T hree exercises:

/|> In Exercise 1 we apply the basic a)sort'l:hm
for the event bfmfns dynsmics | valid under

a,ssumlatfoms AN A2 and AD.

2) In Exevcise 2 event 5 s 0ccasionslly Paused,

and resumed later.

=> Assumption A .2. does not hold

> T0 simulate the sysbem covreckly, we have to modify
the bas\'c,algon'(:hm: slore thng, residval 1ifetime
of the event ond use it |ater, when Ehe event (eburas

po 551ble .

3) Tn Exercise 3 the score of event v wsy be jncressed

even if Ehe event 15 not activated,

\

This rule (equives s modi ficetion of the basic

3g0¢1Ehm, being a cese not considered in step 4.



E XERCISE 1
Consider Ebe timed automston (&, 2T, 6(%0,\0 with:
o X=41,2,3 4]
o &= { a'b,c}
+ T\ § 20d 94o defired by bhe following groph

. bhe, C|Ook 5b(uc,tuwfe, V:%VQ'V!O’VC} (s OOW'POSQD‘
of the clock sequences:

Va=]1.3,06,0¢, 15|
Vp: {02,0.3,1.2,1.0]

\L={42,16,13,11}

Assume, Ehat a%umptio\ns A1 IA.Z and A.3 hold.



’I> Determine the sample psth, of the system.
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2> Determing the sta Ee at time =45

From £he Saw\‘:\e, Peth: 2 (4.5) =/

3) COWIPutE Ehe fraction of time spent in each state
Dver Ehe interval [0,4.5}.
-~ time spentsin state
f,= (1.2-0) + (45-4.1) _ 16
4.5 4.5

Eime horizon

~ 3556%

Jc _ (2.6-2)+(2.8-26)+(44-34) 4.5
2" =
4.5 4.5

Y 33339

1, - (20-12) o3
3 - =

45 45

~ 17.38%

(29-28)+(2.4-23 |
JC4 = ) = ﬂ'_‘:’ 13.32%

45 49




Remark.

What happens when two (or more ) events have the smallest
(esidval I{Feb'wxe?
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\ Which event occurs next: @ or ¢ 7

=> Use priorities between events

In real-world Problems, khese Fnbm‘ties must be understood

from Ehe contexE.

Example, : queveing system
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F xercisE /

A machine is idle, when it waits for the arrival of a raw part, and busy, when it processes a part.
Arrivals of raw parts are suspended when the machine is in state busy. The machine is subject to
ageing only when it is in state busy. Ageing is modelled by a deterministic function of the type
u = 0.01t, + 0.009¢2, where t, [min] is the total time spent in state busy from the end of the last
maintenance. The machine is stopped for maintenance when u« = 1. The duration of maintenance
is 5.0 min. After maintenance, the machine resumes the job that was previously stopped.

Assume that the machine is initially in state idle with u = 0. Time intervals spent in state idle
have durations of 1.4, 0.6, 0.4, 1.2, 0.8, 1.8, and 1.5 min. Processing of the first seven raw parts

requires 1.8, 1.6, 1.5, 2.4, 2.1, 1.5, and 2.0 min, respectively.
1. Determine the sample path of the system.

2. Compute the utilization and the throughput of the machine from the initial time to the start

of the first maintenance.

1. First, we debermine the time spent in state busy

when maintensnce 5 started

2
(A = 0.01ty,+ 0003t
U=

=> [ 0.00% tﬁ +001t,-1 =0

c‘uadretic en,uat.'or\
A= (001)+4-0.003 = 0.026]

VA= 045

-Q0.01 ¥ 0.18 /
0048 \ _//‘ﬁ we 6ccept Oﬂ’}’ POSt.tI.\/e SOIUtiOHS
3

Cp=

Tl/)enl we mode! bhe system with stimed avtomaton
(8%,T §.9%,V)



events ‘a:{a, é} S W\}
/ L’p Ee(nm'natfam OF
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. maintenence
termination

of Pmcessms

1 machive ysdle

stabe =4 9 . machine (s busy (WOlfkllnj)

3 . machine (5 under Mmainkenance.

