v), y/v, w/D}.

• 'Estw θ1 = {x/y, z/G(w)} kai θ2 = {y/x}. H sÔnjesh den
orÐzetai se aut  thn perÐptwsh epeid  to x eÐnai desmeumènh
metablht  sthn θ1 kai up�rqei sthn θ2.

• 'Estw θ1 = {x/F (y), z/y, w/D} kai θ2 = {y/A, v/E}. Tìte

COMPOSE(θ1, θ2) = {x/F (A), z/A,w/D, y/A, v/E}.
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Idiìthtec thc SÔnjeshc

Je¸rhma. 'Estw oi antikatast�seic θ1, θ2 kai θ3 kai h èkfrash
thc logik c pr¸thc t�xhc φ. Tìte

1. COMPOSE(θ1, {}) = COMPOSE({}, θ1) = θ1

2. SUBST (θ2, SUBST (θ1, φ)) = SUBST (COMPOSE(θ1, θ2), φ)
opoted pote orÐzetai h sÔnjesh.

3. COMPOSE(COMPOSE(θ1, θ2), θ3) =
COMPOSE(θ1, COMPOSE(θ2, θ3))
opoted pote orÐzetai h sÔnjesh.
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H 'Ennoia thc EnopoÐhshc (Unification)

Orismìc. 'Ena sÔnolo ekfr�sewn {φ1, . . . , φn} eÐnai
enopoi simo (unifiable) an kai mìno an up�rqei mia
antikat�stash θ pou ìtan efarmosteÐ stic ekfr�seic φ1, . . . , φn tic
k�nei Ðdiec suntaktik�, dhlad 

SUBST (θ, φ1) = · · · = SUBST (θ, φn).

Se aut  thn perÐptwsh, h θ lègetai enopoiht c (unifier) twn
ekfr�sewn.
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ParadeÐgmata EnopoÐhshc

• To sÔnolo ekfr�sewn {P (A, y, z), P (x,B, z)} eÐnai
enopoi simo. H antikat�stash {x/A, y/B, z/C} eÐnai ènac
enopoiht c. Up�rqoun �lloi enopoihtèc ìpwc
{x/A, y/B, z/F (w)}, {x/A, y/B} ktl.

• To sÔnolo ekfr�sewn {P (F (x), A), P (y, F (w))} den eÐnai
enopoi simo.
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Pio GenikoÐ Enopoihtèc (Most General Unifiers)

Orismìc. 'Enac pio genikìc enopoiht c (most general
unifier   mgu) enìc sunìlou ekfr�sewn S eÐnai ènac enopoiht c γ

me thn akìloujh idiìthta. Gia k�je enopoiht  σ tou S, up�rqei mia
antikat�stash θ tètoia ¸ste σ = COMPOSE(γ, θ).

ParadeÐgmata:

• 'Enac mgu tou sunìlou {P (A, y, z), P (x,B, z)} eÐnai o
{x/A, y/B}.
'Alloi enopoihtèc prokÔptoun apì ton mgu. Gia par�deigma:
{x/A, y/B, z/F (w)} = COMPOSE({x/A, y/B}, {z/F (w)}).

• 'Enac mgu tou sunìlou {P (F (x), z), P (y, A)} eÐnai
{y/F (x), z/A}.

Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

Pio GenikoÐ Enopoihtèc

Par�deigma: 'Enac mgu twn ekfr�sewn P (x) kai P (y) eÐnai o
{x/y}. 'Enac �lloc mgu eÐnai o {y/x}.

'Enac pio genikìc enopoiht c eÐnai monadikìc an den l�boume upìyh
mac tic pijanèc metonomasÐec metablht¸n. Gi autì sun jwc mil�me
gia ton ton pio genikì enopoiht  enìc sunìlou ekfr�sewn.

T¸ra ja parousi�soume ton algìrijmo enopoÐhshc Unify o opoÐoc
brÐskei ton pio genikì enopoiht  dÔo ekfr�sewn thc logik c pr¸thc
t�xhc.
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'Enac Algìrijmoc EnopoÐhshc

function Unify(x, y) returns the mgu of x and y

if x = y then return {}
if Variable(x) then return Unify-Var(x, y)

if Variable(y) then return Unify-Var(y, x)

if Constant(x) or Constant(y) then return failure

if not(Length(x)=Length(y)) then return failure

i ← 0; γ ← {}
tag if i =Length(x)+1 then return γ

σ ← Unify(Part(x, i),Part(y, i))

if σ = failure then return failure

γ ← COMPOSE(γ, σ)

x ← SUBST (γ, x)

y ← SUBST (γ, y)

i ← i + 1

goto tag
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'Enac Algìrijmoc EnopoÐhshc

function Unify-Var(x, y) returns a substitution

if x occurs in y then return failure

return { x/y }
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Sqìlia gia ton Unify

• O algìrijmoc Unify parousi�sthke pr¸th for� apì ton Robinson
to 1965.

• MporeÐte na qrhsimopoieÐte autì ton algìrijmo gia na upologÐzete
ton mgu ìtan oi dosmènec ekfr�seic eÐnai polÔplokec.

• Oi eÐsodoi tou algorÐjmou Unify mporeÐ na eÐnai stajerèc,
metablhtèc, ìroi   atomikèc prot�seic.

