Exam of Discrete Event Systems - 18.02.2015

Exercise 1

A small manufacturing workstation consists of a machine M preceded by a one-place buffer B.
The machine processes raw parts of two types, namely type 1 and type 2. Parts arriving when
the system is full are rerouted to another workstation. For technological reasons, arrivals of type 1
parts are disabled after two consecutive arrivals of type 1 parts accepted in the system, and enabled
again after the next arrival of a type 2 part accepted in the system. Arrivals of type 2 parts are

always possible.
1. Define a logical model (£, X, T, f,x¢) of the system, leaving the initial state xy undefined.

2. Assume that the system is initially empty and two consecutive arrivals of type 1 parts can be
accepted; arrivals of type 1 parts have total lifetimes equal to 5.0, 3.0 and 8.0 min; arrivals of
type 2 parts occur at times 12.0, 18.0 and 27.0 min; processing of type 1 parts requires 9.0,
7.0 and 8.5 min, and processing of type 2 parts requires 4.0, 3.5 and 5.0 min. Construct a
timing diagram for the system sample path over the interval [0.0,25.0] minutes, and compute

the fraction of time that arrivals of type 1 parts are disabled.

3. Assume that total lifetimes of the arrivals of type 1 parts follow a uniform distribution over
the interval [5.0,8.0] min, whereas arrivals of type 2 parts occur every 4.0 min. Moreover,
assume that at time ¢ = 0 (initialization) the system is empty and arrivals of type 1 parts are
disabled. Compute the probability that exactly one arrival of a type 1 part occurs over the

interval [0.0,15.0] minutes.

Exercise 2

Consider the manufacturing workstation whose logical model was defined in item 1 of Exercise 1,
and assume that the total lifetimes of the arrivals of type 1 parts follow an exponential distribution
with rate A\; = 0.2 arrivals/minute; arrivals of type 2 parts are generated by a Poisson process
with rate Ao = 0.25 arrivals/minute; processing times of type 1 and type 2 parts are exponentially

distributed with expected values 8.0 and 6.0 minutes, respectively.

1. Assume that the system is full with two type 1 parts. Compute the probability that the
system reaches with the minimum number of events a state where it is empty and arrivals of
type 1 parts are enabled.

Exercise 3

Consider the manufacturing workstation whose logical model was defined in item 1 of Exercise 1

and whose stochastic clock structure is defined in Exercise 2.
2. Verify the condition Acfp = pesy for the system at steady-state.
3. Compute the average waiting time in B of a generic part at steady state.

4. Tt is known that at time ¢ = 20 minutes the arrival of a type 1 part occurs. Is it possible
to apply the PASTA property to compute the probability that the arriving type 1 part is
rejected? Why?



Exercise 4

Consider a sequence of N = 3 genes. Each gene can be one of two types: A or a. From one
generation to another, each gene can independently mutate to the other type. Let p = 1/8 be the
probability that gene a mutates to gene A, and ¢ = 1/5 the probability that gene A mutates to

gene a.
1. Determine the average number of genes of type A in a gene sequence at steady state.

2. Assuming that the initial gene sequence is AAa, show the procedure to compute the proba-

bility that the gene sequence aaA is obtained before AAA and aaa.

3. Assuming that the initial gene sequence is AAa, show the procedure to compute the average

number of generations to obtain the gene sequence aaA.
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