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1. Applying the implication graph determine whether the following proposition in 2-CNF is
satisfiable or not; and if yes, find a satisfying assignment.

(p0 ∨ p2) ∧ (p0 ∨ ¬p3) ∧ (p1 ∨ ¬p3) ∧ (p1 ∨ ¬p4) ∧ (p2 ∨ ¬p4) ∧ (p0 ∨ ¬p5)∧
(p1 ∨ ¬p5) ∧ (p2 ∨ ¬p5) ∧ (¬p1 ∨ ¬p6) ∧ (p4 ∨ p6) ∧ (p5 ∨ p6) ∧ p1

2. Applying unit propagation determine whether the following Horn formula is satisfiable; and
if yes, find a satisfying assignment.

(¬p1 ∨ ¬p3 ∨ p2) ∧ (¬p1 ∨ p2) ∧ p1 ∧ (¬p1 ∨ ¬p2 ∨ p3)∧
(¬p2 ∨ ¬p4 ∨ p1) ∧ (p4 ∨ ¬p3 ∨ ¬p2) ∧ (¬p4 ∨ p5)

3. Consider a theory T = {¬q → (¬p∨q), ¬p→ q, r → q}. Which of the following propositions
are valid, contradictory, independent, satisfiable, equivalent in T?

(a) p, q, r, s

(b) p ∨ q, p ∨ r, p ∨ s, q ∨ s
(c) p ∧ q, q ∧ s, p→ q, s→ q

4. Consider an infinite theory T = {pi → (pi+1 ∨ qi+1), qi → (pi+1 ∨ qi+1) | i ∈ N} over var(T ).

(a) Which propositions in the form pi → pj are logical consequences of T?

(b) Which propositions in the form pi → (pj ∨ qj) are logical consequences of T?

(c) Determine all models of the theory T .

5. Prove or disprove (or find the correct relation) that for every theory T and propositions ϕ,
ψ over P it holds

(a) T |= ϕ, if and only if T 6|= ¬ϕ
(b) T |= ϕ and T |= ψ, if and only if T |= ϕ ∧ ψ
(c) T |= ϕ or T |= ψ, if and only if T |= ϕ ∨ ψ
(d) T |= ϕ→ ψ and T |= ψ → χ, if and only if T |= ϕ→ χ

6. Prove or disprove (or find the correct relation). For every theories T and S over P

(a) S ⊆ T ⇒ θP(T ) ⊆ θP(S)

(b) θP(S ∪ T ) = θP(S) ∪ θP(T )

(c) θP(S ∩ T ) = θP(S) ∩ θP(T )

7. Let |P| = n and ϕ ∈ VFP with |M(ϕ)| = m.

(a) What is the number of nonequivalent propositions ψ such that ϕ |= ψ or ψ |= ϕ?

(b) What is the number of nonequivalent theories over P in which ϕ is valid? What is the
number of nonequivalent complete theories over P in which ϕ is valid?

(c) What is the number of nonequivalent theories T over P such that T ∪{ϕ} is satisfiable?

(d) Let, moreover, {ϕ,ψ} be an unsatisfiable theory with |M(ψ)| = p. What is the num-
ber of nonequivalent propositions χ such that ϕ ∨ ψ |= χ? What is the number of
nonequivalent theories in which ϕ ∨ ψ is valid?

8. Find tableau proofs of the following tautologies.
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(a) (p→ (q → q))

(b) p↔ ¬¬p
(c) ¬(p ∨ q)↔ (¬p ∧ ¬q)
(d) (p→ q)↔ (¬q → ¬p)
(e) (p→ (q → r))→ ((p→ q)→ (p→ r))
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