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Note: 1. Answer any FIVE full questions.
2. Statistical tables may be supplied.
1. (a) With an aid of flow diagram, explain various steps in a simulation study. (10 Marks)
(b) Demand for midgets follows the following probability distribution : (10 Marks)

Daily demand 0 i 2 3 4 -
Probability | 0.33 | 0.25 | 020 | 0.12 | 0.10

Stock is examined every 7 days (the plant is in operation every day) and if the stock level

has reached 6 units, or less. an order for 10 midgets is placed. The lead time (days until

delivery) is probabilistic and foliows the following distribution

Lead time (days) | 1 2 3
Probability 03] 05|02

When the simulation begins. it is the beginning of the week, 12 midgets are on hand,
and no orders have been backordered. (Back ordering is aliowed). Simulate 6 weeks of
operation of this system. Determine different parameters to analyse the system.

2. (a) With an illustrative example, explain the simulation of queuing system. (10 Marks)

(b) Prepare a table using event scheduling /time advance algorithm, until the clock reaches
time 15. using the interarrival and service times given below in the order shown. The
stopping event will be at time 30. (10 Marks)

Interval times | 4 5 2 8 3 7
Servicetimes| 5 | 3 | 4 | 6| 2| 7

3. (a) Explain he linear congruential method for generating random numbers and generate three

random members using above method wilh X, = 27, a =17, ¢ =43 and m = 100.
(10 Marks)

(b) Briefly explain the various tests used for testing the random numbers for their desirable

properties. {10 Marks)

4. (a) What is acceptance-Rejection technique? Generate three Poisson variates with mean
o = 0.2. (10 Marks)

(b) Enlist the steps involved in development of a useful model of input data. (4 Marks)

(c) Describe how the method of histograms can be used to identify the shape of a distribution.
{6 Marks)
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Employee| Time| Employes| Time Employee| Time
1 1.88 17 0.26 35 1.10
2 0.54 18 0.63 36 0.24
3 1.90 19 0.36 37 0.26
4 0.15 20 203 38 0.45
5 0.02 21 1.42 39 0.17
6 2.81 22 1.28 40 4.29
7 1.50 23 0.82 41 0.80
8 0.53 24 2.16 42 5.50
% 2.62 25 0.05 43 4.91
10 2.67 26 0.04 44 0.35
11 3.53 27 1.49 45 0.36
12 0.53 28 0.66 46 0.90
13 1.80 29 2.03 47 1.03
‘ 14 0.79 30 1.00 48 1.73
éf 16 0.21 31 0.39 49 0.38
] 16 |080 32 [034] 50 0.48
33 0.01
34 0.10
.{ (10 Marks)
(b} Write short note on any TWO of the following :
1 i) Process oriented simulation tools
i)  Concept of CPU simulation
ity Three step process used in validation process
} iv)  Memory simulation (2x5=10 Marks)
Y
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Sixth Semester B.E. Degree Examination, January/February 2006
Computer Science and Engineering | ‘
System Simulation and Modelling

Time: 3 hrs.) (MaxMarks : 100

Notel 1 answer any FIVE full questions.
<. Tebles A.8 of K.S. critical values and A.é A3 of
cumulative normal distribution are to be supplied from

the discrete - event simulation books.

1. ) Explain the different steps involved in a simulation study. : (8 Marks)
(b) Describe a queuing system with respect to arrival and service mechanisms, system
CoRoCity, oueue discipline, flow diagrams of arrival and service events. (12 Marks)

2. (a) Differentiate between discrete and continuous system. (5 Marks)

(d) A small shop has one check out counter. Customers arrive at this counter at
random from 1 to 10 minutes apart. Each possible value of inter arrival time has
the same probability of occurrence equal to 0.10. The service times vary from 1
to 6 minutes with probability shown below.

