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Important: for submission, consult the rules at the end of the exercise. Non-
adherence to the rules will lead to your submission not being corrected.

Exercise 9.1 (2 marks)

Compile the formula χ =
(

(A ∨ ¬C) →
(
¬C ∧ (¬A ∨ B)

))
to CNF by applying the logical

equivalences from slide 24 of chapter 29 in the print version of the lecture. You may additionally
consider commutativity (1) and associativity (2):

ϕ ∧ ψ ≡ ψ ∧ ϕ and ϕ ∨ ψ ≡ ψ ∨ ϕ (1)

((ϕ ∧ ψ) ∧ η) ≡ (ϕ ∧ (ψ ∧ η)) and ((ϕ ∨ ψ) ∨ η) ≡ (ϕ ∨ (ψ ∨ η)). (2)

Provide all intermediate formulas that result from applying an equivalence transformation, as
shown in the example below. If you use commutativity or associativity, you do not need to
provide the corresponding steps.

χ′ = (¬(A ∨ ¬B) ∨ ¬(C ∧D))

≡ ((¬A ∧ ¬¬B) ∨ (¬C ∨ ¬D)) (De Morgan)

≡ ((¬A ∧B) ∨ (¬C ∨ ¬D)) (double negation)

. . .

Exercise 9.2 (3 marks)

In the lecture, we have shown that the resolution method can be used for reasoning by a reduction
to testing unsatisfiability. In this way, use the resolution method to show that ¬E ∧ (B ∨ D)
follows logically from {{A,D,E}, {A,B,¬E}, {¬A,B}, {¬B,C}, {¬C}}. Compare the number of
required resolution steps with the number of entries that would have been necessary to show the
same result with a truth table.

Exercise 9.3 (2+1 marks)

(a) Perfom DPLL on

{{¬A,C}, {A,B,E}, {¬B,¬D}, {¬B,¬E}, {¬C,D,E}, {B,¬C,E}, {B,¬E}}

choosing variables alphabetically (also for unit propagation if there are several choices) and
always assigning T first for splitting.

(b) Would always assigning F first result in a smaller tree?



Exercise 9.4 (1+1 marks)

We investigate phase transitions for arbitrary CNF formulas with n variables, m clauses, and k
variables in each clause.
If we vary m while fixing n and k, then large values for m represent an over-constrained region
since all else being equal having more clauses means having more subformulas connected by a
logical and, which constrains the formula more.
For the following variations, do large values for the non-fixed variable lead to an under-constrained
or over-constrained region? Justify your answer.

(a) Varying k while fixing n and m.

(b) Varying n while fixing m and k.
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