Discrete Event Systems
Course code: SSY165

Examination 2021-10-23

Time: 8:30-12:30, Location: M-building
Teacher: Bengt Lennartson, phone 3722

The examination includes 25 points, where grade three requires 10 points, grade four
15 points and grade five 20 points.

The result of this examination is announced and inspection of the grading is done on
Wednesday November 10 and Thursday November 11, 12:30-13:00 by Zoom.

Allowed aids at the examination:

¢ Standard mathematical tables such as Beta, see also formulas in the end of this
examination.

¢ Pocket calculator.

Good luck!
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1

Prove the following predicate equivalence
Va[P(x)] = Vz[Q(x)] < Vo Iy[P(y) = Q(z)]

and give an intuitive explanation of this equivalence. (GBp)

2

For a given universal set {2, prove the following set expression implication
ACB= (~AUB)N(BU~A\B)=0Q

by only using equivalent set expressions. Hint: For the subset expression, use the fact
that ACB& AUB=EB Gp)

3

Consider the following automata models for a common resource 12 and a machine M.
o« B ¢ Y b

D (2) 6

b ' (»)

a) For the resource R , give the formal language £(R) as well as the marked language

Ln(R). (1p)
b) Formulate a Petri net for the synchronized system R || M, including the marking
vector for the synchronized marked state 2p)
c) Generate the automaton R || M. 2p)

d) Add one or more arcs in the Petri net for R || M to avoid the blocking state. (1 p)



4

A temporal logic supervisor includes all those states in a transition system G that
satisfy a temporal logic formula ¢. Use p-calculus to determine a temporal logic
supervisor automaton for the plant G' below which satisfies the formula

¢ =30(q VvV r)AI0p.

Thus, formulate an automaton that only includes those states in G where ¢ is valid.
Hint: The conjunction can in this example be handled by solving two separate j-
calculus problems.

{a}

Gp)
5

Consider the automaton G, including immediate rewards p(z,a) on each transition
from state = with action a.

Determine the relation between the rewards p, > 0, p. > 0, p; > 0, and p. > 0 for
which the action b is the optimal choice that maximizes the total reward

Z ”)/kp(l’k, ak)
k=0

for an arbitrary discounting factor 0 < vy < 1. 4p)



6

To reduce the number of states, local events that are not involved in any other subsys-
tems can be replaced by the hidden event 7. Any 7 transition can then be removed
when no alternative transitions are involved in the source state of such 7 transitions,
and the source and target states have the same state label. Removing a 7 transition
means that the source and target states are merged into one state.

Apply this reduction principle on the following synchronized system

G| G2 Gs]| Gy,

where the individual transition systems are given below, and local 7 transitions are
identified and removed before every synchronization. Show that the final reduced
system

(GGG 1 Ga)?

only includes three states where one state is a blocking state. The reduction (abstrac-
tion operator) A on any automaton includes the replacement of local events with 7,
followed by the state reduction.

G1 l Go i Gy
ai b1 €1 d
bl . 0
{p}
az by

(4p)
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