Sarvice time [ 2 3 4 5 6
Probability 0.05 0.10 0.20 0.30 0.25 0.10

Develop simulation table for 10 customers. Find i) average waiting time

i) average service time iii) average fime customer spends in the system. Take
random digits for arrivals as

91,72, 15, 94, 30, 92, 75, 23, 30 and for service times are
84, 10, 74, 53, 17, 79, 91, 67, 89, 38 sequentially. (15 Marks)

3. (@) What are *he major concepfs in discrete - event simulation? (5 Marks)

(b) One company uses 6 trucks to haul manganese ore from Hospet to its industry.
There are two loaders, to load each truck. After loading, a truck moves to the
weighing scale to be weighed. The queue discipline is FIFO. When it is weighed a
truck travels to the industry and returns to the loader queue. The distributions of
loading time, weighing time and travel time are as follows -

Louding tmes 0 10 & 5 10 5 10 10
Weigh times 212 12 1216 12 16
Travel times : 60 100 40 40 80

Calculate the tfotal busy time of both loaders, of the scale average loader and
scale utilization. Assume 5 trucks are at the loaders and one is atf the scale at fime
‘0’ Stopping time TE = 64man. (15 Marks)

4. (@) Mention the impaortant considerations for the selection of routines to generate
random numbers, (5 Marks)

(b) Explain combined linear congruential generators for developing random numbers,
(5 Marks)

Contd.... 2
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(c) Use the linear congruential method to generate a sequence of four fwo-digit
random numbers, with Xy = 27, a = 17, C = 43 and m = 100, What is the effect
of FIFTH two digit random integer on the above numbers? (10 Marks)

5. (a) The sequence of numbers 0.54, 0.73, 0.98, 0.11, 0.68 has been generated. Use the
Kolmogonov - Smirnov test with a = 0.05 to determine if the nypothesis that the

numbers are uniformly distributed on the interval [0, 1] can be rejecfed. Compare

F(X) and Sp(X) on a graph. (8 Marks)

(b) The &0 two digit values are given below.

0.34 10.90 |0.25/0.89 |0.87]0.44 |0.12 {0.21 [0.46 | 0.67
0.83|0.760.79| 0.64|0.70| 0.81] 0.94| 0.74| 0.22] 0.74
0.9610.99/0.77] 0.67|0.56| 0.41] 0.52| 0.73 | 0.99 0.02
0.4710.30/0.17] 0.82{0.56| 0.05] 0.45| 0.31] 0.78 0.056
0.7910.71]0.23/ 0.19{0.82/ 0.93] 0.65| 0.37| 0.39|0.42

Can the hypothesis that the numbers are independent be rejected on the basis of

the length of runs above and below the mean. Take a = 0.05. (12 Marks)

6. (a) Explain the inverse transformation technique of producing random variates for
exponented distribution. (5 Marks)

(b) Generate 5 poison variates with mean a = 0.25. (5 Marks)

(c) Generate 10 three digit random in’regérs using multiplicative congruential method
with X =117, @ =43, m = 1000.

(10 Marks)

- (@ Explain the Chi-square goodness of fit test to reject or accept a candidate
distribution. (6 Marks)

© .+ Explain the types of simulation with respect to output analysis. Give at least two
examples. (10 Marks)

(e) Write a note on model building, verification and validation. (5 Marks)

(@) The time required for 50 different employees to compute and record the number of
hours worked during the week was measured with the following results in minutes.
Use Chi-square test, to test the hypothesis that these service times are exponentially
distributed. Take the number of class intervals as k — 6, a=0.05.

Contd.... 3
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Time: 3 hrs.|
Note: 1. Answer any FIVE full questions.
2. Use of statistical tables is permitted.
(07 Marks)

{ a Definc simulation. When simulation is the appropriate tool?
h. Differentinte between the following terms :
) Svstem and system environment.
i) Endogenous and exogenous activity.
iii) Event and activity.
c. Inbricf. explain the steps in simulation study.

(06 Marks)
(07 Marks)

2 a. Explain simulation of queueing system. (08 Marks)

b. Dr. XYZ ic a dentist who schedules all patients for 30 minute appointments. Some of

the patia um more or less than 30 minutes depending on the type of dental work

to be iwm The following table shows the various categorics Of W ork. thew
probabilitics dﬂd time actually needed to complele the work.

Filling Crown | Cleaning | | Extraction y .(thckul ‘

45. 60 | 15 i 45 15

— e e _—

“0.40 015 | 015 | 010 | 020

Sinndote the dentist’s chinic for 3 hours and determine the average waiting of ume
for patients and total idle time for doctor. Assume that patients show up at the clinic
at exactly their scheduled arrival time starting at 8.00 a.m. Use following random
numbers for handling the above problem.