• To m koc (length) enìc ìrou   miac atomik c prìtashc eÐnai o
arijmìc twn orism�twn thc.

Teqnht  NohmosÔnh M. Koumpar�khc'

&

$

%

Sqìlia gia ton Unify

• To i-ostì mèroc enìc ìrou   miac atomik c prìtashc x upologÐzetai
apì thn sun�rthsh Part(x, i).

• Gia èna ìro F (t1, . . . , tn), to mhdenikì mèroc tou ìrou eÐnai to
sÔmbolo sun�rthshc F kai ta orÐsmata t1, . . . , tn eÐnai ta upìloipa
mèrh (pr¸to, deÔtero, ... n-ostì).

• Gia èna atomikì tÔpo P (t1, . . . , tn), to mhdenikì mèroc tou tÔpou
eÐnai to sÔmbolo kathgor matoc P kai ta orÐsmata t1, . . . , tn eÐnai
ta upìloipa mèrh (pr¸to, deÔtero, ... n-ostì).

• H sunj kh thc entol c if sth sun�rthsh Unify-Var lègetai
èlegqoc Ôparxhc (occurs-check). Autìc o èlegqoc epibebai¸nei
ìti ìroi ìpwc o z kai o F (z) den enopoioÔntai.
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Poluplokìthta tou Unify

H poluplokìthta qeirÐsthc perÐptwshc tou algìrijmou Unify eÐnai
ekjetik  wc proc to m koc twn ekfr�sewn eisìdou.

Par�deigma: An enopoi soume touc parak�tw dÔo ìrouc

H(x1, x2, . . . , xn, F (y0, y0), . . . , F (yn−1, yn−1), yn)

H(F (x0, x0), F (x1, x1), . . . , F (xn−1, xn−1), y1, . . . , yn, xn)

k�je metablht  xi kai yi ja eÐnai desmeumènh se ènan ìro me
2i+1 − 1 sÔmbola.

To prìblhma ed¸ eÐnai ìti o pio genikìc enopoiht c twn parap�nw
ìrwn perièqei touc Ðdiouc upoìrouc pollèc forèc.
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Poluplokìthta tou Unify

Up�rqoun kalÔteroi algìrijmoi enopoÐhshc sth bibliografÐa
(poluwnumikoÔ qrìnou).

H basik  idèa se autoÔc touc algorÐjmouc eÐnai h qr sh
kat�llhlwn dom¸n dedomènwn (p.q., gr�fwn) gia thn anapar�stash
twn ekfr�sewn thc logik c pr¸thc t�xhc kai h efarmog  twn
antikatast�sewn me prosoq  ¸ste na apofeÔgontai probl mata
ìpwc aut� tou prohgoÔmenou paradeÐgmatoc.
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Genikeumènoc Trìpoc tou Jètein

O kanìnac sumperasmoÔ genikeumènoc trìpoc tou jètein
(Generalized Modus Ponens, GMP) eÐnai o ex c.

An oi tÔpoi p1, . . . , pn, p′1, . . . , p
′
n, q eÐnai atomikoÐ kai up�rqei mia

antikat�stash θ tètoia ¸ste gia k�je 1 ≤ i ≤ n,
SUBST (θ, p′i) = SUBST (θ, pi) tìte:

p′1, p′2, . . . , p′n, (p1 ∧ p2 ∧ · · · ∧ pn ⇒ q)
SUBST (θ, q)
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Par�deigma

Apì touc tÔpouc

Missile(M1), Owns(Nono,M1)

kai

Missile(x) ∧Owns(Nono, x) ⇒ Sells(West, Nono, x)

mporoÔme na sumper�noume me GMP

Sells(West, Nono,M1).

H antikat�stash θ se aut n thn perÐptwsh eÐnai {x/M1}.
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Genikeumènoc Trìpoc tou Jètein

Sqìlia:

• O genikeumènoc trìpoc tou jètein k�nei se èna b ma ì,ti ja
èkanan se dÔo b mata oi ex c kanìnec sumperasmoÔ: eisagwg 
sÔzeuxhc kai trìpoc tou jètein.

• O genikeumènoc trìpoc tou jètein eÐnai mia anuywmènh
(lifted) morf  tou trìpou tou jètein: anuy¸nei ton kanìna
autì apì thn protasiak  logik  sthn logik  pr¸thc t�xhc.

• O genikeumènoc trìpoc tou jètein efarmìzetai se fr�seic
Horn (Horn clauses).

Oi fr�seic Horn apoteloÔn èna polÔ endiafèron uposÔnolo thc
logik c pr¸thc t�xhc pou ja orÐsoume leptomer¸c parak�tw.
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Orjìthta tou GMP

'Enac kanìnac sumperasmoÔ lègetai orjìc (sound) an odhgeÐ
mìno se prot�seic pou kalÔptontai logik�. Dhlad , an KB ` α

tìte KB |= α.

Je¸rhma. O GMP eÐnai ènac orjìc kanìnac sumperasmoÔ gia
b�seic gn¸sewn pou apoteloÔntai apì fr�seic Horn.
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Lektik� (Literals)

Orismìc. 'Ena lektikì (literal) eÐnai ènac atomikìc tÔpoc   h
�rnhsh enìc atomikoÔ tÔpou. Sthn pr¸th perÐptwsh èqoume èna
jetikì lektikì kai sth deÔterh perÐptwsh èna arnhtikì lektikì.

