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Programmable calculators are not allowed. Do not write anything gn the question paper.

Answer all 6 (six) questions. Figures in the right margin indicate full marks of questions with
corresponding COs and POs in parentheses.

1. Consider a system where customers arrive following the exponential distribution with a mean of
3 minutes. There is a uniform distribution of customers, between 2 and 4, waiting outside when
the system opens. It takes 15 seconds to walk from the front door to the queue. There are two
different types of customers. A regular customer and a repeat customer. There are approximateIY
25% repeat customers.

There is one queue which feeds to two different order taking clerks. Repeat customers have pri-
ority in the queue. That means whenever a repeat customer arrives, s/he immediateIY goes to the
head of the queue unless there is already a repeat customer in the queue. In that case) the cus-
tomer enters the queue behind the last repeat customer. One of the two clerks is new and is not as
capable as the other. The order taking time for the experienced clerk is exponentialIY 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 flnished placing her/his order, s/he waits until it is complete. In the mean-
time, the order is placed in an order processing queue where a single order processing clerk pro-

cesses the order. The order processing time is exponentially distributed with mean 3 minutes-
When the order is processed9 it is placed on a 100 feet conveyor that travels at 200 feet per minute.
When the order arrives at the end of the conveyor, the customer picks up her/his order, and the
system time ends. The customer then walks out of the store which takes 15 seconds.

You are asked to develop a discrete event system simulation program to collect statistics on the
time average number in queue for each of the two queues, the average utilization rate for each of
the three clerksp 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 justiQ' that you stated the minimum number of events required for the system.

3 + 3
(COI)
(P02)

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.

3 + 3
(COI)
(P02)

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

d) Draw separate flow charts of the event routines (i.e., the event handling functions) for each
of the events of the simulation model mentioned in Question 1.a).

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.

5 + 3
(COD
(P02)

20

(COI)
(P02)
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::iN2. a) Consider a random variable X which has PDF given by

[ x ifC) $ x $ 1,
/x(x) = { 2 – x if 1 gx $ 2,

1 0, otherwise.

This distribution is ca11ed a triangular distribution with endpoints at 0 and 2, and mode at
1. Develop a random variate generator for this random variable.

(POI)

b) Consider the following symmetric distribution on [-1, +11: 10

(C02)
(POI)

x + 1
–x + 1
0,

if – 1 $ x $ 0,
if 0 < x $ 1,
otherwise.

/x(X) =

Develop a random variate generator for this random variable using the convolution method.
Further, generate 3 random values for the random variable. Assume necessarY pseudo ran-
dom numbers for the generator.

3. The number of vehicles arriving at the northwest corner of an intersection in a 5-minute period
between 7:00 A.M. and 7:05 A.M. was monitored for fIve workdays over a 20-week period. Table 1
shows the resulting data. The fIrst entry in the table indicates that there were 12 5-minute periods
during which zero vehicles arrived) 10 periods during which one vehicle arrived, and so on. The
number of vehicles is a discrete random variable.

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

Arrivals per
Period Frequency Arrivals per

Period Frequency

0
1
2
3
4
5

12
10
19
17

10
8

6
7
8
9

10
11

7
5
5
3
3
1

a) Find the summary statistics of data – Lexis ratio and skewrtess. Also, from the summary statis-
tics, comment on the possible distribution(s).

4+ 3
(C02)
(POI)

b) Make an appropriate histogram of the data. From the histogram, determine a fltted distri-
bution of the data and justify the selection of the fitted distribution.

4+ 3
(C02)
(POI)

c) with the help of a frequency comparison graph, fInd the similarities between the fated dis-
tribution and,the true underlying distribution (from whieh- the data has been collected).

7
(C02)
(POI)

d) Apply the Chi-square test to these data for the following hypotheses test:
H.-. The random variable has the fitted distribution.
H,-. The random variable does not have the fitted distribution.

9
(C02)
(POI)
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/4 a) Assume you are simulating a computer network to measure the average delaY of packets, O'
To estimate 0, you run the simulation 20 times and generated 20 independent mean delaYS

of packets. Assume the values obtained are
102

95
93

141

113 131 107 114

133 145 139 117
111 124 122 136

119 122 151 143

i. Construct a 90% confidence interval for the estimated value of 0-

ii. Find the number of additional simulation-runs to be necessary if you want to be 99%
certain that your flnal estimate of 0 is correct within i:3.25

b) You have simulated two systems for 7 replications. The sample means of the response tune
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% confldence intervals for
the difference of the mean response times of the two SYstems. Explain which SYstem has a
better response time based on the measured confidence intervals.

Consider a barbershop that can hold only three customers, one in service and two in waiting.
Additional customers are turned away when the system is full' On the average, a customer arrlves
at the barbershop for every half an hour and the barber usualIY spends 20 minutes to provide
service for one customer. You need to model the barbershop as an M IMjmjK (m = 1, and

K = 3) queueing system. Note that> the probability that there are n customers in a M/M/1
queueing system is given by

5.

In–1/Ln–2 -" /Ll/LO n > 1

#„#,–, ... #,#,(1 + ===, A)
a) Derive the formula for frnding the probability that there is/are n customer(s), n = 0, 1, 2, 3,

in the system.

P„ =

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

c) Find the rate of customers being turned awaY due to the fact that there is no space available-

d) Find the average waiting time of the customers.

Consider a single product conventional inventorY SYstem. Suppose You are asked to compare th?
results for (si s) = (20) 40)) which is called model 1) vs. (s, S) = (20, 100), which ,is called model
2) where n denotes minimum order threshold (i.e.1 an order is placed, if the inventory level is less
than s) and s denotes the maximum inventory capacity. There are three sources of randomness:
interdemand times, demand sizes, and delivery lags.

with the help of a timing diagram and necessary random numbers show that a single stream of
random numbers might result in a poor synchronization (or a lack of synchronization). Further,
show that the use of 3 streams of random numbers (one for each of the sources of randomness)

may not solve the synchronization problem completeIY.

6-

8 + 8
(C03)
(P04)

9
(C03)
(P04)

10
(COI)

(P02)
5

(COI)
(P02)

5
(COI)

(P02)

5
(COI)
(P02)

5 + 5
(COI)
(P02)
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Critical points xIv for the chi-square distribution with u df
Y = PtY „ s Xi.„> where Y„ has a chi-square distribution with w df; for large v, use the
approximation for Xi.y in Sec. 7.4.1
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0.575
1.213

1 .923
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3.455
4.255
5.07 1
5.899
6.737
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8.438
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] 0, 1 65
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1 3.675
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1 6.344

1 7.240
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