Endterm test of Discrete Event Systems - 10.12.2019

Exercise 1

The professor of Italian literature of the University of Nowhere does not have fixed office hours.
Students can knock on his door and, if he is available, he receives them. The professor receives only
one student at a time. If he is busy with a student, he gently rejects the requests of other students.
A student received by the professor can be asked to sit in the office and wait for the professor to

terminate his previous task before he answers the student’s questions.

1. The professor arrives at 9AM. Assume that students come to the professor’s office at 9:45AM,
10:03AM, 10:18AM, 10:50AM, 11:20AM, 11:37AM, 12:08PM, 1:58PM, 2:23PM and 2:40PM,
and the professor receives only the first, third and fourth student among those coming when
no student is in the office. The second and third student received by the professor wait
respectively 10 and 12 min in his office. The time for answering all the student’s questions
is 50 min, 65 min and 42 min for the three students. The professor goes home after he has

answered all the questions of the last student. What time does he leave his office?

In the following, assume that students come to the professor’s office as generated by a Poisson
process with average interarrival time equal to 45 min. If a student comes when the professor is not
busy with another student, the probability to be received is p = 5/8. Moreover, if the student is
received, the probability that he has to wait in the office is ¢ = 1/3. The waiting time in the office
is uniformly distributed over the interval [5.0,12.0] min. The time that the professor dedicates to
answer the questions is fixed for all the students and equal to T" = 30 min. No student is initially

in the professor’s office.
2. Model the system through a stochastic timed automaton (£, X,T,p, zg, F).

3. The professor arrives at 9AM. Compute the probability that only one student comes between
9AM and 10AM, he is received by the professor, and he leaves the professor’s office no later
than 10:15AM.

4. If a student is received by the professor, compute the probability that the student arriving

next is also received by the professor.

5. Compute the average time spent by a student in the professor’s office.

Exercise 2

Two lakes are connected by two canals, as shown in the figure. Boats go from Lake A to Lake B.
Canal #1 is divided into two parts by a lock (a device used for raising the boats from the level of
Lake A to the level of Lake B). Canal #2 is not interrupted by locks (only one part). Travel time
of the first part of canal #1 is exponentially distributed with expected value 12 min. It is assumed
that raising the boat in the lock takes a negligible time, as well as stopping and accelerating the boat
before and after the lock, respectively. Travel time of the second part of canal #1 is exponentially
distributed with expected value 6 min. Travel time of canal #2 is exponentially distributed with
expected value 48 min. It is forbidden that two or more boats use simultaneously the same canal.

There are always boats waiting in Lake A for transit to Lake B.



Normally, canal #2 is not used, unless the automatic mechanism of the lock of canal #1 fails.
In that case, manual maneuvering of the lock is activated and canal #2 is opened. When a boat in
transit in canal #2 reaches Lake B, the navigation in canal #2 is closed again if the navigation in
canal #1 is regular (that is, manual maneuvering is not activated). Let the automatic mechanism
of the lock of canal #1 fail with probability p = 1/6. Moreover, assume that the duration of the

manual maneuvering of the lock is exponentially distributed with expected value 30 min.

canal #2

Lake A / Lake B

canal #1 ‘

lock

1. Model the system through a stochastic timed automaton (€, X', T, p, zg, F'), leaving the initial

state unspecified.
2. Compute the average duration of the transit of a boat in canal #1.

3. Assume that a boat is in the first part of canal #1 and canal #2 is closed. Compute the
probability that the automatic mechanism of the lock fails, but the boat navigating canal #1

reaches Lake B before the one navigating canal #2.

4. Assume that a boat is in the first part of canal #1 and canal #2 is closed. Compute the
probability that another boat may enter canal #1 before one hour and, if applicable, before
that a boat navigating canal #2 reaches Lake B.

Exercise 3

N = 3 mobile robots move randomly in an environment composed of two rooms (say room A and
room B) connected by an open door. During a sampling time, each robot can change room at most
once. This occurs with probability p = 2/5 from room A to room B, and with probability ¢ = 5/8

from room B to room A.

1. Model the system through a discrete-time homogeneous Markov chain, assuming that all the

robots start from room A.

2. Compute the average number of robots in room A at steady state. Could you guess this value

in terms of N, p and ¢?

3. Compute the probability to find all the robots simultaneously in room B for the first time

after five sampling times.

4. Compute the average number of sampling times to find all the robots simultaneously in

room B.

5. Compute the probability that all the robots visit room B at least once during the first five

sampling times.
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5. The three vobots wove independantly,
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