
Models of Computation

Endterm Exam on May 29, 2013

Exercise 1 (9)

If C(t) means that t is a canonical term, in HOFL we have C(n), C(λx.t) and
C((t1, t2)). Modify the definition of canonical term letting D(n), D(λx.t) and
D(t1) D(t2)
D((t1,t2))

. Then modify the operational semantics t→ d, where d denotes a

D-canonical term, by adding a clause for (t1, t2) → d; and the denotational
semantics, if needed, to accommodate it to the new definition. Also, prove
that t → d ⇒ [[t]]ρ = [[d]]ρ. Furthermore, find two terms t1 and t2 such that
[[t1]]ρ = [[t2]]ρ, t1 → c1, t2 → c2, t1 → d1, t2 → d2, and d1 = d2 but c1 6= c2.
Finally, find t′1 and t′2 such that [[t′1]]ρ = [[t′2]]ρ and t′1 → d′1, t

′
2 → d′2 but still

d′1 6= d′2.

Exercise 2 (12)

Find two families of CCS terms {pi}i∈ω and {qi}i∈ω and prove that pi−1 'i−1

qi−1 but pi−1 6'iqi−1, with i = 1, 2, . . ., where 'i is the ith approximation
of '. (Hint: take p2 = α.α.β.nil and q2 = α.α.γ.nil.) Also, show a family
{Φi}i∈ω of HML formulas such that Φi distinguishes pi−1 from qi−1 but not
pi from qi. Finally, find a µ-calculus formula which distinguishes pi from qi
for all i.

Exercise 3 (9)

A DT Markow star is a DTMC consisting of a center state s0 and of a family
{si}i=1,...,n of external states. The transitions are as follows, for i = 1, . . . , n:

s0
ai→ si s0

a→ s0 si
bi→ s0 si

1−bi→ si

where a+
∑

i=1,...,n ai = 1. Prove for which values of the parameters Markov
stars are ergodic, and find the steady state probabilities of all the states.
Finally, show for which values of the parameters it is possible to construct
a bisimulation with two equivalence classes (lumpings), the first a singleton
containing the center and the second all the external states. Then define the
corresponding DTMC.