ParadeÐgmata:

Drives(John, BMW ), ¬Drives(John, BMW ), Drives(x,BMW ),

Loves(Mary, FatherOf(Mary)), ¬P (x, F (G(x)))
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Fr�seic Horn (Horn Clauses)

Orismìc. Mia fr�sh (clause) eÐnai mia di�zeuxh lektik¸n. Mia
fr�sh Horn eÐnai mia di�zeuxh lektik¸n apì ta opoÐa to polÔ èna
eÐnai jetikì.

Dhlad , mia fr�sh Horn apant�tai stic ex c morfèc:

q

¬p1 ∨ ¬p2 ∨ . . . ∨ ¬pn ∨ q (  p1 ∧ p2 ∧ . . . ∧ pn ⇒ q)

¬p1 ∨ ¬p2 ∨ . . . ∨ ¬pn

ìpou p1, . . . , pn, q eÐnai atomikoÐ tÔpoi.

Sumbolismìc: Se mia fr�sh Horn, jewroÔme ìti oi (eleÔjerec)
metablhtèc twn tÔpwn p1, . . . , pn, q eis�gontai apì antÐstoiqouc
kajolikoÔc posodeÐktec pou emfanÐzontai sthn arq  tou tÔpou.
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'OrologÐa

H ellhnik  met�frash tou biblÐou AIMA pou qrhsimopoioÔme
qrhsimopoieÐ ton ìro prìtash Horn metafr�zontac thn Agglik 
lèxh clause me thn Ellhnik  lèxh �prìtash�.

ProtÐmhsa na qrhsimopoi sw ton ìro fr�sh Horn epeid 
qrhsimopoi¸ ton ìro prìtash gia na anafèromai stouc tÔpouc thc
logik c pr¸thc t�xhc pou den èqoun eleÔjerec metablhtèc.
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ParadeÐgmata

Oi tÔpoi
Drives(John,BMW )

Drives(x,BMW )

Person(x) ⇒ Animal(x)

Person(x) ∧Knows(John, x) ⇒ Loves(John, x)

¬Person(x) ∨ ¬Knows(John, x)

eÐnai fr�seic Horn.

O tÔpoc

Drives(John, BMW ) ∨Drives(John, Porsche)

den eÐnai fr�sh Horn.
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ParadeÐgmata

Oi prohgoÔmenec fr�seic Horn eÐnai isodÔnamec me touc akìloujouc
tÔpouc thc logik c pr¸thc t�xhc:

Drives(John,BMW )

(∀x)Drives(x,BMW )

(∀x)(Person(x) ⇒ Animal(x))

(∀x)(Person(x) ∧Knows(John, x) ⇒ Loves(John, x))

(∀x)(¬Person(x) ∨ ¬Knows(John, x))
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Gegonìta

Oi fr�seic Horn pou apoteloÔntai apì èna atomikì tÔpo lègontai
gegonìta (facts).

ParadeÐgmata:
Drives(John,BMW )

Drives(x,BMW )
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Kanìnec

Oi fr�seic Horn thc morf c

p1 ∧ p2 ∧ . . . ∧ pn ⇒ q

lègontai kanìnec (rules).

Ston parap�nw kanìna, o atomikìc tÔpoc q lègetai kefal 
(head) tou kanìna kai h sÔzeuxh p1 ∧ p2 ∧ . . . ∧ pn lègetai s¸ma
(body) tou kanìna.

H orologÐa aut  qrhsimopoieÐtai sth gl¸ssa logikoÔ
programmatismoÔ Prolog.
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ParadeÐgmata Kanìnwn

Person(x) ⇒ Animal(x)

Person(x) ∧Knows(John, x) ⇒ Loves(John, x)
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Erwt seic   PeriorismoÐ Akeraiìthtac

Oi fr�seic Horn thc morf c

¬p1 ∨ ¬p2 ∨ . . . ∨ ¬pn

prokÔptoun apì erwt seic (queries)   periorismoÔc
akeraiìthtac (integrity constraints) se sust mata logikoÔ
programmatismoÔ.

Par�deigma: ¬Person(x) ∨ ¬Knows(John, x)
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Oristikèc Fr�seic Horn

An mia fr�sh Horn èqei akrib¸c èna jetikì lektikì, tìte lègetai
oristik  (definite). Dhlad , ta gegonìta kai oi kanìnec eÐnai oi
oristikèc fr�seic Horn.

ParadeÐgmata:
Drives(John,BMW )

Drives(x,BMW )

Person(x) ⇒ Animal(x)

Person(x) ∧Knows(John, x) ⇒ Loves(John, x)
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Datalog

'An mia b�shc gn¸shc apoteleÐtai apì oristikèc fr�seic Horn kai
den perièqei sÔmbola sunart sewn tìte ja lègetai b�sh Datalog.

H Datalog orÐsthke arqik� san gl¸ssa eperwt sewn gia sqesiakèc
b�seic dedomènwn empneusmènh apì to logikì programmatismì.

