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Solutions

This exam consists of 5 exercises. Explain your answers. You can reach 100 points and need 50 to pass.

1. Consider the propositional variables x1, . . . , x4.

(a) Give a propositional formula expressing that exactly one of the variables evaluates to true.(10)

Solution.

(x1 ∧ ¬x2 ∧ ¬x3 ∧ ¬x4) ∨
(¬x1 ∧ x2 ∧ ¬x3 ∧ ¬x4) ∨
(¬x1 ∧ ¬x2 ∧ x3 ∧ ¬x4) ∨
(¬x1 ∧ ¬x2 ∧ ¬x3 ∧ x4)

(b) Encode the same property in LIA. Each variable x1, . . . , x4 may only occur once in your(10)
formula.
Hint: Use “if-then-else”.

Solution. (x1 ? 1 : 0) + (x2 ? 1 : 0) + (x3 ? 1 : 0) + (x4 ? 1 : 0) = 1

2. Consider the PB constraint C := 3x1 + 3x2 + 3x3 ≤ 9.

(a) Compute the (interval) BDD representation for C (using the descending variable order).(10)

Solution. As C is trivially true the BDD is degeneratd. Node x1 has interval [9,∞), node
x2 has interval [6,∞), and node x3 has interval [3,∞).

(b) Construct PW (C). Give also the values for T , m, and p.(10)

Solution. We have p = 1, T = 1, and M = 5.

(c) Test PW (C) for the partial assignment x1 = x2 = 1.(5)

3. (a) Apply the abstraction based decision procedure on the following bitvector formula (over N).(15)
Start with initial bitwidth 1 and always double it when increasing. You do not have to give
all details (i.e., bitblast to SAT) but give Φ, C, and Φ in each iteration.

((a8 &b8) > (a8 |b8)) ∧ (c8 = 78) ∧ (d8 ÷ f8 = e8)

(b) Find a bitvector formula where the abstraction based decision procedure is only successful(7)
when using the full bitwidth for all bitvector variables.

4. Consider the sets
M1 = {studied},
M2 = {blackout},
M3 = {passed},
and the ASP P :

passed← prepared, not blackout

prepared← studied, not amnesic

studied
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For 1 ≤ i ≤ 3:

(a) Compute the reduct of P wrt. Mi.(12)

(b) Determine if Mi is an answer set of P .(9)

Solution.

reduct answer set

M1 passed ← prepared, prepared ← studied, studied 3

M2 prepared ← studied, studied 7

M3 passed ← prepared, prepared <- studied, studied 7

5. Indicate for each of these statements if they are true or false.(12)
(Correct answer: 2 points – wrong answer: 0 points)

(a) For every PB constraint the GPW encoding produces a polynomial size CNF.

Solution. True

(b) For every propositional formula Tseitin’s transformation produces an equivalent CNF.

Solution. False

(c) The (interval) BDD for a PB constraint is always polynomial when using the ascending
variable order.

Solution. False

(d) For every LIA formula there is an equivalent NIA formula.

Solution. True

(e) For every bitvector formula there is an equivalent LIA formula.

Solution. True

(f) Bit-blasting LIA to CNF is sound and complete.

Solution. False