40 82 11 34 25 66 (12 Marks)
’ 3 4. Write discrete-event model for single channel queue. (06 Marks)
- b Prepure simulation table using event scheduling algorithm for the arrival of N
customiers using inter-arrival and service times given below, (14 Marks)

Interval times | 4] 7|8 |1 4][2[5[3]1]4]

Service times | 5 {12 3141915 8_6.11;

4 a. Define a random number. Explain statistical properties of random numbers.
{03 Marks:
b meitiphicative congruential method generate 6 random numbers (03 Marke
¢. Test thie fotlowing sequence of numbers for uniformity by using chi-square tost wd

independence by using poker test. (a = 0.05) {14 Marks)

[0.59410.928 | 0.515 | 0.055 | 0.507 0.351]0.262 [ 0.797 | 0.788 | 0.442

1

|
| l
LO()‘)/ 1 0.798 [ 0.227 1 0.127 | 0.474 | 0.825 | 0.007 [ 0.182 | 0.929 [: 0.852 |
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Derive an expression for random variate for exponential distribution. (05 Mar,
I.cad times have been found to be exponentially distributed with mean 3.7 daf

Generate 5 random lead times from this distribution.

How do you identify the distribution with data? Explain histogram method.

Explain Kolmogorov-Smirnov goodness of fit test.

Differentiate between verification and validation of simulation modcls, (04 Mark

Brieflv explain 3-step approach that aids in the validation pr«
Explain output analvsis for terminating simulation.

Explain about simulation tools.
Ixplain CPU simulation.

8 Write short notes on.

jas]

b.
C.
d.

Stmulation of inventory system.
l'ime advance algorithm.

Runs tests.

Acceptance - rejection technique.

Fok Kk ok

Csj

(03 Mar

(06 Mary
(06 Mar,

WEES, (6 Mark:
(10 Marks
(10 Marksg
(10 Marksi

|
(20 Marks)’
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o Note : i tnswer any FIVE full questions.
) 3. The statistical tables A.5 and A.6 of “Discrete Event System
i Simulation” — Jerry Banks book can be provided.
r
ot a What is system and system environment? Explain the components of a system with
| examples. (10 Marks)
; b. What are the advantages of simulation? (05 Marks)
‘ ¢, Discuss the nvpes of models of a system. {05 Marks)
24 Explain the calling population. service time and service mechanisms of a queuing
system. (08 Marks)
b, A haker bakes 30 dozens of bread loafs each day. Probability distribution of
customers is in tablel. Customers order 1, 2, 3 or 4 dozens of bread loafs according
to the distribuiions siven in table 2. Assume that on each day all the customers order
e of heead loafs. The selling price is Rs.S.4/dozen and making costs
sl Ednzen e Leor bread loats will be sold for half price ot the ond of day
Based on & davs simulation, calculate the profit of the baker. instead of 34 dozens, i
40 dozens are haked per day will it be more profitable?
Table 1: Probability distribution of customers.
i Number of customers/day 8 10 12 14
| Probability 1 035 ] 030 ] 025 | 0.10
dablelr Probability distribution of dozens ordeved
, - - Number of dozens/ customers 1 2 3 4
> | Probability 0.40 | 0.30 | 0.20 | 0.10 |
Random digits for customers- 50 61 73 24 96
Random digits for dozens - 5 3 7 0 8

(12 Muarks)

of activity
scanning approach. (06 Marks)
b. Prepare a table using event scheduling time advance algorithm for a check out
counter. Stop the simulation when fifth customer departs. Estimate mean response

fime and proportion of customers who spent 4 or more minutes in the system. Event
(14 Marks)

3 a4 What are the two categories of activities? Explan the three phases

notice must have event type. time and customer number.

Clnterawrivaltimes (8 (6 1 18 3 (8 1.