Ac d¸soume t¸ra merik� paradeÐgmata sunhjismènwn b�sewn
gn¸sewn me fr�seic Horn.
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Par�deigma Datalog: Oikogeneiakèc Sqèseic

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)
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Par�deigma Datalog

Parent(x, y) ⇒ Offspring(y, x)

Parent(x, y) ∧ Female(x) ⇒ Mother(x, y)

Parent(x, y) ∧ Parent(y, z) ⇒ Grandparent(x, z)
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Par�deigma Datalog: Monop�tia se èna Gr�fo

Arc(x, y) ⇒ Path(x, y)

Path(x, y) ∧Arc(y, z) ⇒ Path(x, z)

Arc(A,B) Arc(B, C) Arc(C,D) Arc(B, E)
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Par�deigma: LÐstec

Ac jewr soume to parak�tw lexilìgio:

• To sÔmbolo stajer�c Empty pou sumbolÐzei thn ken  lÐsta.

• To sÔmbolo duadik c sun�rthshc Cons (apì thn agglik  lèxh
construct).

O ìroc Cons(h, t) sumbolÐzei th lÐsta pou èqei pr¸to stoiqeÐo
to h kai ta upìloipa stoiqeÐa thc apartÐzoun th lÐsta t.

• To sÔmbolo kathgor matoc Member.

To gegonìc Member(e, l) dhl¸nei ìti to e eÐnai stoiqeÐo thc
lÐstac l.
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Par�deigma: LÐstec

Oi akìloujec fr�seic Horn ekfr�zoun idiìthtec tou Member:

Member(e, Cons(e, t))

Member(e, t) ⇒ Member(e, Cons(h, t))

Oi parap�nw kanìnec eÐnai oristikoÐ all� ìqi Datalog epeid 
perièqoun to sÔmbolo sun�rthshc Cons.
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Mia Efarmog  tou GMP

MporoÔme na lÔsoume to prìblhma me ton Suntagmat�rqh West
qrhsimopoi¸ntac GMP? Nai, an eÐnai dunatìn na gr�youme thn b�sh
gn¸shc mac me fr�seic Horn. Ac to dokim�soume!

Sthn epìmenh enìthta tou maj matoc, ja d¸soume ènan genikì
algìrijmo pou mporeÐ na qrhsimopoihjeÐ gia na metatrèyei èna
tuqaÐo tÔpo thc logik c pr¸thc t�xhc se èna isodÔnamo sÔnolo
fr�sewn Horn (ìtan up�rqei tètoio isodÔnamo sÔnolo).
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Par�deigma

• ... eÐnai ègklhma gia ènan Amerikanì na poul�ei ìpla se
eqjrik� kr�th.

American(x) ∧Weapon(y) ∧Nation(z)∧

Hostile(z) ∧ Sells(x, z, y) ⇒ Criminal(x)

• To kr�toc Nono ...
Nation(Nono)

• ... pou eÐnai eqjrìc thc Amerik c ...

Enemy(Nono,America)
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Par�deigma

• ... èqei puraÔlouc.

Owns(Nono,M1), Missile(M1)

Parat rhsh: Epeid  oi fr�seic Horn den epitrèpoun th qr sh
uparxiakoÔ posodeÐkth, qrhsimopoi same thn stajer� M1 gia
ton èna toul�qiston pÔraulo gia ton opoÐo mac lèei h parap�nw
prìtash.
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Par�deigma

• 'Olouc autoÔc touc puraÔlouc touc èqei poul sei sto Nono o
suntagmat�rqhc West

Owns(Nono, x) ∧Missile(x) ⇒ Sells(West, Nono, x)

• ... o opoÐoc eÐnai Amerikanìc.

American(West)
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Par�deigma

• H Amerik  eÐnai kr�toc.

Nation(America)

• Oi pÔrauloi eÐnai ìpla.

Missile(x) ⇒ Weapon(x)

• �'Eqjrìc thc Amerik c � shmaÐnei �eqjrikì kr�toc �.

Enemy(x,America) ⇒ Hostile(x)
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Apìdeixh

• Apì Missile(M1) kai Missile(x) ⇒ Weapon(x),
qrhsimopoi¸ntac GMP:

Weapon(M1)

• Apì Enemy(x,America) ⇒ Hostile(x) kai
Enemy(Nono,America), qrhsimopoi¸ntac GMP:

Hostile(Nono)

• Apì Owns(Nono, M1), Missile(M1) kai

Owns(Nono, x) ∧Missile(x) ⇒ Sells(West, Nono, x)

qrhsimopoi¸ntac GMP:

Sells(West, Nono, M1)
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Apìdeixh

• Apì
American(West),Weapon(M1), Nation(Nono),Hostile(Nono),
Sells(West, Nono, M1) kai

American(x) ∧Weapon(y) ∧Nation(z)∧

Hostile(z) ∧ Sells(x, z, y) ⇒ Criminal(x),

qrhsimopoi¸ntac GMP:

Criminal(West)
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Algìrijmoi SumperasmoÔ me Qr sh tou GMP

H parap�nw apìdeixh mac deÐqnei ìti o sumperasmìc me qr sh tou
GMP eÐnai fusikìc kai eÔkoloc sto na ton akolouj sei kaneÐc.

