Department of Computer Science

Computer Science 177: Modelling and Simulation
MIDTERM EXAMIN ATION — Spring 1999

1. Sinceevent list manipulation tafs time, some programmersvidried using the follaing “trick’’
for avoiding the need forelicit customer arrival gentsin cases where their models contain a queue
with limited waiting room. The idea is based oftio'oking into the futuré’to keep the &iting room
full. Thatis, the vaiting room is filled’’ once in the initialization routine, and thereafter epk
“full’” by replacing each departing customer with avrame in the departure routinelhe pseu-
docode for accomplishing theseattasks is as follas:

In the INITIALIZE routine:
LastArrival = Now = 0.0
for i =1 .. QueueLimt
LastArrival += InterArrival Ti ne
Add custoner to waiting room Arrival Ti ne=Last Arri val
end for

In the DERRTURE routine:
Renove departing custonmer fromwaiting room

| oop
LastArrival += InterArrival Ti nme
if (????) then
new customer was |lost (waiting roomwas full)
el se
Add custoner to waiting room Arrival Ti ne=Last Arri val
exit froml oop
end if
end | oop

a. Whatis the missing condition in thef statement?

In geneal, the arrival will be lost if it occued befoe there is room in the waiting aa to accept
it. Sincethere is a cepartue Now, the customer will be lost ffLast Arri val < Now) .

b. The event-reduction idea can betended to eliminate a#itart service eentsfrom the program
too. Indicatewhat pseudocode needs to be added to the INITIALIZE andABEBRE routines
for accomplishing this.

The system is similar to the automated bankinghmacyou did in the fat program. Ina “nor-
mal” event-driven simulation, the start serviceeat would ta& dace as soon as the customer
reaches the font of the waiting linewhich happens immediately if the system was empty when the
customer arrived (wherit would be triggered by the customer arrivalvent), or at the departer
of the pevious customer otherwise (wleekt would be triggered by the departue routine). What
we ae frying to do now is toxdend the‘trick” to diminate all start servicevents in addition to
eliminating the customer arrivalvents. Thiss done by dweduling the fst DEFARTURE in the
INITIALIZE routing at the sum of the ft customes arival time plus its service timeThe
remaining customexrwill be handled by the DEFRTURE outing where the next DEFARTURE
will take pgace at the sum of the maximumNaiw and the net customes arival time, plus its
service time
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2. Considethe problem of modelling a tiféed signal that controls a pedestrian croswsimilar to the
one net to the UCR campus near the corner ofudrsity Ave and Caryon Crest Dr between the
baseball field and Bannoakim \Millage. To amplify the problem, we will consider only the people
crossing the road and ignore the cdrs.addition, we assume the light runs on &dixschedule and
pedestrians do not push atton to actrate the light.

Assume that the state of the signal (as seen by the pedestrians) is orékdoi(Viduich lasts for 1
minute), "caution" (which lasts for 30 seconds), or "tamlk" (which lasts for 3 minutes). The state
will be stored in a global ariable cr osswal k that is controlled by a single CSINr af -
fic_light process and read by egobdest ri an process. lraddition,traffic_|i ght pro-
cess sets arvent wal k_now each time the state of the signal changes from tdealk" to "walk"

so that ap waiting pedestrians will kit is ime to start crossing the street.

Also assume that pedestrians onlgibecrossing the street when the state of the signalatk"wand
that the crossalk is wide enough to aNe al pedestrians to cross at the same time, so there is no
need for the pedestrians to communicate between thezaselv

a. Supposea pedestrian arvies when the state of the signal is notdlw'. In this case, it cannot
begin crossing the street until the state changes #k™wat which time théraf fi c_| i ght
process will set theval k_now event. Shouldthe pedestrian use the CSliMai t() or
gueue() construct to it for thewal k_nowevent? Explainyour answer

The pedestrian picess should use the CSWdi t () construct, because all waiting pedestrians
are dlowed to start walking tgether when the asswalk banges to state "walk".If the CSIM
gueue() construct wee wsed, then only one pedestrianopess would see thsal k_now
ewent, whit would be incorect.

b. Explain hav and when theval k_now event should get cleared. Consider all cases, including O,
1, or more than 1 pedestriamiting when the state changes taallV.