- : : " ' ]
- Service umes 4 1 4 A
' Contd.... 2
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4 a. What is the role of maximum density and maximum period in gencration of random &
numbers? With given seed 45, constant multiplier 21, increment 49 and modulus 40.
generate a sequence of five random numbers. (10 Marks) ¢
b. For the following sequence can the hypothesis that the numbers are independent can %
be rejected on the basis of length of runs up and down when o = 0.05. g
1034 10.90 J025 [0.89 [0.87 044 012 o.zg
’ 0.46 { 0.67 1083 1076 |0.79 |0.64 |0.70
094 7074 1022 1074 1096 10.99 [0.77 | o 6 _}
*ga‘e‘ Lo 411052 1073 (099 [0.02 047 1030 |
017 1082 [ 056 10.05 045 1031 1078 005 |
fo 79io 71 1023 [0.19 [082 [093 065 037 |
0.39 | 042 -
(10 Marks)
3 a. Asequence of 1000 four digit numbers has been generated and analysis indicates the
following combinations and frequencies:
Combination Observed frequency
1 0,
f Four different digits 565
; Ont__Bdlr o 392 }
{r _T'wo pairs ‘ 7.
’# _Three like digits 24 ]
__ Tour like digits 2 |
Based on Poker test check whether the numbers are independent. Use u = (.05.
(10 Marks)
b. Explain inverse transform technique for exponential distribution. Show the
corresponding graphical interpretation. {10 Marks)
b a DExplain the acceptance - rejection technique. Generate 5 Poisson’s variates with )
mean o = (.25, (10 Marks)
b. Explain Chisquare goodness of fit test. Apply it to Poisson assumption with a = 3.64,
Data size = 100 and
Observed frequency O; 12 10 19 17 10 8 75 5 3 3 1. . (10 Marks)
7 a. With examples explain output analysis. (16 Marks)

i)

Explain with a neat diagram model building, verification and validation. (10 Marks)

8  Write short notes on:
a. Memory simulation
b. High level computer system simulation
¢. Point estimation
Jo Errors while gencrating pseudo random numbers. (20 Marks)
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System Simulation and Modelling-—

Time: 3 hrs. Max. Marks: 100
Note : I. Answer any FIVE full questions.
2. Randop number Table and statistical Table book may bc

supplied.

1 a. Whatis Simulation? State any four merits and demerits of simulation. (10 Marks)
b. Differentiate the following with examples : 1) Static and Dynamic model i) Discrete and
continuous system i) Deterministic and Stochastic model. (06 Marks)

c. State any two situations where simulation can be used with justitication. (04 Marks

f Tnventory system and the various measures used
(08 Mar'

system using eveit scheduling tii=x

2 a. Briefly explain the simulation 0
evaluate the system.
b. Prepare a simulation table for a single channel quening
advance algorithm, until the clock reaches time 21, using the inter arrival timer and service
timer given below in the order shown. The stopping event will be at time 20.
[ Inter arrival time (mins) 8 6 __1_7T_§#711_‘_ ’JL_WE & 1
e e - T 15 T

| Service time (mins)

owiIng :
¢

Compute the cumulative statistics for the folle
i} Busy time of server

i) Maximum Que length.

i) Total number of customers who spend 4 or more minttes at the counter.

iv)  Total number of departures upio the current simulation time. {12 Marky)
3w Deline any four concepts in discrete event simulation with suitable examples. (03 Marksy

D

b, Use the multiplicative conginential method 10 gencrate @ sequence of four three duan
random integers for Xo = 117, a=43andm = 1000. (06 Mlarks)

¢. The sequence of numbers 0.54, 0.73. 0.98, 0.11 and 0.68 has been generated. Use

Kolmogorav - Smirnov test with o =0.05 to determine if the

are uniformly distributed on the interval (0.1) can be rejected.

hypothesis that its numipers
(10 Miarks)

¢ been found to be exponentially distributed with mean 3.7 days. Generate

4 a. Lead times hav
from this distribution using Inverse transform technique.

five random lead time variates

Take Ry = 0.01. Ry = 0.13, Ry = 0.35. Ry = 0.65. Rs = 0.53. (10 Marks)
v

b, Consider discrete distribution with DMF given by P(x) = —k—(—;—\——l—) x = o200k Pind an
(K +

"X corresponding to Random

expression for finding the values of Random variates
(10 Marks)

number ‘R

4. Explain in detail the four important steps of development of useful “Input Model

n

(16 Marks)

fol2
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5. (a) Explain the chi-square goodness of fit test to accept or reject a candidate distribution.

(10 Marks)

(b) Briefly explain the three-step approach, that aids in the validation process. (10 Marks)

6. (a) Discuss how the performance of a simulated system is measured and estimated, with
suitable illustrations. (10 Marks)

(b) With illustrative examples, describe the output analysis for steady state simulations.
(10 Marks)

7. (a) Briefly explain the process oriented and event oriented simulation tcals. (10 Marks)

(b) Discuss the concepts of high-level computer simulations by skelching a simulation model
at a computer system that services requests from the WWW (World wide Web).

