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Exercise 6.1 Herbrand universe

(a) For each of the following formulas, give the Herbrand universe.

i) P(z) = P(c) f 0 j

(1) AIll constants occurring in F belong to [D(F); if no constant
occurs in F, then a € D(F).

(2) For every n-ary function symbol f occurring in F, if
t1,.t2.--.,t, € D(F) then f(t,.to,....¢t,) e D(F).

i) P(z) = Q(f(z).9(c)
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(b) What properties must hold for a finite formula, such that the resulting Herbrand universe is finite?
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Exercise 5.2 Modelling
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(b) Give a model A of your formula where the universe [/ 4 contains at least the two distinet objects a. b,
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(¢) Is the following a model of your fornmla? U4 = N, IsEmpty” = {0}, push”(z,5) = (22 + 1) - 2%, pop*(s) = max{k €
I | 2% divides s}, top(s) = max{0, [El.r"a:}p"q[s:l - 1)/2}.
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Exercise 6.2 Gilmore

(a) Prove the validity of the following formula using Gilmore's algorithm:

(Yz.P(z, f(z))) = (3y.Pl(c.y))
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until (Fy A Fs A ... A F,) is unsatisfiable;
L _)(7(%(. P ) report “unsatisfiable” and halt.
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(b} Formalize the following propositions in first-order logic and use Gilmore to show that 1) implies ii):

P

i) Professor p is happy if all his students like logic.

ii) Professor p is happy if he has no students.
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Exercise 6.4 (Ground resolution

Yy.Q(f(a), fy)) A Yzy.(Q(y. f(y)) = P(f(z),g(y.,b)))
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Exercise 6.5 Fun with equality Vz(f(z,n) = z)

A Vz(fln.z) = z)

A YzvyVa(f(z, f(y.2)) = f(f(z.y). 2))
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(a) Transform G into Skolem form. Let H be the resulting formula.
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(b) Determine from the Herbrand expansion E(H) a Herbrand model A for H, i.e., derive a suitable interpretation Eq"d‘

over D(H).
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Exercise 6.5 Fun with equality Vz(f(z,n) = z) }
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Exercise 6.6 Monadic predicate logic

Monadic predicate logic is predicate logic with the restriction to only use monadic (i.e. arity one) predicates and no function

4

symhbols. A formula which tulfills this restriction is called a monadic formula.

(a) Show that each monadic formula F is equivalent to a monadic formula G without nested quantors.
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(b) Give a decision procedure (i.e. one that always terminates) for deciding whether a given monadic formula F is
safisfiable.
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Exercise 6.3 The Drinker Paradox

that there is someone in this pub, that if he is drinking, eve







