Test of Discrete Event Systems - 09.11.2020

Exercise 1

A manufacturing cell is composed of two one-place buffers B; and By and one assembling machi-

ne M, as shown in the figure.

» B,

»BZ

Arrivals of raw parts are generated by a Poisson process with rate 10 arrivals/hour. Arriving parts

are of type 1 with probability p = 1/2 and of type 2 otherwise. Type 1 parts are stored in buffer

By, whereas type 2 parts are stored in buffer Bs. An arriving part is rejected if the corresponding

buffer is full. Machine M assembles one type 1 part and one type 2 part to make a finished product.

Assembling starts instantaneously as soon as parts of both types are available in the buffers and M

is ready. Assembling times have an exponential distribution with expected value 5 minutes. The

manufacturing cell is initially empty.

1.

2.

Model the manufacturing cell through a stochastic timed automaton (£, X,T',p, zg, F).

Assume that M is working and both buffers are full. Compute the probability that the

manufacturing cell is empty

(a) when a new part arrives;

(b) when a new part is accepted.

. Compute the average state holding time when Bj is full, By is empty and M is working.

Assume that M is working and both buffers are full. Compute the probability that two

products are finished within 7" = 10 minutes, and no arrival of type 1 parts occurs.

Exercise 2

Consider the queueing system in the figure, characterized by deterministic interarrival times equal

to T' = 20 min, and service times having an exponential distribution with expected value 15 min.

1.

Assume that the queueing system is initially empty. Compute the probability that the third

customer has not to wait for service.

. Assume that one customer is initially in the queueing system. Compute the cdf of the waiting

time of the next customer.

. Assume that the initial number of customers in the system has a uniform distribution over the

set {0,1,2,3}. Compute the probability that at least two places are available in the system

when the next arrival occurs.
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stochastic clock skrvcture :
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1. We have to compube the probsbility thet, when Lhe third customer
avrrives, the system is empby , 90 that the customer hag not 1o wait
fov service.

The Fogs{ble, cases wikh initia) sbabe Xozo are bhe Following:
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We have {5 compute the probability of each sample path.
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2. The wai ting bime 15 the Eime Ehst 3 customer sPe,nds
in the queve. Let Wi be the waiting Lime of the First customer.

We have two Fossn’ble coses wikh initial state Xo=4:
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Hence,
(o) I"F VJ,1 < Vqu

Wi = => Wiz max {O, V1 -Vas ;

Vda-Vay if Vo42Va,
C4f of Wa
let t20.
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3 The (nitral stabe 1s Unoe(tein' with Psz
Pxo(©)= Pxo (1) = Pxo (2)= Pxo(2)= /'ﬁ

When the frest avnval 0ccurs, the stsbe must be either O or 4.

There ove the following cases:

(1] If Xo=0, the stste is 0 with Probabf\iby 1, when Ehe First
avnval Occurs.

T £ Xo=4, Ehestste (5 either 0 or 1 with probability 1,

when bwe First avrivel occurs,
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Tf Xo=2, thestabe (s either 0 or 4, when the

orrival occurs, if there 1s ab lesst one Eerminabion of

3 service. befove Ehe avrival.
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[4]| If %=2, thestabe 15 either 0 or 1, when the First
rrival occurs if Lhere are st least Ewo terminabions of

)
3 service. before the avrival.
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Fwally

P( -—) = Pxo(°)+ Pxo (1) + PKO(Z)' P(Vd,d < VQ_4)
+ Pxa(2)- P(Vaa+Vo2 < Va 1)

= Pral@)+ Pxa(1) * Pxo(2): P(Vaa <T) + Pyo(sY P(Viat Vo2 <T)

~ 0.7803