(10 Marks)
8. Write short notes on the following :
(@) Advantages and disadvantages of simulation
(b) World views
(c) Model building
(d) Memory simulation. (4 x 520 Marks)

*k ok kk
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b.  Discuss how the sample mean is estimated under Normal and POISSONG
distributions. : (10 Marks)
6 a  Explain in detaj] about the mode] building | verifying and validation in the mode|
building process through a diagram. (08 Marks)
b.  The demand and Jead time for product ‘X’ are as follows :
Demand [ 83 | 104112797 T 115 |
6.9 169 160169
Test whether lead time and demand are dependent or not . Comment, (12 Marks)
7 a  Discuss in brief the output analysis for steady — state simulatjons. (08 Marks)
b.  Explain the C-++ code for generating MPP trace. (12 Marks)
8 a  Discuss about point estimation and interval estimation. (08 Marks)
b.  Explain in detail the changes in the computerized representation of the System under
I-O transformation. (12 Marks)
*kokokk
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- Note: 1. Answer any FIVE full questions.
kS) 2. Random Number Table and Statistical Table
ris) book may be supplied.
1 a. Explain the concept of system with any one live example. (05 Marks)
b, Discuss the various ways of modeling of a system. (05 Marks)
¢.  Briefly discuss about the various steps in a simulation study through an example.
(10 Marks)
5 | 2 a Discuss in detail about the various elements of any general queuing system. Further

explain the need for simulation in this environment and the various measures used to

evaluate the system. (08 Marks)
b. A news paper seller buys news papers for Rs 3.3 each and sells them for Rs 5 each.
’f Papers not sold at the end of the day are sold as scrap for Rs. 0.5 each. Papers can be
purchzsed  in bundles of only 10. There are three types of news days viz.: ~Good ™.
“ Fair” and “poor” with probabilities 0.35, 0.45 and 0.20 respectively. Determine the
optimal number of papers by simulating demands for 20 days. (12 Marks)

3 a  Explzain in detail the various steps used in Time — Advance algorithm in a discrete
event simulation using a live example. (06 Marks)
b, Six trueks cre used to haul coal from a mine to the rail road. There are two loaders
and one weighing scale. After loading, a truck immediately moves to the scale for
weighing and servicing is as per FIFS. After weighing a truck , begins a travel time
and then afterwards return to the loader queue with the distribution of travel time

as:

" Travel Time in |40 | 60 | 80 | 100
minutes ( mts)
Probability 041030201

Further the distribution of loading time and weighing time are as

Loading Time | 5 |10 [15 | Weighing Time | 12 | 10

in mts. | In mts.

Probability 03]05 [02 Probability 07103

Simulate the system to estimate the loader and scale utilization. (14 Marks)

4 a.  Discuss in brief the various problems or errors which occur while generating Pseudo
random numbers. (10 Marks)
b. Explain the Two “Goodness of Fit” tests by using an appropriate example. (10 Marks)

5 a  Explain how and what for the inverse transform technique is used to sample from

two discrete distributions. (10 Marks)
Contd...2
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The number of vehicles arriving at an intersection in a 5 minute period between 7:00 AM

and 7:05 AM was monitored for 5 working days over a 20 week period. The
gives the data.

periodXi |
Frequency in 12110 110
Lnumber of days

-
L
1

“ .

|

|

|

i

i)  Construct frequency table and find mean.
ii)  Assume Poisson distribution and estimate the parameter * o .

e ~ . ) ~ . .- -
iii) Check for Goodness of fit using Chi? = test for significance level of 3%.

Explain three step approach for validation process as formuiated by Navler

Explain Initialization Bias in output analysis of steady state simulation.

Briefly explain the sequence of pipeline stages in ILP — CPU simulation of computer '

systems.
Explain LRU stack evolution technique in simulation of computer memory.

Write short notes on :

d.

b.

d.

RUNS test.

Acceptance — Rejection technique.
Point Estimation.

Calibration process in model building.

REVI I

Arrivals per 0 [T [2 [3 |4 |5 |6 |7 I 'fi"flﬁ’"
S

Table below

(10 Marks)
and Finger.