5tate tysns Cign d{a_q_fem

o

clock structure, : \/: { \/a‘ \/d' \/_5' \/m}

Since only event @ 15 possible
\/Q: {4-4,0-6, 0.41 1.2, 0§, 1.8, 4.5} 77N (nstate1,and when O occurs,

the state dnanses to2 the lifetimes
:{4.8, 1.6,1.5,2.4,21,1.5 Z-OJ of event @ coincide with £ Lime
inbervals Spent (nstate 1.
40.0, 10.0, }

W
Vm { 5.0, - }\s Thisvs Ehe value of tp wnputecl atthe b%w'nnmg

of bthe exercise
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Notice Ehat events d snd 5 do not satisfy A.2 becsuse
if they afe Posable inthe current state, they do not occur,
and bhey sre nob possible in Ehe next stabe, then

Ehey afe Paused. Hence, Ehe Prev{ous alﬁom'bhm
covld nok be ePplfecl astis, but we had to modi Fy it

in ordev to simulabe covrectly Ehe system:




D The first maintenance, sterts at time t=16.2.

The utihzation U of s machine 15 Ehe Fraction of Eime

Ehak Ehe machine 15 working. Faterwals when bhe machine,
/ 15 wovking vp to time t=16.2

 (32:14)+(54-38)+(2.3-58)+(103-25)+ (13.9- 113)+ (162-156)

U

16.2.

10,0 \ .
———— Y 61,13% Tiwe horizon
16,2

que, EHYOUS‘QPUJC lJl OFé W)ac['\\'ne, 15 H'\e, average, number
of Outpubs (Products) per Eime umT.

Number of events d up to time t=16.2

e

H:_ 5— Y 0.1 Produot_s/ml'n
16.2.

\ Time hovizon



F xercisE b

A doctor’s office has a waiting room with only two chairs. Patients who arrive and find the waiting
room full, do not have access to the doctor’s office. Each patient has a maximum time he or she is
willing to wait in the waiting room. If the patient is not received by the doctor within this time,
the patient gives up and goes away.
1. Taking into account that: the doctor’s office is empty at the opining: the first patient arrives
after 2 minutes from the opening, and the others arrive after intervals of 1.5, 1.0, 2.0, 3.0,
3.5 minutes; the visit of the first patient requires 10 minutes; the maximum waiting times
acceptable by the patients are 2.0, 6.5, 3.0, 4.0, 5.0, 3.5 minutes, compute how many patients

give up during the visit of the first patient.

The system can be epresented a5 follows:

L 1‘ Fatients

4 4 wh05{VeUP

dOcﬁOr‘S l*

atients who leave
the doctar’s voom
after the visit,

waiting room

( (fueue/)

Yyoom
(server)

mode |

2= F Fati(%n’cs in the doctor's office ¢ {o' 1, 2135
Thi's subscripl meang that

event5 2 = { CL, d, 4 } Lhecearebwo even{:s v scheJu\@d
/ L N a patient vn pavallel, because Ehere are bwo
arrivel - jl'\/es up akients inthe weiting roow each one
of s Fe(:\'ent termination with his[her maximum waiting time
ofavisit
Q a Q Q

d d,r d, 72y



Since. the, maximum wabmj Eime 15 o “Pfoloerby “of Ewe Sp&.’ffo
Pal:(ent , We, dl'stl'njul'eh Ehe Fat«'ents with Eheir order of arvival

Let £=1,2,3 ... dencte the Fefnen’o's ovder of arvival,
The subscript < is used to idenkfy Ehe Fa[:fent an event (efers 0

a, : ovrival of the £-th patient
d.: Lermination of the visit of the 4~th fet:'ent
Vo, - Une 4,'-Ur\ ?et{entﬁives UP

clock sbruckure: V=4 Ve Vi, Vr]

\/q={ 21;0, 41;5,4+o, afo,:zj.rojsfsl . \/dz{/lc‘)r, o,,_,J , \/,,:izfo( 6T.5,\?o, 4+o, z'}_o,s‘_rsj

Q1 Qz Q» Qq Qs Qg d,, Vi Y2 (5 Cf(s\/G

Saw\!:]e, Path . see the next Page

REMARK S

(#*) Notice bhst this i's khe first time that event v S activated,
but we use Ehe second lifetime, not the first ane.. This (s because
the first pstient 313 not wait  thus the corvesponding event 1
was nat acbiveted, and its [ifetimeg, was not used, Recall Ehat
Ahe maximum weiting Lime, 1s & property of the speci fie po tient.
Here the Second Fatu'ent (s we{ti'nj  thvs we acbivate s [hev
event (5.

(%) The fourth patient 15 nokt accepted in the doctor’s office,
Ehus the corvegponding event (% is ot sckivabed  and its | Febime
is not used. The fifth patient is accepbed instead, and event (5
/s sekivated with the Fifth Iy fetime. inthe clock se,c'ugme, V.
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> Two Fab{ents 3{\/e up duf\'ﬂj the visit of the first Pah'ent
(events 13 and (> before evedt d4 ).

—_—
—_—



