Discrete Event Systems
Course code: SSY165

Examination 2011-10-20

Time: 14:00-18:00, Location: V-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 will be announced latest on Thursday November 3 on
the notice board of the division, at the entrance in the south east corner on floor 5 of
the E-building. Inspection of the grading is done on Thursday November 3 and Friday
November 4 at 12:30-13:00.

Allowed aids at the examination:

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

e Pocket calculator.

Good luck!

Department of Signals and Systems
Division of Automatic Control, Automation and Mechatronics
Chalmers University of Technology




1
Show that the following set expression isvalid for all elementsin the universal set

(ACB)N(AU~B))U((AUB)N(AUB U ~A))

(3p)
2
Two discrete event subsystems A, and A, are modeled by the following marked formal
languages

Ly(Ar) = (a(a+b))"
L, (A2) = (ac)*

a) Generate an automaton for the synchronized system A, ||A; when b ¢ ¥4, and
C g EAI.
(2p)

b) Generate aformal language for the synchronized system A, || A,
(1p)

c) Generate aPetri net for the synchronized system A, || A, and the related incidence
matrix A, defining the weights of the arcs between the input transitions and their
output places, and A, defining the weights of the arcs between the input places
and their output transitions, as well as the initial marking vector m. 20)

Y

3

Generate a controllable and nonblocking supervisor for aplant P = P, || P,|| Ps, where
the automaton for the subplant P, has the transition relations

€41 €i2 €i3
qi1 — 4i2, ¢i2 — i3, i3 — {51

The state ¢;; istheinitial state but also the marked state, the event e, is uncontrollable
while the events e;; and ¢;3 are controllable, and the synchronized state (¢;3, g3, g33)
is forbidden.

(Gp)



4

Consider the plant P in Task 3. A discrete state-space model with a state vector
T T

x = [r; xp x3] andaneventvectore = [e; ey es]  canbe generated by rep-

resenting the states in each plant P; by an integer such that x; = ¢ corresponds to the

state ¢;.. The event signal e¢; = ¢ when the event e;, occurs, and otherwise e; = 0.

a) Generate a state vector model z(t;7) = f(z(t), e(tx)) for the plant P, where the
following type of syntax for mixed integer logical expressions is recommended.
The expression x x (e = ¢) isequal = when e = ¢, and zero when e # /.

(2p)

b) Add aguard condition to the state vector model such that the transition ¢;; i

can only be executed when the other two subplants are in their initial states g;;.
(1p)

5

Consider two systems given by the languages

L(Py)
L(P)

a(f 4+ b)cr
a(f + c)c*

Assumethat the event f isafailure event which isnot observable, whiletherest of the
events are observable. Determine observers for the two systems that only include the
observable events. The goal isto decideif thefailure event f has happened. Show that

thisispossible for P, but not for P, which meansthat P, is diagnosable but not P,.
(3p)

6
The temperature of a system is modeled by afirst order differential equation
(t) = —ax(t) + bu(t)

where the control signal w(¢) is switched to one when = < 19° and switched back
to zero when x > 21°. Generate a hybrid automaton for this mixed continuous and
discrete system, which is called a thermostat.

(2p)



7

Consider a queueing system where the arrival rate of jobs is A and the service rate
of jobsis u. The discrete states in the system are the number of jobs in the system,
where state ¢; corresponds to j jobs. Assume that the maximum number of jobsin the
system including buffer and server istwo (three states in the continuous-time Markov
process).

a) Determine the stationary state probability for the three states, i.e. the probability
that there are zero, one or two jobs in the system. Express the probabilities as
function of the utilization factor p = A/ p.

(2p)

b) Determine the average number of jobsin the system IV as afunction of p, and give
specific valuesfor p = 0.5 and 0.9.
(2p)
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