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[10 marks] 1. What further truth values can be deduced from those given, if

(a) v(p ∧ q) = T and v(¬(p ∧ q)↔ (¬p→ ¬q)) = F?

(b) v((p→ ¬q)→ (r → q)) = F?
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[10 marks] 2. Using semantic tableaux for propositional logic, check the validity of the formula:

(B ∨ ¬A)→ ¬(A→ ¬B)
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[10 marks] 3. Show that the following predicate formula is not valid (p is a binary predicate symbol

[∀x∀y(p(x, y)→ p(y, x)) ∧ ∀x∀y∀z(p(x, y) ∧ p(y, z)→ p(x, z))]→ ∀xp(x, x)

by finding a counterexample.
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[10 marks] 4. Given is the proof of the valid formula

` ∀x(B(x)→ C(x))→ (∀xB(x)→ ∀xC(x))

in the Hilbert proof system H for predicate logic.

Step Formula Justification
1. ∀x(A(x)→ B(x)),∀xA(x) ` ∀xA(x)

2. ∀x(A(x)→ B(x)),∀xA(x) ` A(a)

3. ∀x(A(x)→ B(x)),∀xA(x) ` ∀x(A(x)→ B(x))

4. ∀x(A(x)→ B(x)),∀xA(x) ` A(a)→ B(a)

5. ∀x(A(x)→ B(x)),∀xA(x) ` B(a)

6. ∀x(A(x)→ B(x)),∀xA(x) ` ∀xB(x)

7. ∀x(A(x)→ B(x)) ` ∀xA(x)→ ∀xB(x)

8. ` ∀x(A(x)→ B(x))→ (∀xA(x)→ ∀xB(x))

Provide appropriate justification for each step of the proof. You may use any fact about the system H mentioned in
class or stated in the textbook.
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[10 marks] 5. Convert the following predicate formula into a PCNF:

∀x(∀y q(x, y)→ p(x))→ ∀xp(x)
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[10 marks] 6. Using the algorithm(s) of your choice check whether the following pairs of literals are unifiable or not. For
those pairs that are unifiable, find the most general unifier.

(a) P (a, x, f(g(y))) and P (y, f(z), f(z)).

(b) Q(a, x, f(g(x))) and Q(z, h(z, u), f(u)).
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[10 marks] 7. Using resolution in predicate logic, show that the following set of clauses is unsatisfiable:

{¬P (x) ∨ ¬P (f(a)) ∨Q(y), P (y), ¬P (g(b, x)) ∨ ¬Q(b)}

8



[10 marks] 8. (SLD-Resolution) Consider the following logic program

1. p(y)← q(x, y), r(y).
2. p(x)← q(x, x).
3. q(x, x)← s(x).
4. r(b).
5. s(a).
6. s(b).

and assume that the computation rule always selects the leftmost literal for unification, while the search rule is top-to-
bottom.
(a)Draw the SLD-tree for the given goal

← p(x)

(b) What are the computed answer substitutions?
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