
s»}»m»L»r=w»y

|awvYt Vwy
1402ffl03 pw= p=Ut}v

http://courses.fouladi.ir/ai

u=QyD x=oWv=O
|@=Q=i u=oOmWv=O
|UOvyt |xOmWv=O

8 |xQ=tW u}QtD

syv w sDWy pYi

u; QO G=DvDU= w pw= x@DQt j]vt
First-Order Logic (FOL) and Inference in FOL

"O}vm xtHQD |a}@] u=@ R x@ =Q ’CU= xOW xDWwv pw= |x@DQt j]vt QO xm Q} R |=yxrtH “1

“hr=” ∀x(Bird(x) ⇒ Flies(x))

“?” ∀x∃y(Person(x) ⇒ Mother(y, x))

“G” ∃x∀y(Person(x) ∧ Mother(x, y))

&CU=XNWl} x |va} ’Person(x) &Ovm|t R=wQB x |va} ’Flies(x) &CU= xOvQB x |va} ’Bird(x) ’jwi |=yxrtH QO
"CU= y QO=t x |va} ’Mother(x, y)

"O}vm xO=iDU= =ypwtLt |=Q@ =vat=@ |=ys=v R=. O}vm p}O@D pw= |x@DQt j]vt QO |D=Q=@a x@ =Q Q} R |U}rov= CqtH “2

“hr=” All cats are mammals.

“?” No cat is a reptile.

“G” All computer scientists like some operating system.

%O} Q}o@ Q_v QO =Q Q} R |xrtH xU “3

(A) There is a computer scientist who likes every operating system.

(B) Linux is an operating system.

(C) Someone likes Linux.

"s}vm =O}B =Q xrtH xU u}= u=}t |k]vt |x]@=Q s}y=wN|t

"O}t=v@ C w B ’A =Q =yv; w Ovm u=}@ =Q xOWxO=O |=yC}ak=w R= l} Qy xm O}U} wv@ pw= |x@DQt j]vt QO =Q |rwtQi “hr=”

"OvW=@ \@DQt ¬C w B ’A =@ xm O}U} wv@ =Q =yclause R= |=xawtHt “?”

"O}vm G=QNDU= “False pO=at” |yD clause l} xawtHt u}= R= resolution R= xO=iDU= =@ “G”

#Ovm|t G=QNDU= xrtH xU u}= u}@ |H=DvDU= |x]@=Q xJ resolution xm O}yO K}[wD “O”

"O}@=}@ Q} R |=yCQ=@a GwR R= l} Qy |=Q@ =Q (most general unifier) R=Uu=Um} u} QD|twta “4

“hr=” Rel(z, C, P (x, F (x)), x) , Rel(P (y, y), y, z,D)

“?” P (A,B,B) , P (x, y, z)

“G” Older(Father(y), y) , Older(Father(x), John)

“O” Q(y,G(A,B)) , Q(G(x, x), y)

“y” Knows(Father(y), y) , Knows(x, x)

"O}@=}@ =Q Q} R CQ=@aZ}kv “5

∀x∀y∀z[P (x) ∧ Q(x, y) ⇒ R(x, y, z)]
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#OQm C@=F =Q xQ=Ro l} ‹uOw@ Q@Dat› w ‹|Q}PB=v=[Q=› u=wD|t resolution R= xO=iDU= =@ xvwoJ “6

#Q}N =} CU= Q@Dat pw= x@DQt j]vt QO ’Q} R G=DvDU= =}; xm O}vmXNWt resolution R= xO=iDU= =@ “7

∀x(P (x) ⇒ Q(x)),∀x(Q(x) ⇒ R(x)) ⊢ ∀x(P (x) ⇒ R(x))

"O}vm p}O@D CNF sQi x@ =Q Q} R |=yxQ=Ro “8

“hr=” ∀x(P (x) ∨ Q(x)) ⇒ R(x)

“?” ∃x∀y∀z(Person(x) ∧ ((Likes(x, y) ∧ y 6= z) ⇒ ¬Likes(x, z)))

#CU= p@=kt CqtH |k]vt |xH}Dv ’Q} R |=yxv} Ro R= l}s=Om “9

∃xCat(x) ∧ Owns(Hamid, x)

∀x(∃y(Cat(y) ∧ Owns(x, y)) ⇒ AnimalLover(x))

∀x∀y(AnimalLover(x) ∧ Animal(y) ⇒ ¬Kills(x, y))

Kills(Hamid, Pupa) ∨ Kills(Behzad, Pupa)

Fish(Pupa)

∀x(Fish(x) ⇒ Animal(x))

¬Kills(Hamid,Behzad)

"CU= |y=t pD=k O=Ry@ “hr=”
"CU= x@ Qo Q=ODUwO O}tL “?”

"CU= O=Ry@ pD=k O}tL =} CU= =B wB pD=k O=Ry@ “G”
"CU= =B wB pD=k x@ Qo =} CU= =B wB pD=k O}tL “O”

"O}vm p}O@D CNF sQi x@ =Q ∀x(P (x) ⇒ Q(x)) ⇒ R(x) |xQ=Ro “10

Q} R CqtH uDiQo Q_v QO =@ “11

• Horses, cows, and pigs are mammals.

• An offspring of a horse is a horse.

• Bluebeard is horse.

• Bluebeard is Charlie’s parent.

• Offspring and parent are inverse relations.

• Every mammal has a parent.

O}vm |}=tvR=@ Horn Clauses pmW x@ |Wv=O x=o}=B QO =Q =yv; “hr=”
"O}vm xO=iDU= (backward chaining) wQUB |R=UxQ}HvR VwQ =@ C=@F= QO ∃hHorse(h) |wHwTQB R= “?”

G=DvDU= u}= xm O}yO K}[wD "‹CU= u=w}L l} QU ’?U= l} QU› xm OwW|t \=@vDU= ‹CU= u=w}L l} ?U=› |xrtH R= “12
%CU= Q@Dat ’Q} R pL=Qt s=Hv= \UwD

pwtLt xU R= "O}vm p}O@D pw= x@DQt j]vt u=@ R x@ =Q |r=D w sOkt “hr=”

Animal(x), Horse(x), HeadOf(h, x)

"O}vm xO=iDU=
"O}vm p}O@D |i]a p=tQv sQi x@ =Q xOWZ}kv |r=D w sOkt w O}vmZ}kv =Q |r=D “?”
"O}vm xO=iDU= ’Ovm|t |wQ}B sOkt R= |r=D xmv}= uO=O u=Wv |=Q@ resolution R= “G”
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