First Partial Exam - Discrete Event Systems - 29.11.2012

Exercise 1

The activities of a small consulting firm are organized in projects. Given the small dimensions,
the firm may carry on only one project at a time, but luckily its services are much appreciated
by the customers, and therefore the firm may start a new project immediately after the end of
another. Each project is organized in four tasks 17, Ts, T3 and Ty. Task T precedes task T5.
Task T3 starts simultaneously with task 77, and may be performed in parallel with tasks T
and T5. Task T} starts only when the other three tasks have been completed.

1. Define a logical model (€, X, T, f,z¢) of the activities of the consulting firm, assuming

the startup of the project (when tasks 77 and T3 are launched) as the initial state.

2. Assume the following durations for the four tasks, expressed in days:

Project #1 | Project #2 | Project #3 | Project #4
Ty 5 12 3 4
T 3 6 )
T3 10 8 7 9
Ty 14 16 16 12

Construct the time diagram of the system, and compute the average project duration.

Verify the constructed time diagram using Matlab.

3. Assume that the durations of the four tasks follow uniform distributions in the intervals
[3,12] days for T3, [3,6] days for Tb, [7,10] days for T3, and [12,16] days for Ty. Using
Matlab, estimate the probability that T3 terminates before T5.

4. Assume that the durations of the four tasks follow exponential distributions with expec-
ted values 7.5 days for 17, 4.5 days for T3, 8.5 days for T3, and 14 days for T4. Compute
the probability that T3 terminates before T5.

5. Assume exponential distributions as in point 4. Show, also with the help of Matlab, if

limg_, oo P(Xy = x) exists for all z € X, and try to explain the results.

Exercise 2

Active Demand (AD) is a new concept in smart electrical grids. Upon receiving suitable price-
volume signals, customers may decide to adjust their consumption patterns in change of a
monetary reward. In a very simplified setting, consider a customer with only two controllable
appliances. The customer may receive two different AD signals. Each AD signal specifies
the maximum number of appliances that can be let operate during the period of validity of
the signal: none under signal ady, and one under signal ad;. When AD signal ady arrives,
any operating appliance is interrupted. If AD signal ad; arrives when only one appliance is
operating, the appliance is not interrupted. If AD signal ad; arrives when both appliances
are operating, one appliance is interrupted. An interrupted appliance is restarted as soon as
possible. It is assumed that AD signals may not overlap: no other AD signal may arrive while

another AD signal is active.



Assume that arrivals of AD signals ady and ad; have exponentially distributed lifetimes
with rates \g = 0.4 and \; = 1.5 arrivals/day, respectively. Periods of validity of the AD
signals are exponentially distributed with expected value 2 hours. Lifetimes of the event of
start of an appliance are exponentially distributed with expected value 8 hours. Durations of

appliance programs follow an exponential distribution with rate p = 0.5 programs/hour.

1. Model the AD mechanism through a stochastic state automaton (€, X,I,p,xzq, F),

assuming that no appliance is operating and no AD signal is active at time ty = 0.

2. Assume that both appliances are operating. Compute the probability that both ap-

pliances complete operation after at most three events.

3. Assume that both appliances are operating. Compute the probability that, in two hours,

no AD signal arrives and both appliances complete operation.

4. Compute the expected value of the sojourn time in a state where one appliance is

interrupted and the other is operating.

Instructions about Matlab files
At the end of the exam, please copy into the folder \\Sunto\Esami\Discrete Event Systems
the following files:

e script firstname_lastname_ex1_p2.m relative to point 2 of Exercise 1;
e script firstname_lastname_ex1_p3.m relative to point 3 of Exercise 1;
e script firstname_lastname_ex1_p5.m relative to point 5 of Exercise 1.

Warning! During the exam, save the files in your local folder, and only at the end copy

them in the above specified folder. The system prevents from overwriting.
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