Exgreise

Consider the stochastic timed automaton in the figure, where g = 2/5.
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The initial state is uncertain, with pmf py, (1) = % Px,(2) = 0, and px,(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(E2 = a).

[S]

. Compute P(X9 = 3).
3. Compute the probability that event b occurs at least once over the interval [0, 10] min.

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

Stochastic clock strueture
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All the lifetrmes are expressed in minu tes.
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4 . Compube, P(EZZCL).
Fivsk, we have to idertify all the sample paths such that {Eaza}.

We can exclude sample paths star ting with {Xo=2] ,5mce Pxo(z)ro,
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Then, we hsve 5 conpute the probsbiliby of each sample path.
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Finslly

P(Essa) = 2 P(R)

_ P""M) P (Va1 +Va2< Viga)+ Pyol) P(Ve <Va,1)+ Pxo(3) P(Va2< Vi)

& 0.6254 ~ Compy ted numericelly with Matlab



ReMarK,

Oovvaul:l‘n_S a probabihity invalving Ewo ov more random veriables
(e;’u(re_s the, evalvation of a mu\trp]e :'nbegré].

T Ehe exam this conpulation is typuéally nol fequested,

[\ Ehe second Part of the course, we will see how to evaluate
Ehese probabylities numericslly.

For illustrative purposes only, the computatbion of P(\/an 4\/a,4)
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Z_ ComPute, P(X2=3)
First, we hove to idertify oll the sample pabhs such that {Xa=3}.
As before, we con exclude sample paths startmg with {xo=2}.

Eiza Ea:b
4) XOZ’/] 1_> X,l:/] 2'_> X2:3

Er=Q Es-=
2) Xoz3 1_’X4‘-'4 2—b> Xa=3

Er=Q Eo=
3) Xo=3 1—»)(4:2 2 b, Xaz32

T]nem, we have 5 oomPube, the Proloabu'){bf of each 53«1‘9]6 Paﬂn

4 Erzq, E2=b
Xo0=1 l Xaz1 i X2:5% X

o ’I’r :

{ Vaa | '

b ; »
Vb,,l i' [
o v

| Va,s, :

b: >

Vi,a-Va,1

= P@) = peo) plla)-pala by P(Ven< Vo, Vor- Viou < Va2 )

W—J\’"_Y-_/

1 4
2.
Erzq, Ez2:=b
)(013 l Xaz4 l XZ:3 _
o' g .
Va ',
|
o) >
t Vage, :
b: I >



= P(@) =peta) pilae)p(a11,6) P(Vor<Vae)

— N

q A
2 (ETo} E2:b
X023 l Xaz 2 l X2°3 .
o Va 4 >}'; '
a.:i: Veo ; >
o Vip,1 :

= P() = Pxo[g)-P(zlz,a)-P(sla,b)- P( Ve <Vaz)

—_— N
/I-Ci d

Finally ;
3
P()(z_:_g,): ; P()

= Pxo('l) ]D(VO.A < Vb,4 < Vala'f\/Q,a) + an (2) P(Vbt'l <\/q,a>

~ 0.3746
™ computed numericelly withMatlab



2 Covv\13ute the probability thst event b occuvs at Jeast once
over the intervs| [:O,/IO] Miy).

If b were slways possfble,, the answevr would be Erivial :
P(Vpa¢T)=F ()= 4—13,'%, where 1740 min.

Unfortunately, thisis not the case, becouse event b (s not

possible instate 3.

On the other hand, event o isslwsys Posg.‘ble.

Thevefore, we hsve in principle to consider 2|l Lhe possible

Sample paths with everb b preceded by an undetermined

number of events @, while imposing thet evert b occurs

before Cime T

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

fact Ehat event @ masy occur st most once before

time T=10min (Ehe second dccuvreate cannot be

before G6+6 = 12 min ).
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We Compubo. the Probalofl{by of each case .
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~ 0.7046
™ COIMP'Jtﬁbd numericelly with Matlab
4, The state holdng time (s the time Ehat the system

Yemalns in a 8{\/@(\ state.
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We have (o Cpmpube the cdfof V(2).
We observe that :

. Lhe system enters state 2 only from state 3

with event A and in state 3 event b /5 mob ]oossibie,
=> instabe 2 the lifetimes of bokh eveabs are tota) life bimes



o the System leaves state 2 when either of the

two events Occurs.
Hence, we. have:
V(2) =mn { Va, Vb
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REMARK,

T state 1 we have:

V1) = Yo

R< vesidual I feLime of event b

becouse the system leaves state 1 only with event b,
but when the oysbem enters stste 1, event b sy have
a ves'dual lifebime from the previous stabe . Tndeed,

. \{o = Vb~V ' the sysbem Arrives From state 2_,
e Y= Vi if Evie sysbem arrives from stste 3.

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