Ja parousi�soume t¸ra dÔo shmantikoÔc algìrijmouc sumperasmoÔ
gia th logik  pr¸thc t�xhc pou basÐzontai se GMP:

• Proc ta emprìc alusÐda ektèleshc (forward chaining).

• Proc ta pÐsw alusÐda ektèleshc (backward chaining).

Oi algìrijmoi autoÐ ja parousiastoÔn mìno gia thn perÐptwsh
b�sewn gn¸shc pou apoteloÔntai apì oristikèc fr�seic Horn.

Prin proqwr soume ìmwc qreiazìmaste èna teqnikì orismì akìma.
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Par�deigma

Jewr ste thn parak�tw b�sh gn¸shc KB:

Likes(x,Mary)

Likes(John, x) ⇒ GreetsCheerfully(John, x)

Ja perimèname na akoloujeÐ logik� apì thn KB o tÔpoc:

GreetsCheerfully(John,Mary)

'Omwc o GMP de mporeÐ na qrhsimopoihjeÐ gia na sumper�noume
autì ton tÔpo giatÐ oi atomikoÐ tÔpoi Likes(x,Mary) kai
Likes(John, x) den enopoioÔntai!
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ProtupopoÐhsh Metablht¸n

To prohgoÔmeno prìblhma mporeÐ na epilujeÐ me protupopoÐhsh
twn metablht¸n:

1. KamÐa metablht  den prèpei na up�rqei se perissìterouc apì
mia fr�seic Horn sthn arqik  b�sh gn¸shc.

2. Opoted pote èqoume na efarmìsoume ton GMP, pr¸ta
metonom�zoume tic metablhtèc twn fr�sewn Horn pou ja
qrhsimopoi soume. Ta nèa onìmata metablht¸n den prèpei na
èqoun qrhsimopoihjeÐ enwrÐtera.
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Proc ta Emprìc AlusÐda Ektèleshc

O algìrijmoc proc ta emprìc alusÐda ektèleshc (forward
chaining) xekin�ei me tic fr�seic sth b�sh gn¸shc kai par�gei
sumper�smata qrhsimopoi¸ntac ton GMP. Aut� ta sumper�smata
me th seir� touc odhgoÔn se perissìtera sumper�smata pou
mporoÔn na exaqjoÔn apì th b�sh gn¸shc k.o.k.

'Otan efarmìzoume ton algìrijmo den prèpei na xeqn�me thn
protupopoÐhsh twn metablht¸n ìpwc suzht same prohgoumènwc.

Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

Forward Chaining

O algìrijmoc forward chaining mporeÐ na qrhsimopoihjeÐ wc ex c:

• Wc mia odhgoÔmenh apì ta dedomèna (data-driven)
diadikasÐa. 'Otan èna gegonìc prostÐjetai sth b�sh gn¸shc, o
algìrijmoc ekteleÐtai gia na sumper�noume nèa gegonìta. Ta
gegonìta aut� prostÐjentai epÐshc sth b�sh gn¸shc, kai h
diadikasÐa suneqÐzetai.
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Forward Chaining

• Wc mia diadikasÐa ap�nthshc erwthm�twn (query answering). 'Otan
jèloume na m�joume an ènac atomikìc tÔpoc α (pijan� me eleÔjerec
metablhtèc x1, . . . , xn) akoloujeÐ logik� apì mia b�sh gn¸shc, mporoÔme
na efarmìsoume forward chaining gia na par�goume nèa sumper�smata,
mèqri na paraqjeÐ ènac atomikìc tÔpoc pou enopoieÐtai me ton α.

'Etsi douleÔei h sun�rthsh FOL-FC-Ask pou parousi�zoume sthn
epìmenh diaf�neia. H antikat�stash σ mac dÐnei thn pr¸th ap�nthsh
sto er¸thma α: h ap�nthsh orÐzetai apì to sÔnolo twn desmeÔsewn twn
metablht¸n x1, . . . , xn thc α.

MporoÔme na suneqÐsoume na efarmìzoume forward chaining gia na
p�roume perissìterec apant seic.
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Forward Chaining

function FOL-FC-Ask(KB, α) returns a substitution or false

inputs: KB, the knowledge base, a set of first-order definite clauses

α, 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 ∧ . . . ∧ pn ⇒ q

for each θ such that SUBST (θ, p1 ∧ . . . ∧ pn) = SUBST (θ, p′1 ∧ . . . ∧ p′n)

for some p′1, . . . , p
′
n in KB do

q′ ← SUBST (θ, q)

if q′ is not a renaming of some sentence already in KB or new then do

add q′ to new

σ ← Unify(q′, α)

if σ is not failure then return σ
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add new to KB

return false
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ParadeÐgmata

'Estw h KB

Missile(M1)

Owns(Nono, x) ∧Missile(x) ⇒ Sells(West,Nono, x).

An h prìtash Owns(Nono,M1) eisaqjeÐ sthn KB, tìte mporoÔme
na efarmìsoume ton algìrijmo forward chaining gia na
sumper�noume ton tÔpo

Sells(West, Nono, M1)

kai na ton prosjèsoume sthn KB. Kanènac �lloc sumperasmìc den
mporeÐ na pragmatopoihjeÐ sth sunèqeia, �ra o algìrijmoc
stamat�ei.
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ParadeÐgmata

'Estw h KB

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

Missile(M2), Owns(Nono, M2),

Owns(Nono, x) ∧Missile(x) ⇒ Sells(West,Nono, x).

