Exam of Discrete Event Systems - 31.01.2014

Exercise 1 (both parts/only first part)

A mobile robot without steering wheels receives three types of signals from a remote controller:
STOP, FORWARD and BACKWARD. If the robot is still, sending of the signal STOP is deac-
tivated. Similarly, if the robot moves forward or backward, sending of the signals FORWARD
and BACKWARD is deactivated, respectively. A timer is associated to each signal. When the
corresponding timer expires, the signal is sent. The timer of a signal is reset every time the robot
changes state (for instance, the robot is still and starts moving forward, etc.). For the sake of
simplicity, it is assumed that the change of direction (for instance, from moving forward to moving

backward) is instantaneous.

1. Taking as origin the position of the robot at time zero with robot still, determine the po-
sition of the robot relative to the origin after 60 seconds, assuming that the robot moves
with speed v = 1 m/s in both directions, and the timers associated with the three signals
have the following durations expressed in seconds: Vsprop = {7,14,6,5,...}, VFORWARD =
{15,12,10,9,...}, VBackwarp = {20,10,8,12,15,7,...}.

Assume that the timers associated with the signals STOP and BACKWARD follow uniform distri-
butions over the intervals [7,14] and [5,10] seconds, respectively, while the timer associated with
the signal FORWARD has constant durations equal to 8.5 seconds.

2. Compute the cumulative distribution function of the state holding time when the robot moves

forward.

3. Compute the probability that the robot, initially still, moves backward and then stops again.

Exercise 2 (both parts/only first part)

Consider the production system in the figure, composed by two machines M; and M, and a unitary
buffer B. Raw parts arrive as generated by a Poisson process with rate A = 0.2 parts/minute. An
arriving part requires preprocessing in M; with probability p = 1/3. If M is busy, an arriving part
requiring preprocessing in Mj is rejected. Similarly, an arriving part not requiring preprocessing in
M is rejected if B is full. After preprocessing in M7, the part must be processed in My, provided
that My is available. If this is not the case, the pre-processed part is either stored in B (provided
that B is empty) or kept by M; (blocking state) until B becomes empty. Tasks in M; and Ms have
random durations following exponential distributions with expected value 180 and 150 seconds,

respectively.
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1. Compute the average state holding time when both machines are working and B is empty.

2. Assuming that both machines are working and B is full, compute the probability that the

system is empty before a new arriving part is accepted.



3. Compute the probability that there are five arrivals of parts in 15 minutes and all require

preprocessing in M;.

Only both parts:
4. Verify the condition A\.fs = pcyy for the system at steady-state.

5. Compute the average waiting time in B of a generic part at steady state.

Exercise 3 (only second part)

Consider the queueing network in the figure, where each node is represented by a M/M/1 queueing
system. Server S; has a service rate p; = 16 services/minute, while server So has a service
rate o = 144 services/minute. External arrivals are generated by Poisson processes with rates
A1 = 7 arrivals/minute and Ao = 1/9 arrivals/minute, respectively. A fraction p = 1/16 of parts
processed by S; is fed back to node 2, while a fraction ¢ = 1/11 of parts processed by Sy is fed
back to node 1.
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1. Determine the average system time of a generic part at steady state.

Exercise 4 (both parts/only second part)

Four players sit around a table, and are numbered from 1 to 4 clockwise. They play according
to the following rules. At each round of the game, the active player tosses two dies. If the sum
of the results is an even number different from 12, the next active player will be the one on the
right-hand side. If the sum of the results is an odd number, the next active player will be the one
on the left-hand side. Otherwise, the next active player will be the one in front of the currently

active player.

1. How many rounds of the game does a player wait on average before being active again?

Justify the answer.

2. Assuming that player 1 starts the game, compute the probability that player 4 is never active
through the first 10 rounds of the game.

3. Assuming that player 1 starts the game, compute the probability that, when player 1 will be

active again, the other three players have been active at least once.
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