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o bird( sparrow)
o partof( engine, car)
o hates( di,reza)
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V X: meansfor dl X... (Universa quantification)
Universal quantification V <variables> <formula>
Everyone at Stanford is smart Vv X King(X) = Person(X).
vX At(X, stanford) = Smart(X) Means that all kings are persons
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3 X: means for some X. There exists at least one X such that...”(Existential quantification)
Existential quantification 3 <variables> <sentence>
Someone at Stanford is smart 3 X Crown(x) A OnHead(X,John)
3 X At(X,Stanford) A Smart(X) Means that something is both a crown and is on the head of John
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Typicaly, = isthe main connective with ¥
Common mistake: using A as the main connective with v
VX At(x,Stanford) A Smart(x) means “Everyoneisat Stanford and everyone is smart”
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Typically, A isthe main connective with 3
Common mistake: using = as the main connective with 3:
Ix At(x,Stanford) = Smart(x)  istrueif thereisanyone who isnot at Stanford!
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§Cl 5l o « =3 X —Likes(X iceCream) ke |; VX Likes(X, iceCream) alex LT

§ul 3l o2 ¢ 2VX —Likes(X, iceCrem) k- | 3x Like(X, iceCream) aler LT
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vV X p(X)=-3X =p(X) VX p(X)Aq=VX(p(X) Q)
VX =p(X) ==3X p(X) VX p(X)vg=vX(p(X)va)
X p(X) ==X =p(X) IX p(X) A q=3X(p(X) A Q)
X =p(X) ==VX p(X) IX p(X) v g=3X(p(X)va)
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(FalseAP)vQ=0Q X ((X) A=g(X)) = VXF (X) A =3Xg(X)

PA—=(Qv P)=False
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VY x3yLoves(xy)
— Vx(3yLoves(x,y)) “everybody |loves somebody”
*+ 3JyVxLoves(xy)
— 3y (V xLoves(x,y)) “thereissomeonewho isloved by everyone”
e dxVyLoves(xy)
— 3dAx(VyLoves(xy)) “thereissomeone who loves everyone”
*  Vy3xLoves(x,y)
— Vy(@@xLoves(xy)) “everyoneisloved by someone
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* VX Vyisthesameas Vy Vx (typically just write V X,y ...)¥x Vy Loves(x,y)
— VX (VylLoves(xy)) ‘“everyoneloveseveryone’
e 3dx3dyisthesameas3y 3x (typicaly just write 3 X,y ...)3x Iy Loves(x,y)
— 3Ix (3y Loves(x,y)) “someoneloves someone’
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o address(ottawa, main, 10) corresponds to avalid Ottawa address,

o onMarket(house(address(ottawa, main, 10), bedrooms(4)), price(225000)) denotes a true or false statement about
a specific house.
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S1 A S2istrueif both S1 and S2 areinthe model.  (Thisisahugely simplified approach to modelsin logic. ©)
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A tautology is something that is truein every model. A classic exampleisthisformulatrue for any H, P:
onMarket(H, P) v — onMarket(H, P)
Two formulae are model-equivalent if, in every model, they are either both true or both false.
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+ Entailment: KB |= o whenever every model of KB isaso amodel of a.
* S0 KB | a iff KBU{—a} hasno model

Formula @ entails formula ¥ if ¥ istrue in every model in which @ istrue. Thisiswrittenas. ® |= ¥
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(onMarket(H, P) = — sold(H)) A sold(H) |= — onMarket(H, P)
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Prolog (PROgramming in LOGic)
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Fact
parent(jane, alan). Can be read as “Jane is the parent of Alan.”

Rules
parent(X,Y) :- mother(X,Y). “Person X isthe parent of person Y if X isY’s mother.”
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cat(x) :- furry(x), meows(x), has(x,claws)
furry(Mooshke).
has(Mooshke,claws).

:- cat(Mooshke)

?J}fbu.a o@bd}‘ﬁ;&é@‘é\dw%‘ﬁ:&x
“First order” means that we can only reason about sets of individuals, that is, only individuals can be quantified. Predicates are fixed.
In higher-order logics variables are allowed in predicate positions. Two examples:

Jbe
VX 3Y X(Y) “each property has at least one instance”
VX (X(a) = X(b)) “aand b have the same properties”
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_AX(F(X) > g(X)) A VX~f (X) = False
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