(12 Marks)
(08Marks)

(10 Marks)
(10 Marks)

(20 Marks)
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Sixth Semester B.E. Degree Examination, June / JulyOS‘\‘ /
System Simulation and Modeling

I'ime: 3 hrs. Max. Marks: 100

Note : 1. Answer any FIVE JSull questions.
2. Use of statistical tables is permitted.

Define simulation, simulation model, entities, measures-of-performance and activities.

(05 Marks)
List three circumstances under which simulation is the appropriate tool and two
circumstances under which simulation is not the appropriate tool. (05 Marks)
Explain in brief with a neat figure the steps involved in a simulation study. (10 Marks)

Explain in bricf a simple queuing model and represent it using queuing notation. (05 Marks)
List and describe in brief the five elements / characteristics of the queuing system.

(05 Marks)
A grocery stere has one checkout counter. Customers arrive at this check out counter at
random from 1 te € minutes apart and each inter arrival time has the same probability of
3 R i:mes vary from 1 1o 6 minutes with probabilities as given below.

Sipees

i __;h»inutcs) ~“Ijhzﬁ_—§T 4 ) T 6
| Probability 0.10 ] 0.20 [ 0.30 ] 0.25 [ 0.10 | 0.05

Simulate the arrival of 5 customers and calculate 1) Average waiting time for a customer

i) Probability that a customer has to wait iii) Probability of a server being idle

iv) Average service time and V) Average time between arrivals. Use the following

sequence of random numbers. -

_Random digits for arrival : 1913 ] 727 | 01519487309 [ 922 |
_Randons diits for service time: | 84 | 10 | 74 | 53 117 [79

Assume that first customer arrives at time 0. Depict the simulation in a tabular form.

(10 Marks)
Briefly define any five concepts used in discrete event simulation. (05 Marks)
Identify the concepts in the following example (i.e example of Q 3(c) drawing relevant
figure. (05 Marks)

Six duing drucks wie used to haul coal from the entrance of'a mine to railroad. Each truck is
loaded by vne of two foaders. After loading, a truck immediately moves to the scale, to be
weighed as soon as possible. Both the loaders and the scale have a first — come, first served
waiting line for trucks. Travel time from a loader to scale is considered negligible. A fter
being weighed a truck begins travel time (during which time truck unloads) and then
afterwards returns to the loader queue. The activities of foading time, weighing time and
travel time are given in the following table.

eeding Time [1015 75 J10[ 15 10] 10|
| Weighing Time [ 12 112 11211612 16

| Travel Time | 60| 100 | 40 | 40 | 80
End of simulation is completion of two weighings from the scale. Depict the simulation
table and estimate the loader and scale utilizations. Assume that five of the trucks are at the
loaders and onc is at the scale at time O. (10 Marks)

' 1 of2
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4. Differentiate between truly random numbers and pseudo random numbers. Mention four

properties that random numbers should possess. (85 Marks)
b. Using multiplicative congruential method for generating random numbers, list the random
numbers and find the period of generator fora= 13, m= 64 and Xo = 2. (05 Marks)

c¢. A sequence of 1000 (one thousand) four digit numbers has been generated and an analysis
indicates the following combinations and frequencies.
Four different digits = 565, One pair = 392, Two pairs = 17, Three like digits = 24 and
remaining are four like digits. Based on the poker test, test whether these numbers are
independent. Use level of significance = 0.05. {18 Marks)

2. Elaborate the need for generating random variats. Given probability mass {unction pmf of

random variates and a set of uniform random numbers over the range (0,1). describe the
method to generate random variates. (10 Marks)

b. Given the uniform distribution on {1, 2, .., k} with pmf p(x) = é, x =1, 2, .., k, generate

the random variates for the five random numbers (0.81, 0.12, 0.34, 0.56 and 0.93). Derive
the formula used. Use K = 10 for generating random variates. (10 Marks)

a. Explain the need for input modeling and histogram method of identifying the input

distribution. (05 Marks)

b, The number of vehicles arriving at a junction in a five minute period was observed for 100

days. The resulting dataisas follows: -

"No. ofarrivals [0 [1 |2 |3 |4 T5]6l7181 910 it

| Frequency | 12710191710 8 (7.5]5/3.3 |1 |

it is presumed that the arrivals follow a Poisson distribution with parameter o = 3.64.

Using Chi —square test, determine whether the assumption that arrivals follow Poisson
distribution can be accepted at a 0.05 level of significance.

