Test of Discrete Event Systems - 29.10.2020

Exercise 1

Consider the stochastic timed automaton in the figure, where ¢ = 2/5.

a

The initial state is uncertain, with pmf px,(1) = %, px,(2) = 0 and px,(3) = 3. Lifetimes of

event a have a uniform distribution over the interval [6,9] min, while lifetimes of event b have an

exponential distribution with expected value 5 min.
1. Compute P(Xs = 3).
2. Compute P(F; = a).
3. Compute the probability that event b occurs before T' = 15 min.

4. Compute the cdf of the state holding time in z = 2. And in x =17



F xercice 4
Stachastic clock strueture. :
Vor U(6,2), Vo Exp (5)

Al the Iifetrmes are expressed in minv tes.
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1. Gompubb P(X2:3)
First, we hove to ideatify all the sample FdElnﬁ such that {Xzz_?.}.
Nobice that we cn exclude sample paths stac ting with {xo=2},
becsvse Pxa(2)=0.
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Then, we heve 5 compute the probsbility of each sample path.
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REMARK,

(omputing a probability involving Ewo ov more fandom veriables
(equ{rz_s the evalvation of & mu\l:fp)e_ inbegvas ).

Tn Ehe exam this c,wputatrcm i5 normally not feciugsted,

(v Ehe second Part of the course, we will see how t avnpube,
these probsb\'h'bfe.s numercally.

For- illustrative purposes only, the computabion of P(Ves <Va,2)
15 shown vext.
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2, ComPube, P(Eaza.)

Firsk, we have to ideahfy all the semple Pc}[',‘ns such that {E,o_:a},
As before, wecn exclude sample paths star ting with {Xo=2].
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Then, we have 5 compute the probsbility of each sample path.
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=> P([E) = pxo()-p(3l1,b)- P(Ve1< Va,0)
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2, ComFute, Ehe Probabflfty that evenk b 0ccuvs before T=15 min.

If b were always possible, the answer wovld be trivial :
P(VpasT)=F ()= 4--(’;—95  Unfortunately, thisis not

the case , becsuse event b rs not possible instate 3,

On the obher hand, event a s slwsys Poss.'ble,.

Therewcore,, we have ia Frl'ncl'ple, o consider a)l Lhe Fossn'bla

Sample paths with evert b Frecede,J by an undetermined

number of events @, while imposing thot evert b oceurs

before Eime T

Luckily enough, since Var U(6,3), we can exploit the

fact Ehat event @ 0ccurs no more than two

Limes before T=15 min (the, Ehird Occuvreace cannot be

before G+6+6 =18 min),
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We only show how o compute. P((E) and P(@).
The wnPubabl'm of Ehe obher Prababn'h'b(e.s 15 simm lar
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The waabflfbies of the obher cases are:

P() = Pre) P(Voa< Ve, Virn<T)

P(@) = Pl P(Var< Vo< Vart Ve, Vi < T)

PE)) = pxo® (1-§) P(Von< Ve Vo +Via< T)

P(@) = Pxo(2)-9- P(Va,a ¢Vpa< Voo tVa,s, Vai+ vb',,(—l—-)
P(F]) - Pxo(®) (1-9)- P(Va,2¢ Voa< Va2 +Vas, Van+Vea<T)

Fma”y;
P(e\renl: boccurs before T=49) = Z P(.)
434
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Compube.d numevically with Matlab

4. The state ho]dn‘ng time isthe time that the system

Yemalns in & Su‘\fe\n stabe.
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We have (o oompube the cdfof V(2).
\de, o\gse,rve, ".hat .

. the sysktem enters stabe 2 only from state 3
with event @ and (r stakte 3 event b s nob f:o%n’bie,
=> in stabe 2 the lifetimes of both everts are botal lifeLimes.



o the System leaves state 2. when either of the
two events Occurs.
Hence, we hove:
V(2) = min {\/a., Ve
total “iota

lifetime I'Febime
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To compute bhe cdf of V(2), we start by computing
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I sbate 1 we have:

V)= Yo

Y- residval Iy fe Lime of event b

becouse the system leaves state 1 only with event b,
but when the cystem enters stste 1, event b ey have.
3 vesidual lifetime from the previous stobe . Tndeed,

e Y= Vo-Vq 1f the system arrives From state 2,

o Yb: \/b if the sysbem arrives from stste 3.

Compubing P(V(1)<t) is therefore a non-trivial task.



