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Exam

(P1) [1.5 points] Let L be a first-order language that contains

• two unary relation symbols S, T ;

• a unary function symbol f ;

• a constant symbol c.

Find prenex normal forms for the following formulas of L:

ϕ := ∀xS(x) ∧ ¬∃yS(y),

ψ := ¬∀y (f(y) = c→ ∃xS(x)) → (∃xT (x) ∨ ∀yT (y)) .

(P2) [2 points] Let p, q ∈ PROP . Verify if the following formulas are valid in the class of
all frames for ML0:

(i) �(p ∧ q) → (�p ∧�q);

(ii) �p→ p.

(P3) [1.5 points] Prove the following for any formulas ϕ, ψ of ML0:

(i) `K �ϕ→ (�ψ → �ϕ);

(ii) `K ψ → ϕ implies `K ♦�ψ → ♦�ϕ.

(P4) [1.5 points] Consider the model M = (W,K1,K2, V ) for epistemic logic represented
as follows:
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Verify if the following are true:

(i) M, t  K1p;

(ii) M, t  ¬K2¬K1p.

(P5) [1.5 points] Let Mc be the model describing the simple card game. Prove the
following:

(i) Mc, (A,B) � 1A ∧ 2B;

(ii) Mc, (A,B) � K1¬K21A.

(P6) [1 point] Let M be the model for the muddy children puzzle with n = 3. Prove the
following:

(i) M, (1, 0, 1)  K1¬p2;

(ii) M, (1, 0, 1)  K2p3.
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