'Estw ìti jèloume na m�joume an apì thn KB èpetai logik� ìti
up�rqei k�poioc pou èqei poul sei k�poio ìplo sto kr�toc Nono.
Autì to er¸thma mporeÐ na anaparastajeÐ apì ton tÔpo

Sells(z, Nono,w)

me eleÔjerec metablhtèc z kai w.
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ParadeÐgmata

H sun�rthsh FOL-FC-Ask mporeÐ na efarmosteÐ gia na deÐxoume
ìti to gegonìc

Sells(West, Nono, M1)

akoloujeÐ logik� apì thn KB. Autì to nèo gegonìc enopoieÐtai me
ton tÔpo

Sells(z, Nono,w)

me antikat�stash
{z/West, w/M1}

kai dÐnei mia ap�nthsh sto er¸thma.
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ParadeÐgmata

O algìrijmoc mporeÐ na efarmosteÐ xan� gia na deÐxoume ìti to
gegonìc

Sells(West, Nono, M2)

akoloujeÐ logik� apì thn KB. Autì to nèo gegonìc enopoieÐtai me
ton tÔpo

Sells(z, Nono,w)

me antikat�stash
{z/West, w/M2}

kai dÐnei mia nèa ap�nthsh sto er¸thma.

Oi duo antikatast�seic pou upologÐsthkan parap�nw eÐnai to
sÔnolo apant sewn sto er¸thma:

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

Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

ParadeÐgmata

'Estw h KB

Q(x) ⇒ Q(F (x))

kai to gegonìc Q(A) eis�getai sthn KB.

Tìte o algìrijmoc forward chaining mporeÐ na efarmosteÐ gia na
prostejeÐ to gegonìc Q(F (A)) sthn KB.
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ParadeÐgmata

All� t¸ra to Q(F (A)) enopoieÐtai me thn upìjesh tou kanìna

Q(x) ⇒ Q(F (x))

kai o GMP mporeÐ na efarmosteÐ xan�.

Se autì to shmeÐo o algìrijmoc forward chaining pèftei se
atèrmona brìgqo prosjètontac sth b�sh gn¸shc ta akìlouja
gegonìta:

Q(F (F (A))), Q(F (F (F (A)))), . . .
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Orjìthta kai Plhrìthta tou Forward Chaining

H sun�rthsh FOL-FC-Ask eÐnai orj  epeid  se k�je b ma
sumperasmoÔ apl� efarmìzei ton GMP kai o GMP eÐnai orjìc.

H sun�rthsh FOL-FC-Ask eÐnai pl rhc gia b�seic gn¸sewn pou
eÐnai se morf  Datalog, dhlad  mporeÐ na qrhsimopoihjeÐ gia na
brejoÔn ìlec oi apant seic miac er¸thshc.

An h b�sh gn¸sewn apoteleÐtai apì oristikèc fr�seic Horn pou
èqoun sÔmbola sun�rthshc, tìte o algìrijmoc forward chaining
mporeÐ na pèsei se atèrmona brìgqo ìpwc eÐdame parap�nw.
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To Prìblhma thc Logik c K�luyhc

'Estw KB èna sÔnolo fr�sewn Horn kai φ ènac atomikìc tÔpoc.

To prìblhma thc logik c k�luyhc (dhl. h er¸thsh KB |= φ?) gia
oristikèc fr�seic Horn eÐnai hmiapofasÐsimo ìpwc kai gia thn
genik  perÐptwsh thc logik c pr¸thc t�xhc.

To prìblhma thc logik c k�luyhc (dhl. h er¸thsh KB |= φ?) ìtan
h KB eÐnai b�sh Datalog mporeÐ na lujeÐ se poluwnumikì qrìno
qrhsimopoi¸ntac ton algìrijmo forward chaining.
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Jèmata UlopoÐhshc kai Apìdoshc

Gia na ulopoihjeÐ o algìrijmoc forward chaining, prèpei na
apant soume stic ex c erwt seic:

• Poio kanìna na qrhsimopoi soume pr¸to sthn perÐptwsh pou
èqoume perissìterouc tou enìc kanìnec?

• AfoÔ dialèxoume kanìna, me poi� seir� na exet�soume touc
tÔpouc tou s¸matoc tou kanìna gia na broÔme an to s¸ma
tou kanìna enopoieÐtai me gegonìta thc b�shc?

• Poio gegonìc na qrhsimopoi soume pr¸to se perÐptwsh pou
èqoume perissìtera tou enìc kat�llhla gegonìta?

H swst  ap�nthsh twn parap�nw erwt sewn mporeÐ na k�nei th
diafor� sthn apìdosh tou algìrijmou.
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'Alla Jèmata Apìdoshc

O algìrijmoc forward chaining mporeÐ na efarmosteÐ polÔ
apodotik� an èqoume kalèc teqnikèc gia ta ex c:

• Apofug  thc epanexètashc k�je kanìna se k�je epan�lhyh
(afoÔ mìno merik� gegonìta prostÐjentai sth b�sh gn¸shc se
k�je epan�lhyh).

