Test of Discrete Event Systems - 07.01.2021

Exercise 1

The alarm system of a building is equipped with a keypad located inside the entrance door. Assume that
the alarm is active, and let time ¢ = 0 be the instant when the entrance door is opened. A security code of
three digits must be entered to deactivate the alarm using the keypad. At time ¢t = 0, a timer 77 of 15 s
starts. If the correct code is not entered before T expires, the alarm goes off. Moreover, another timer 75 of
5 s sets the maximum time to enter a new digit. If a new digit is not entered before T, expires, the system is
reset to the initial state, waiting for the complete sequence. The same occurs when a wrong digit is entered
in the sequence. Timer T5 starts the first time at time ¢ = 0, and then restarts every time a digit is entered,
or after it expires. For the sake of simplicity, assume that, when the alarm either goes off or is deactivated,

the system enters states where the timers are not active, while entering any digit does not cause any effect.

1. Assume that the security code is 375, and that the sequence 41375375 is entered, with the eight digits
entered at times 1.2, 2.8, 5.5, 7.8, 13.2, 14.6, 15.8, and 17.3 s. Build the sample path of the system.
Does the alarm go off, or is it deactivated?

Now assume that the time the user takes to think and enter a digit, has a uniform distribution over the
interval [3,8] s. Moreover, let ¢ = 3/4 be the probability that an entered digit is the correct one in the

sequence.
2. Model the system using a stochastic timed automaton {&, X, T, p, xo, F'}.
3. Compute the probability that the user deactivates the alarm entering only three digits.

4. Compute the probability that the user deactivates the alarm.

Exercise 2

A simple processing unit is shown in the figure. It is composed of a processor and a memory which may host

only one task waiting to be executed. Tasks arriving when the unit is full, are rejected.

.

The execution of a task in the processor may terminate incorrectly with probability ¢ = 1/10. In that case
the task queues again for the second execution. The second execution is always successful. Assume that the
arrivals of the tasks at the processing unit are generated by a Poisson process with average interarrival time
equal to 15 s. The duration of the execution of a task has an exponential distribution: the expected value

is 8 s for the first execution, and 6 s for the second. The processing unit is initially empty
1. Model the processing unit using a stochastic timed automaton {&€, X, T, p, zg, F'}.

2. Assume that the processor is executing a task for the first time, and another task is waiting for the
second execution. Compute the probability that the processing unit is empty:
a) when a new task arrives;
b) when a new task is accepted.
3. Assume that the processor is executing a task for the first time, and the memory is empty. Compute
the probability that the current execution of the task is completed successfully:
a) after the next task is accepted;
b) after the next task is accepted and before 10 s.
4. Assume that the processor is executing a task for the second time, and another task is waiting for the

second execution. Compute the probability that both tasks are executed and at least three new tasks

arrive in 20 s.



Exercise 3

Consider the discrete-time homogeneous Markov chain depicted in the figure.
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Assume p = 1/4.
1. Compute the probability that state 4 is reached from state 1:

a) in exactly 9 steps;

b) in at most 9 steps.
2. Compute the probability that state 4 is reached from state 1 without visiting again state 1.
3. Is state 1 recurrent or transient? Justify the answer analytically.
4. Assuming that the initial state is state 2, compute the average time to reach state 4.
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