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Tutorial 1 - Solutions

Exercise 1

The possible values stored in the variablarel or 6. Note that there arfour different executions.

Exercise 2

SinceRUF is indeed a reflexive relation and contaiRsit suffices to show thaRU E' is minimal. Suppose
R is a binary relation such that (i € R” and (ii) R” is reflexive. We will show thair U E C R”.
Let (z,y) € RU E. Then at least one of the following must hold. Eitiery) € R or (z,y) € E. If
(z,y) € R, then(z,y) € R” because of (i). Ifz,y) € E, thenz = y so(z,y) € R” because of (ii).
HenceRUE C R”.

Exercise 3

e Let(z,y) € RURL If (z,y) € Rthen by the definition o1, (y,z) € R~1, which establishes
that(y,z) € RUR™L. If (z,y) € R~! then by the definition o271, (y, z) € R, which establishes
that(y,z) e RUR™ L.

e Arguing thatRU R~! is a symmetric closure at is done similarly to Exercise 2. Lét” be a binary
relation that contain® and is symmetric. Then it is easy to see tRat R~ C R” by arguing as
in Exercise 2.
Exercise 4*

e — Proc={s,s1,82,83}
— Act = {a}

- 5= {(s,51), (51,82), (52, 83), (53,5)}
In the following three diagrams the dotted arrows indicate the pairs of states that must be added to
the relation—= in order to obtain the indicated closures.
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Example 5

For example like this:
cwm & coin.(coffee.CM’ 4+ CM’ + fail.Nil) + fail. Nil

Example 6
e Yes, there are at mogProc|? elements in-"-.
e An LTS with four states and two actions (you probably have a different one).
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e CCS description of the LTS

def

Sl = a.Sg
def
Sy = a.S3+b.5,
S5 b5,
S4 déf a.S4

e Describing a finite LTS using CCS can be done as follows. For éaeh Proc add a (possibly
recursive) definition of a new process constéras follows:

— If S —~ then add the defining equaticihdﬁf Nil, otherwise
—lets 25 8, § 25 8, ..., S X4 S, be all the transitions going out &f. Then add the
following defining equatiors < a;.51 + a2.S2 + - - - + an.Sh.