• Apofug  dhmiourgÐac gegonìtwn pou eÐnai �sqeta me to
er¸thma (ìtan h proc ta emprìc alusÐda ektèleshc
qrhsimopoieÐtai wc algìrijmoc ap�nthshc erwthm�twn).
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Jèmata UlopoÐhshc kai Apìdoshc

Aut� ta jèmata èqoun melethjeÐ diexodik� stic ex c perioqèc thc
Teqnht c NohmosÔnhc kai twn B�sewn Dedomènwn:

• Sust mata paragwg¸n (production systems).

• Sust mata energ¸n b�sewn dedomènwn (active
databases).

• Sust mata epagwgik¸n b�sewn dedomènwn (deductive
databases).

• Sust mata kanìnwn se up�rqonta sqesiak� sust mata
b�sewn dedomènwn (p.q., sthn Oracle).



Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

Proc ta PÐsw AlusÐda Ektèleshc

O algìrijmoc thc proc ta pÐsw alusÐdac ektèleshc
(backward chaining) xekin�ei me èna gegonìc pou jèloume na
apodeÐxoume, brÐskei èna kanìna pou mac epitrèpei na to
sumper�noume, kai prospajeÐ na apodeÐxei ìti isqÔei to s¸ma autoÔ
tou kanìna.
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Proc ta PÐsw AlusÐda Ektèleshc

function FOL-BC-Ask(KB, goals, θ) returns a set of substitutions

inputs: KB, a knowledge base

goals, a list of conjuncts forming a query (θ already applied)

θ the current substitution, initially the empty substitution

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

if goals is empty then return {θ}
q′ ← Subst(θ,First(goals))

for each formula r in KB which after standardization of variables becomes

p1 ∧ . . . ∧ pn ⇒ q and θ′ ← Unify(q′, q) succeeds do

new goals ← [p1, . . . , pn|Rest(goals)]

answers ←FOL-BC-Ask(KB, new goals,Compose(θ, θ′)) ∪answers

return answers
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Sqìlia

O algìrijmoc FOL-BC-Ask mporeÐ na qrhsimopoihjeÐ gia na broÔme to
sÔnolo twn antikatast�sewn σ pou eÐnai tètoiec ¸ste KB |= SUBST (σ, φ)
ìpou φ eÐnai h sÔzeuxh pou antistoqeÐ sthn lÐsta goals.

Me �lla lìgia, o algìrijmoc FOL-BC-Ask mporeÐ na qrhsimopoihjeÐ gia
na broÔme ìlec tic apant seic se èna er¸thma φ pou tÐjetai sth b�sh
gn¸shc KB.

H ap�nthsh sto er¸thma φ eÐnai èna sÔnolo antikatast�sewn pou
apoteloÔntai apì tic desmeÔseic gia tic metablhtèc tou erwt matoc φ.
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Sqìlia

O algìrijmoc thc proc ta pÐsw alusÐdac ektèleshc apaiteÐ
protupopoÐhsh twn metablht¸n ìpwc perigr�yame nwrÐtera gia
ton GMP.

O algìrijmoc FOL-BC-Ask eÐnai ènac algìrijmoc anaz thshc
pr¸ta kat� b�joc (depth-first search) opìte èqei ìla ta kal�
kai kak� qarakthristik� aut¸n twn algorÐjmwn.

Gia thn ulopoÐhsh kai thn apodotikìthta tou FOL-BC-Ask

egeÐrontai parìmoia jèmata me aut� pou suzht same sthn perÐptwsh
tou algìrijmou forward chaining.
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Logikìc Programmatismìc

'Olec oi gl¸ssec logikoÔ programmatismoÔ (p.q., Prolog) kai ta
sust mata paragwgik¸n b�sewn dedomènwn (deductive
databases) basÐzontai se kat�llhlec ulopoi seic tou algìrijmou
backward chaining.
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ParadeÐgmata

'Estw h b�sh gn¸shc KB

Q(A), Q(B)

kai to er¸thma Q(x).

H sun�rthsh FOL-BC-Ask(KB, [Q(x)], {}) epistrèfei to sÔnolo
antikatast�sewn

{{x/A}, {x/B}}.
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ParadeÐgmata

S' autì to par�deigma, o algìrijmoc FOL-BC-Ask leitourgeÐ wc
ex c.

Sto s¸ma thc entol c for each gÐnontai oi anadromikèc kl seic
FOL-BC-Ask(KB, [], {x/A}) kai FOL-BC-Ask(KB, [], {x/B})
pou epistrèfoun ta sÔnola antikatast�sewn {{x/A}} kai {{x/B}}
antÐstoiqa. Oi kl seic autèc antistoiqoÔn stouc tÔpouc Q(A) kai
Q(B) pou up�rqoun sthn KB.

To telikì apotèlesma dhmiourgeÐtai apì thn ènwsh twn parap�nw
sunìlwn sthn proteleutaÐa gramm  tou algìrijmou.
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ParadeÐgmata

'Estw h b�sh gn¸shc KB

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

kai to er¸thma Q(x) ∧R(x, y).