(Note : Expected values used should be > 5 for calculation and put the values and

calculated values in a tabular form). (15 Marks)

-
1
i

{

4. Differentiate between verification and validation of a simulation model, With a ncat
diagram, explain the relation between model building, verification and validation.
(10 Marks)
b. Describe the three step approach which has been used as an aid in the validation process.

(10 Marks)
Write short notes on:
a. Terminating and steady state simulations (65 Marks)
h. Point estimation of performance parameters. (65 Marks)
<. CPU simulation (05 Marks)

d. Memory simulation. (05 Marks)
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System Simulation and Modeling /-
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: 3 hrs.
Note : Answer any FIVE Jull questions.
With an example. define a model of a system. Give the classification of different types of
models of 2 wvstem. (04 Marks)
With niecessiry example, state any two situations where simulation is not appropriate tool
to use. (04 Marks)
With a neat flow-chart, briefly explain the different steps involved in a simulation study.
(12 Marks)
Explain any four characteristics of a queueing system. (08 Marks)
A small grocery store has only one checkout counter. Customers arrive at this counter at
random from 1 to 10 minutes apart. Each possible value of interarrival time has the samc
probubility ol occurrence equal to 0.10. The service tmes vary from 1 to 6 minutes apart
with probabilities shown below.
| Service time : [ 1 [2 |3 4 5 Je6
| Probability [ 0.10]0.20 | 0.30 | 0.25 | 0.10 1 0.05 ]
Develop simulation table for 10 customers and find the following:
1) The average time between arrivals.
i) The probability that a customer has to wait in the queue.
) The wwrvice time.
Random digits arrivals : 91, 72, 15, 94, 30, 92,75, 23,30
Random digits for service times - 84,10, 74,53, 17,79, 91, 67, 89, 38

Ve

(12 Marks)

With respect to discrete event simulation, differentiate between the terms activity and
delay. (06 Marks)
What are pseudo random numbers? List the crrors, which occur during the generation of
pseudo random numbers. (06 Marks)
Use lincar congruential method to generate a sequence of three random numbers for
Xp=27.a=8,C=47and m = 100. (08 Marks)

Consider the 60 two-digit numbers in the sequence given below. Test whether the 2™, 9th

16”’, -.... numbers in the sequence are autocorrelated, where « = 0.05 (10 Marks)
1030048036 ]0.01 [0.54103410.96[0.06 0.6 10.85 |
ey 0.80 10141 0.86 1 0.89 10.37 [0.49 | 0.60 | 0.04 | 0.83 |
042 10,83 10.37]0.21]0.90]0.89]0.910.79 0.57 [ 0.99 |
10.95 027 [ 0.41 | 0.81 | 0.96 | 0.31 | 0.09 ] 0.06 [ 0.23 0.77 |
10.7310.47]0.13 | 0.55 | 0.11 0.75]0.36 [ 0.25 [ 0.23]0.72 |
10.60 | 0.84 [0.70 [ 0.30 | 0.26 0.38[0.05[0.19[0.73 [ 0.44 |
Table Q4 (a)
Explain the inverse transformation technique of producing random variates for exponential
distribution. (05 Marks)

Generate three Poisson variates with mean oa=0.2. (05 Marks)
List the steps involved in the development of a useful model of i nput data. (04 Marks)
Explain how the method of histograms can be used to identify the shape of a distribution.

e oo e e e e - - - e (06 Marks)

(10 Marks)

Explain with a neat diagram, the model building, verification and validation.
I of2
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6 a. Explain thetypes of simulation with respect to output analysis. Give an cxample. (06 Marks)

b. Discuss.inbrief the output analysis for steady-state simulations. (06 Marks)
¢. Discuss abent point and interval estimations. (08 Marks)
SN
7 a. Briefly exptain the process-oriented and event-oriented simulation tools. (10 Marks)
b. Explain the-concept of CPU simulation and memory simulation, (10 Marks)

8 Write short notes on-
a. Data collection in input modeling. Tirr
b. Model calibration.
¢. Queueing notations.
d. Secondary properties of random numbers. (20 Marks)
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Sixth Semester B.E. Degree Examination, June/July 2()02.;.-‘
System Simulation and Modeling

. Max. Marksl()()
Note: Answer any FIVE full questions. Cooe

What is simulation? State any two of its merits and two limitations. State any two situations
where simulation can be used. (05 Marks)