Thewal k_now ewvent may gt cleaed right awayif one or moe pedest ri an processes wer
waiting for the state of the @sswalk to bange. However, if no pedestri an processes wer
waiting, then thewal k_now event would emain indefinitely unless the af fi ¢_I i ght pro-
cess cleas the event. Thiscould be done immediately or delayed until just ketbet r af -
fic_light process banges the state of theasswalk to "caution".

c. Writethe function definition for the CSIMr af fi ¢_| i ght process.

void traffic_light()

{
create ("traffic_light");
whi | e(1) /1 1 oop forever
{

crosswal k = wal k;

wal k_now. set () ;

hol d(60) ;

wal k_now. cl ear () ;
crosswal k = cauti on;
hol d(30) ;

crosswal k = dont _wal k;
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hol d(180) ;

}

d. Writethe function definition for a pedestrian.

voi d pedestrian()

{
create ("pedestrian");
if (crosswal k !'= wal k)
wal k_now. wai t () ;
hol d(crossing_tine);
}

3. The7:20am &press s alvays seems to ame late at your stop.Over five mnsecutie days last
week, it arrved 1 min, 5 min, 6 min, 4 min, and 9 min late, respesii.

a. Findthesample meaandsample variancéor its lateness.

1+5+6+4+9

5.0
5

X(5) =

(1= X@E)F + (B=XE)* +(6-XE)f + (4= XE)* +(9-XE) _g
. .

5

S(5) =

b. Use the Studerd’t-distribution to construct an approximate 95% Confidence lateior the
aveage latenessWhat assumption(s) did youvei make about the underlying distriliion for
the coverageof the confidence inteal to be &act?

Since we have 5 samples, we need-tfistribution with 4 dgrees of feedom and one-sided crit-
ical pointy = 0.9750from the attabed tablei.e, t;09750= 2. 776 Thus, using the final formula
on the &am pae, vwe have that theequired confidence interval is

X(n) £ t4,0.9750/ S(5)/5
or
5.0+ 3.62

The Studeng' t-distribution is based on two assumptiori3rst, the individual data samples have
a normal distritution. Secondwe useS?(n) calculated fom the data samples insteadedft in
the confidence intervalSince the-distribution is defined to use the sample variartbe only
real assumption we have made is that the individual lateness reezeuts & goproximately
normal.

4. Findthe maximum liklihood estimata for fitting a uniform distritution to the lateness data in the
previous problem.

This is a diect application of lectw material, whee we showed that the liédlihood function for the
uniform(a, b) distribution is maximized whea = min {X;} = 1and b= max {X;} = 9.

5. Considema reqular 12-sided die that has the number 1 written oacgd, the number 2 written on 2
faces, the number 4 written on &ces and the number 7 written onatd. LetX be a discrete ran-
dom number whosealue is set by tossing this die.
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a. Findits density functionf x (x).

O01/4 if x=1
51/6 if x=2
fx(xX)=p0l/2 if x=4
51/12 if x=7

0o otherwise

b. Hnd its cumulatre dstribution functionF x (x).

0 0 if x<1
51/4 if 1<x<2

Fx(X)=05/12 if2<x<4
D11/12 if4<x<7
B 1 ifx=7

c. Whatis the probability that the number 4 comes up twice im&ro

Since the twodlls of the die a& independent, the pbability of gtting the number 4 twice is
product of the mrbabilities of gtting the number 4 ongcehich is

fy(4) O (4) = 1/4.

Formulas:

LS (X - X(n)?

2 —
S (n) - (n_l) i=1

Problabs(X(n) - ©)No2In < Zg-p] = 1-a

Problabs(X(n) - x) VS (N)/n < t(n-1)1-aiz)] = 1-
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