
Models of Computation

Written Exam on January 10, 2012

(MOD students: Exercises 1-5, 180 minutes Previous TSD students: Exercises 1-3, 120 minutes)

Exercise 1 (7)

Consider the command IMP while b do c for n times, where n is a natural number (not a
location), with the following operational semantics:

< b, σ >→ F

< while b do c for n+ 1 times, σ >→ σ

< b, σ >→ T < c, σ >→ σ′′ < while b do c for n times, σ′′ >→ σ′

< while b do c for n+ 1 times, σ >→ σ′.

Notice that there are no inference rules for while b do c for 0 times. Prove the equivalence
between operational and denotational semantics also for the new construct, with
C[[while b do c for n times]] = Γn⊥, where as usual Γ = λϕ.λσ.B[[b]]σ → ϕ∗(C[[c]]σ), σ.

Exercise 2 (6)

Given the complete partial ordering with bottom (D,v), consider the structure < S,⊆>, where
S is the class of convex subsets S of D, namely such that d1 v d2 v d3 and d1, d3 ∈ S implies
d2 ∈ S, and where ⊆ is set inclusion.
Prove that < S,⊆> is (i) a partial ordering, (ii) complete, and (iii) with bottom.

Exercise 3 (7)

Consider the HOFL term t = rec x.((λy.if y then 0 else 0) x) and determine its type. Then
compute its operational and denotational semantics, checking their equivalence. Finally, find a
term t′ : int, with x free in t′, such that [[rec x.t′]]ρ is different than ⊥N⊥ .

Exercise 4 (4)

Consider the π-calculus, and prove that: (i) x /∈ fn(P ) ⇒ (x)P ≡ P , where ≡ is structural
equivalence (defined by the axioms in the lecture notes); and (ii) P ∼ Q 6⇒ fn(P ) = fn(Q),
where ∼ is any of the bisimilarities defined for π-calculus processes. (Hint: for the second property,
consider a process where an additional free variable occurs only in a deadlocked subprocess.)

Exercise 5 (6)

Let non-stopping, reactive, probabilistic labelled transition systems (PLTS) be the reactive PLTS
with α : S → L → D(S) (rather than α : S → L → (D(S) + 1)). Prove that all the states
of a non-stopping, reactive PLTS are bisimilar. Then give the definition of bisimilarity also for
generative PLTS. Furthermore, consider the non-stopping subclass of generative PLTS and show
an example where some states are not bisimilar. Moreover, give the definition of bisimilarity also
for Segala PLTS, and show that Segala bisimilarity reduces to generative PLTS bisimilarity in the
deterministic case (namely when, for every state s, α(s) is a singleton).


















