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1. Consider the following argument. “If I am clever and do the homework, then I can
solve the exercise. If I fail the exam, then I cannot solve the exercise. I am clever.
Therefore, if I do the homework, then I pass the exam.”

(a) Formalise the above argument using propositional logic. (8 marks)

(b) How many possible valuations are there for the atomic propositions occurring
in the formulas in your solution to the previous item? (4 marks)

(c) Using the semantic tableaux method determine whether the argument is valid.
(13 marks)

2. A frame F = (S, R) is called serial if, for every possible world, there is at least one
possible world it is related to, i.e.,

(∀s ∈ S)(∃t ∈ S)sRt.

Consider the following formula

serial: 2ϕ → 3ϕ.

(a) Prove that the formula serial is valid in serial frames. (8 marks)

(b) Show that F |= serial implies that F is serial. (12 marks)

(c) Call a model M = (F , V ) serial if and only if the underlying frame F is serial.
Determine whether M |= serial implies that M is serial. (5 marks)

3. Consider the following variant of the muddy children puzzle. There are five children
and the father’s public announcement is that

“there are more muddy children than clean children”.

Assume that every child is healthy, intelligent and truthful, and that the rules of the
game are common knowledge.

(a) Describe the Kripke frame representing the children’s knowledge after the father
has spoken. (10 marks)

(b) Using epistemic logic, determine what happens in the subsequent rounds when
the father requests: “Raise your hand if you know whether you are muddy”.

(15 marks)

4. Consider the following facts. “Alice has two sons, Bob and Carl. Dan is the father
of both Bob and Carl. Bob is clever and Carl is not.”
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(a) Design a knowledge base Σ expressing the above facts. (5 marks)

(b) Decide whether the following is true:

Σ |= ∃hasSon.(Clever ↔ ∃hasFather.Clever)(Alice)

(10 marks)

(c) Let ϕ be the formula ∀hasSon.Handsome → ∃hasSon.Handsome. Determine
whether

Σ |= ϕ(Alice) and ∅ |= ϕ(Alice)

where ∅ denotes the empty knowledge base. (10 marks)
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