
MODELLING & V ERIFICATION 2006

Tutorial 6

Exercise 1

Show that all the usual boolean operations (¬t, t1 ∧ t2, t1 ∨ t2, t1 ⇒ t2 andt1 ⇔ t2) can be expressed
using only the if-then-else construct.

Exercise 2

• Use Shannon’s expansion law to translate the following boolean expression

(¬x1 ∨ x2) ∧ ¬(x3 ∨ x1) ∧ ¬x3

into if-then-else normal form (assume the orderingx1 < x2 < x3).

• Draw the resulting if-then-else expression as a decision graph and apply the reduction rules in order
to achieve ROBDD.

Exercise 3 (Optional)

Construct the ROBDD for¬x1 ∧ (x2 ⇔ ¬x3) with orderingx1 < x2 < x3 using the functionBuild and
show its internal representation as an array (tableT ).

Exercise 4

Construct two ROBDDs forx1 andx1 ⇒ x2 with orderingx1 < x2 and compute their conjunction using
the functionApply .

Exercise 5

Per, Kristian, Ole and Jens are to hold an Xmas-party. Unfortunately, they are almost out of money which
severely limits the amount of beer at the party. In fact, they have to make do with 1 Tuborg, 1 Carlsberg, 1
Xmas (a Danish Xmas beer), and one Carls Special. However, the four guys have individual requirements
which must be fulfilled at all costs. In particular, Per only drinks Tuborg and Carlsberg; Kristian only drinks
Carlsberg and Xmas; Ole essentially drinks everything except Xmas, and Jens can only drink Carlsberg and
Carls Special. Is it possible to plan the party drinking so that they all get something to drink?

Exercise 6

Consider a transition system with statesA, B, C andD with no labels on the edges such thatA −→ B,
B −→ C, C −→ B, C −→ C, D −→ B andD −→ C. Represent the transition system as a boolean
function and use ROBDDs to compute the set of all reachable states from the initial stateA.

Exercise 7 (optional)

Recall the notion ofconjunctive/disjunctive normal formas defined e.g. in ”An introduction to Binary
Decision Diagrams” on page 7.

• Describe a polynomial time algorithm for determining whether a formula in DNF is satisfiable.

• Describe a polynomial time algorithm for determining whether a formula in CNF is a tautology.
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