Models of Computation

Written Exam on September 4, 2012

(MOD students: Exercises 1-4, 180 minutes  Previous TSD students: Exercises 1-3, 140 minutes)

Exercise 1 (8)

1. Prove by structural induction on arithmetic expressions a the property:

x ¢ VAR(a) AlaJo =n Ala]o[k/z]=m = n=m.

2. For the commands ¢; = x1:=a; e ¢ = ¥y := ay, give sufficient conditions for
c1; ¢ and c9; ¢; to be denotationally equivalent and prove it.

Exercise 2 (8)

Given a set A, consider the partial order relations C on A. Since relations are sets, they are
ordered by inclusion C and thus they form themselves a partial ordering (PO, C). Prove
that (PO, C) is complete with bottom. Finally, prove that (C'PO, C), which includes only
the partial orderings which are complete, has bottom, but, if A is infinite, it is not complete.

Exercise 3 (7)

Consider a closed HOFL term ¢ and prove, employing both the denotational and the lazy
operational semantics (but not their equivalence!), that

recx.t=t (A\x.t) reczx) =t

while the second property does not hold for the eager operational semantics.

Exercise 4 (7)

Determine the CCS processes reachable from p = rec x.«.(z|x) considering the parallel com-
position operator NOT associative/commutative, compute the bisimilarity relation on them
and find a minimal process ¢ bisimilar to p. Then define bisimilarity for labeled CTMC.
Finally, in full analogy with the CCS case, determine the PEPA processes reachable from A,
with A %/ (a, A).(A],A) (again considering the parallel composition operator not associa-
tive/commutative), compute the bisimilarity relation on them and find a minimal process B
bisimilar to A.
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