
Models of Computation

Endterm Exam on May 29, 2012

Exercise 1 (7)

Given any monotone function f : N⊥ → N⊥, prove that f⊥N⊥ = f(f⊥N⊥).
Now, given the closed, well typed HOFL term rec x.t : int, prove that its denotational semantics
is either ⊥N⊥ or [[t]]ρ[d/x], independent of d.

Exercise 2 (8)

Prove in CCS by rule induction that P (p
µ→ q)

def
= Φ(p)

Φ(µ)→ Φ(q) for every permutation Φ of
free names (restricted names are bound and α-convertible, namely they are not free). Notice

that, since permutations form a group, we also have that Φ(p)
Φ(µ)→ Φ(q) implies p

µ→ q. Finally,
prove that p[Φ] ' Φ(p), where [Φ] is a CCS construct, while Φ( ) is a permutation operation.

Exercise 3 (7)

Prove that in the π-calculus !p
•∼L p|!p. Consider then the alternative definition:

p
α→ q

!′p
α→ !′p | q

and prove in detail that for p = ((y)xy.nil) + x(z).nil we have !′p 6 •∼E p|!′p.

Exercise 4 (8)

Define formally the notion of bisimulation/bisimilarity for simple Segala automata. Then apply
the partition refinement algorithm to the automaton below to check which are the bisimilar
states.
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