Test of Discrete Event Systems - 09.11.2017

Exercise 1

A dual-core processor is composed of two central processing units (CPUs) and a dedicated cache. Programs
executed by the processor can be of two types. Type 1 programs are those that require sequential computing,
and therefore are executed in one CPU only. Type 2 programs allow for parallel computing and therefore
can be executed simultaneously in both CPUs.

Consider a dual-core processor preceded by a cache which may host only one program waiting to be
executed. Programs arrive as generated by a Poisson process with rate A = 0.05 arrivals- s~!. Programs are
of type 1 with probability p = 2/3. The number of operations required by a generic program is a random
variable L whose cumulative distribution function can be approximated by an exponential distribution with

expected value 10% operations. The speed of each CPU is v = 10° operations- s~!.

If a program arrives
when the cache is full, it is rejected. A type 2 program is executed only when both CPUs are available. For
a type 2 program requiring L operations, L/2 operations are executed in one CPU and L/2 operations in

the other (parallel computing).

1. Model the system through a stochastic timed automaton (€, X, T, p, zo, F'), assuming that both CPUs

are initially idle.

2. Assume that both CPUs are executing type 1 programs and the cache hosts a type 1 program. Compute
the probability that both CPUs are idle when the next program arrives.

3. Assume that both CPUs are executing type 1 programs and the cache hosts a type 2 program. Compute

the mean time to the start of the execution of the type 2 program.

4. Assume that both CPUs are executing type 1 programs and the cache hosts a type 2 program. Show
the procedure to compute the probability that the two type 1 programs and the type 2 program are
all executed within T'= 15 s.

Exercise 2

A warehouse contains up to 150 refrigerators. Two trucks take the refrigerators from the warehouse to the
points of sale. Truck 1 may load 50 refrigerators, while truck 2 may load 100 refrigerators. Truck 1 returns to
the warehouse according to a Poisson process with average interevent time equal to 36 hours. Truck 2 returns
according to a Poisson process with average interevent time equal to 60 hours. The trucks always return
empty, and load as much refrigerators as possible from the warehouse. The full capacity of the warehouse
is restored according to a Poisson process with average interevent time equal to 48 hours. The warehouse is

initially full.

1. Model the dynamics of the number of refrigerators in the warehouse through a stochastic timed
automaton (£, X, T, f, xo, F).

2. Assume that the warehouse contains 100 regrigerators. Compute the probability that the warehouse

is empty when the full capacity is restored.
3. Compute the average time that the warehouse remains full.

4. Compute the probability that exactly two trucks arrive in one day.