H sun�rthsh FOL-BC-Ask(KB, [Q(x), R(x, y)], {}) epistrèfei

{{x/A, y/C}, {x/B, y/D}}.
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ParadeÐgmata

S' autì to par�deigma, o algìrijmoc FOL-BC-Ask leitourgeÐ wc
ex c.

Arqik� h θ eÐnai Ðsh me {} kai to q′ gÐnetai Q(x). Met� ekteleÐtai to
s¸ma thc entol c for each gia r = Q(A) kai θ′ = {x/A} kai gÐnetai
h anadromik  kl sh FOL-BC-Ask(KB, [R(x, y)], {x/A}) mia pou

COMPOSE({}, {x/A}) = {x/A}.

Ac doÔme t¸ra ti sumbaÐnei s' aut  thn anadromik  kl sh. H θ eÐnai
Ðsh me {x/A} kai to q′ gÐnetai R(A, y). Met� ekteleÐtai to s¸ma thc
entol c for each gia r = R(A,C) kai θ′ = {y/C} kai gÐnetai h
anadromik  kl sh FOL-BC-Ask(KB, [], {y/C}) mia pou

COMPOSE({x/A}, {y/C}) = {x/A, y/C}.
H kl sh aut  epistrèfei {{x/A, y/C}}.
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ParadeÐgmata

'Ara h kl sh FOL-BC-Ask(KB, [R(x, y)], {x/A}) epistrèfei to
Ðdio sÔnolo antikatast�sewn kai autì apojhkeÔetai sth metablht 
answers.

Met� akoloujeÐ h ektèlesh thc for each gia r = Q(B) kai me
omoio trìpo dhmiourgeÐtai to sÔnolo antikatast�sewn
{{x/A, y/D}} to opoÐo prostÐjetai sto sÔnolo answers.

'Etsi èqoume to telikì apotèlesma.
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ParadeÐgmata

'Estw h b�sh gn¸shc KB

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

Owns(Nono, x) ∧Missile(x) ⇒ Sells(West, Nono, x)

kai to er¸thma Sells(West,Nono, y).

H sun�rthsh FOL-BC-Ask(KB, [Sells(West,Nono, y)], {})
epistrèfei

{{y/M1}}.

MporeÐte na exhg sete giatÐ prosomoi¸nontac thn ektèlesh thc
sun�rthshc FOL-BC-Ask?
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ParadeÐgmata

'Estw h b�sh gn¸shc KB

P (3) ⇒ P (3)

kai to er¸thma P (x)   to er¸thma P (3).

Oi kl seic FOL-BC-Ask(KB, [P (x)], {}) kai
FOL-BC-Ask(KB, [P (3)], {}) pèftoun se atèrmona brìgqo.
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ParadeÐgmata

Prosèxte ìti aut  h b�sh gn¸shc den èqei sunarthsiak� sÔmbola!

EÐmaste sthn perÐptwsh thc Datalog kai mporoÔme na upologÐsoume
ìla ta gegonìta pou akoloujoÔn logik� apì mia b�sh gn¸shc
(p.q., qrhsimopoi¸ntac forward chaining). Opìte h anepijÔmhth
sumperifor� ofeÐletai sth dosmènh b�sh gn¸shc, kai sto ìti h
sun�rthsh FOL-BC-Ask douleÔei me pr¸ta kat� b�joc trìpo.

Teqnht  NohmosÔnh M. Koumpar�khc
'

&

$

%

ParadeÐgmata

American(West)

Enemy(Nono,America)

Owns(Nono, M1), Missile(M1)

Enemy(x,America) ⇒ Hostile(x)

Missile(x) ⇒ Weapon(x)

Missile(x) ∧Owns(Nono, x) ⇒ Sells(West, x,Nono)

American(x) ∧Weapon(y)∧
Sells(x, y, z) ∧Hostile(z) ⇒ Criminal(x)
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ParadeÐgmata

Prosoq : Sthn prohgoÔmenh b�sh gn¸shc to kathgìrhma
Sells(z, w, v) parist�nei ìti o z poul�ei to w ston v (dhlad , se
sqèsh me ta prohgoÔmena paradeÐgmata pou aforoÔsan ton West,
èqoume enall�xei ta dÔo teleutaÐa orÐsmata tou Sells).

Ja parousi�soume t¸ra to dèndro apìdeixhc pou apodeiknÔei to
gegonìc Criminal(West). Ta dèndra apìdeixhc eÐnai ènac
dhmofil c grafikìc trìpoc na exhg soume thn leitourgÐa tou
algìrijmou backward chaining.

Teqnht  NohmosÔnh M. Koumpar�khc
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Dèndro Apìdeixhc (Proof Tree)

Hostile(Nono)

Enemy(Nono,America)Owns(Nono,M1)Missile(M1)

Criminal(West)

Missile(y)

Weapon(y) Sells(West,M1,z)American(West)

 y/M1{ } { }{ }{ }

{ } z/Nono{ }



Teqnht  NohmosÔnh M. Koumpar�khc
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Melèth

• AIMA, Kef�laio 9.

• M. Genesereth, N. Nilsson. Logical Foundations of Artificial
Intelligence. Morgan Kaufmann, 1987.

Par�grafoc 4.2.

O algìrijmoc enopoÐhshc pou d¸same proèrqetai apì autì to
biblÐo.


