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Lunsldex asystem arrive following f
s. There is a uniform distribution of customers, between 2 and 4, waiting outside when
Ihe sysbem opens. Tt takes N seconds to walk from the front door to the he quee ‘There are two

2 rep
25% repeat customers.
‘There i ‘which feeds to order taki lerks. Repeat :usmm!ls ‘have pri-
orityin the queue. That

h:ad of the queue unles there i aeady a repeat customer in the queue. In that case, the cus-

tome

capabh as the other. The order taking time for the EXpenenced clerk is exponentially distributed
with a mean of 5 minutes. The order taking time for the inexperienced clerk is exponentially

distributed with a mean of 6 minutes.

Once a customer is finished placing her/his order, s/he waits until it is complete. In the mean-

time, the order is placed in an pro

cowes the order. The order processing time is exponentially distributed with o ‘minutes.

feet per minute.

W'h:n the order arrives at the end of the conveyor, the customer picks up hex/hu order, and the

system time ends. The customer then walks out of the store which takes 15 secor

You are asked to develop a discrete event system simulation program o collect statistics on the.
time average number in queue for each of the two queues, the average utilization rate for each of
the three clerks, and the average system time for each of the two customer types.
a) State the set of events and the set of state variables for the simulation model. Draw an event
graph to justify that you stated the minimum number of events required for the system.

b) Mention the relation between the events and the state variables, and how the events are
changing the system states. Assume the simulation is terminated by an event.

<) Write down th and the output the simulation model. The
state equation(s) is/are expected to reflect the change in each of the tate variables with the
occurrence of events.

d) Dr

charts of the event handling functions) for each
ofthe events of the simulation model mentioned in Question 1)

Note that, from the event handling functions you can, in general, call other functions only,
which may be shared by other event handling functions as well. Further, draw the flow
charts of the functions that are called from the event handling functions.
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2. a) Consider a random variable X which has PDF given by m\

x  fo<x<l, (con
fay={2-x f1sx<2 ron
0, otherwise.
‘This distribution is called a triangular distribution with endpoints at 0 and 2, and mode at
1. Develop a random variate generator for this random variabl
b) Consider the following symmetric distribution on [-1, +1] 10
x+1 f-1<x<0, <coy
e =] —x+1 fo<x<1, (FoD
otherwise.
Develop arandom i fon method.

Further, generate 3 random values for the random variable. Assume necessary pseudo ran-
dom numbers for the generator.

3. The number of vehicles ariving at the northwest corner of an intersection in a S-minute period
bewleenﬂ)DAM and 7:05 AM. k period. Table 1
Thefistentryin i therewere 12.
during which zero vehicl d ind so on. The
‘number of vehicles s a discrete mndnm variable

‘Table 1: Number of Arrivals in a 5-Minute Period for Question 3.

Arrivals per Arrivals per
by Frequency e Frequency

0 12 6 7

1 10 7 s

2 19 8 5

3 17 9 3

4 10 10 3

s 8 n 1
Kewr Iso, from is- 443
tics, comment on the possible distribution(s). (o2
o)
b) Make an appropriate histogram of the data. From the histogram, determine a fitied distri- 4+ 3
bution of the data and justify the selection of the fitted distribution. (con
(eon)
) With the help of a frequency comparison graph, find the similarities between the fitted dis- 7
tribution and the true underlying distribution (from which the data has been collected).  (c02)
(von)
d) Apply the Chi-square test to these data for the following hypotheses test: 9
Hy: The random variable has the fited distribution. (cop)
H,: The random variable does not have the fitted distribution. (FoD)
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a) Assume you are simulating a computer network to measure the average delay of packets, 6.
To estimate 6, you run the simulation 20 times and generated 20 independent mean delays
of packets. Assume the values obtained are

102 113 131 107 114
95 133 145 139 117
93 111 124 122 136
181 19 122 151 143
i. Construct a 90% confidence interval for the estimated value of 6.
ii. Find the number of additional simulation-runs to be necessary if you want to be 9%
certain that your final estimate of 8 s correct within +3.25.

b) You have simulated two systems for 7 replications. The sample means of the response time
for system 1 are 100, 105, 110, 108, 102, 112 and 98 milliseconds. For system 2 they are 100,
105, 110, 108, 100, 110 and 95 milliseconds. Find the 90% and 95% confidence intervals for
the difference of the mean response times of the two systems. Explain which system has a

er response time based on the measured confidence intervals.

s,

Consider a barbershop that can hold only three customers, one in service and two in waiting.
; he is full. On th i

at the barbershop for every half an hour and the barber usually spends 20 minutes to provide
service for one customer. You need to model the barbershop as an M/M/m/K (m = 1, and
K = 3) queueing system. Note that, the probability that there are n customers in a M/
queueing system is given by

An-ifn-a - /‘vi
Hnttnr a1+ o

a) Derive the formula for finding the probability that there is/are n customer(s), n = 0,1,2,3,
in the system.

Py

b) Find the fraction of time the barber is busy.

©) Find the mers being turned away due to the

d) Find the average waiting time of the customers.

6. Consider a single Suppose
msul's for (5,) = (20,40), which is called model 1, vs. (5, 5) = (20,100), whichismlladmodgl
an orderis placed, if less
G :) and § denotes the maximur inventory capacity. There are three sources ot andomnees:
interdemand times, demand sizes, and delivery lags.

With the belpof s tclng diagram and necessary random numbersshow that a single sream of
resultin a p Further,

shuw hat the use of 3 sreams of random numb for each or irces

‘may not solve the synchronization problem completely.
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Criical poits , forthe  distribution with » df, and 2, for the standard normal distribution

satisfying y = P(Z

“Where 7, is a random variable having the  di

= 2,), Where Z s a standard normal randor

' with v f; the last row, where v = o<, gives the normal critical points
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cmu pmnu x,‘, for the chi-square distribut
o

=Py, =

inSec. 7.4.1

where ¥, has a chi-square distribution with » df; for large v, use the.
aeproxitmation or Xy
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