Additional Exercises: Logics and Statistics for

Language Modeling
2009-2010

1 First-Order Logic

Construct a single first-order model that satisfies the following formulas:

Vayz.(R(z,y) A R(y, 2)) — R(z,2))
Jwy.(P(z) A —P(y))
Vo Jy.(R(z,y) Az # y)

Construct a single first-order model that satisfies the following formulas:

Ve.Jy.R(z,y)
Jry.x £y
Vay.(R(z,y) — —R(y, x))
Va.(P(z) vV Q(x))
Va.(P(x) — —3y.R(z,y))

Construct a single first-order model that satisfies the following formulas:

Jryz.(Man(z) A Woman(y) A MarriedWith(x, y) A DogOf(z, 2))
Vay.(MarriedWith(z, y) — MarriedWith(y, z))
Vzy.(DogOf(z, y) — Dog(y))

Vz.(Dog(z) — has(x, tail(z)))

Va.(Dog(x) — Jy.Loyal(z,y))

Construct a single first-order model that satisfies the following formulas:

Jzyz.(Man(z) A Tall(z) A MarriedWith(z, y) A DogOf(y, 2))
Vay.(MarriedWith(z, y) — MarriedWith(y, z))
Vayz.((DogOf(z, z) A MarriedWith(z, y)) — DogOf(y, z))
Vay.(DogOf(z,y) — Dog(y))

Vz.(Dog(x) — has(x, tail(z)))

Try to unify the following terms, where we use capital letters for vari-
ables (all the others are functions or contstants), and show the unifier
substitution when successful.



a(b,c) =" a(X,Y)

a(X,c(d, X)) =" a(2,¢(d,Y))

a(X,Y) ="a(b(c,Y), Z)

tree(left, root, Right) =" tree(left, root, tree(a, b, tree(c, d, €)))
p(X,9(X),Y) =" p(a, g(X),b)

© X NSO WD

,_.
e
<

e e e e e
SR
SRR R R R
AAA/—\/\C/\/—\/—\,—\,—\

H
\]
E
=
—
(@)
S
3
2
~
<!
3
<
I
'~
e
=
—
N
=

18. p(X, Z) =" p(f(Z),a

e Show that ¢ does not entails 1 by producing, in each case, a model where
the left formula is true and the right formula is false.

® (U

Jz.P(x, x) = | P(a,b)

Jz.P(x, x) ¥ | P(a,a)
Va.P(f(z),9(2)) ¥ | P(f(a),a)
Va.P(f(z), f(g(2))) | ¥~ | P(f(a), f(g(b)))

e Given the following set of formulas:
Vay.(R(z,y) vV R(y, x))
Jzy.(P(z) A —P(y))
Vay.(P(z) — —R(x,y))
Vay.(R(z,y) — R(y, z))
— Apply Skolemization and obtain the corresponding set of clauses.

— Use resolution to prove that the set is inconsistent.

e Given the following set of formulas:
Vay.(R(z,y) — (P(y) V Q(y)))
Vay.(R(z,y) — ~P(y))
Jry.(R(z, y) A —~Q(y))
— Apply Skolemization and obtain the corresponding set of clauses.

— Use resolution to prove that the set is inconsistent.



