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equal(plus(2,2),4) @ (romeo,juliette)
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* Predicates man,love, brother, >,...

« Constants yaser,romeo, 4,...

* Functions sqgrt, plus,... Terms slau
 Variables X,Y,A,B,...

 Connectives —, =, A, YV, &

« Equality =

* Quantifiers v, 3
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: Atomic sentence = predicate (term,,...,term,) 95 il
or terml = term2
. term = function (terml,...,-termn) sl
or constant or variable

;b
1. brother (walid,rachid)
2. > (Length(LeftLegOf(walid)), Length(LeftLegOf(rachid)))

. Complex sentences are made from atomic sentences using Sl sl
connectives

;U
1. brother(walid,rachid) = brother (rachid,walid)
2. >(1,2) v<(1,2)
3. >(1,2) A =>(1,2)
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« term, =term, is true under a given interpretation if and
only if term, and term, refer to the same object

3 AY1 A8l iy y23 JUie

vX,y brothers (X,y) < [-(X=y) A AIMf—-(m =1) A
Parent(m,x) A Parent(f,x) A Parent(m,y) A Parent(f,y)]
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Sentence

Atomic sentence

Sentence Connective Sentence
Quantifier Variable...... Sentence
— Sentence

(Sentence)
Predicate(term,.......
Atomic Sentence redicate(term, )
Term=term
Function(term,.....)
Term Constant
Variable
Connective = AV S
Quantifier v 3
Constant a b cyaser
Variable AB X
Predicate Man, part_of
Function Mother
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Existential quantification 25>l anill
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Vx— Likes(x,lceCream)  —3x Likes(x,lceCream)
—Vx Likes(x,IceCream)  3dx —Likes(x,IceCream)
Vvx Likes(x,lceCream) —3x —Likes(x,lceCream)
dx Likes(x, lceCream) — VX —Likes(x, lceCream)
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VX—S = —3XS

¢ VX VYyisthe same as Vy Vx el Al (an
« dx dyis the same as Jy Ix

« 3Ix Vyis not the same as Vy Ix LY
« 3dx Vy Loves(x,y) ol JS sy padd da
« Vy 3dx Loves(x,y) BY e aaly gadd J8 e e (il JS

Ix (Vy Loves(x,y)) ” sl JS a7 sl dpalas ellay L aall
Vy (Ix Loves(X,y)) “aenz Lo aal an 0" 43l dpala o Sl il S

— = A

VXS = —3X—S
ElXS — —|‘V’X—|S
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« if X is a parent of Y, then X older then Y
oIf X is mother of Y, then X is a parent of Y
*Fatima is mother of Samira
 Fatima is older then Samira
:FOL () dan il

VX VY parent(X,Y) = older(X,Y)
VX VY mother(X,Y) = parent(X,Y)
*Mother(fatima, samira)

—)

older(fatima, samira)
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Universal instantiation (Ul) alal Jaiall 3a3aa 3208

Every instantiation of a universally quantified sentence is entailed by
It:

for any variable x and constant symbol k

E.g., VX King(x) A Greedy(x) = Evil(x) yields:

VX o
Subst({x/k}, a) Jes

Kl 5l X el el JS Jas

King(John) A Greedy(John) = Evil(John)
King(Richard) A Greedy(Richard) = Evil(Richard)
King(Father(John)) A Greedy(Father(John)) = Evil(Father(John))
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« For any sentence q, variable x, and constant symbol k that does not
appear elsewhere in the knowledge base:

X a
Subst({x/k}, a)

« E.g., 3x Crown(x) A OnHead(x,John) yields:

Crown(C;) A OnHead(C,,John)
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Existential Intoduction 25> d) axsill JKAa) 333a 3ac 8

For any sentence q, variable x (does not exist in a) , and constant
symbol k that appears ina:

a
dx Subst({k/x}, a)

E.g., Likes (Yasser, lceCream) yields:

3x Likes (x, lceCream)
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