Discuss the types of models of a system. (05 Marks)

Explain various steps in a simulation study. Write the flow chart for simulation study.
(10 Marks)

Describe a queuing system with respect to arrival and service mechanisms, system capacity,
queue discipline. flow diagrams of arrival and service events. (08 Marks)
A newspaper seller classifies his days into “good” and “bad™ ones with probability 0.4 and

0.6 respectively. The amounts of newspaper sold are given by the distributions below.
Good | Copies sold | Probability Bad | Copies'sold | Probability
150 0.05 150 0.1
200 0.1 200 0.3
250 0.2 250 0.4
300 0.35 300 0.15
350 0.3 350 0.05

He can buy a copy of the newspaper himself by 1 euro and he sell it with the price of 1.8
euros. Unsold copies must be thrown away. Based on 5 days of simulation calculate the
profit of the newspaper seller. Instead of 250 newspapers per day if 300 newspapers per day
are purchased will it be more profitable.

Random digits for type of day: 3 0 4 7 8
Randony digits for number of copies sold: 70 37 93 07 45 (12 Marks)
Explain the various steps used in Time-advance algorithm. (04 Marks)

Six trucks arc used to haul coal from the entrance of a small mine to the railroad. Each truck
is loaded by onc of two loaders. After loading, a truck immediately moves to the scale, to be
weighed. Both the loaders and the scale have FCFS waiting line for trucks. After being
weighed, a truck begins a travel time and then after ward returns to the loader queue. It is
assumed that 5 of the trucks are at the loaders and one is at the scale at time 6. The activity
times are given in the following table:

Loading time (min) 105 |15]5 |10
Weighing time (min) | 12 | 16 | 12 | 12 | 12
Travel time (min) 40 | 60 | 80 | 60 | 40
Simulate the system for 25 minutes, estimate the loader and scale utilization. (16 Marks)

Define a random number. Explain statistical properties of random numbers with example.

(05 Marks)
Generate 4 three digit random numbers using multiplicative congruential method with
Xo=117,a =43 and m = 1000. (06 Marks)
The sequence of numbers 0.54, 0.73, 0.98, 0.11, 0.68 has been generated. Use the
Kolmogorov-Smirnov test with a = 0.05 to determine if the hypothesis that the numbers are
uniformly distributed on the internal [0. 1] can be rejected. Compare F(x) and Sy(X) on a
eraph. Dy s s = 0.305, (09 Marks)
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When 1o use random varate peneration? What is the difference boiv oy fancfon numbe
generation and random variate generation? Explain with exampie. {(5 Marks)
Explain the inverse transformation technique of producing randomn viriaics for exponential
distribution. Generate exponential variates X; with mean 1I. Gtven random numbers
Ri=0.1306, 0.0422, 0.6597, 0.7965, 0.7696. (08 Marks) Ty
What is acceptance-rejection technique? Generate 3 Poisson variates with mean a=0.2. Use
the following random nos. 0.4357. 0.4146, 0.8353. 0.9952, 0.8004. (07 Marks)

What is the need for input modeling? Explain the steps involved in the development of a
useful model for a given set of input data, (06 Marks)

The time required for 50 different employees to compute and record the number of hours
during the week was measured with the following results in minutes. Uge Chi-square test, to 2
test the hypothesis that these service times are exponentially distributed. Tuice (he number of
cia§:§£1£gﬁvils>as K=6,a=0.05. —

Jrglﬂlgie‘g Time Time i ‘Employec r]iifim}KZETﬂ_nE
l A
I - 3|2l 142 0.39 /41 10580

(i4 Marks)

Lxplain in detail about the model building, veritying and validation process through a

diagram. (10 Marks)
What is output analysis? State its purpose. Explain point estimation ard Ihterval estimation,

(10 Marks)
Discuss the concept of high-level computer simulations by sketching & sinilinion model a1 4
termputer system that services requests trom the world wide weh (08 Marks)
Fxplain CPU and memory simulation, (06 Marks)
Explain about simulation tools. (06 Marks)
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Sixth Semester B.E. Degree Examination, Dec ﬁu, EG ‘
System Simulation and ModelmgJi /; ,_5

3 hrs. \/Iax Marks 100

Note: Answer any FIVE full questions.

What is a system, simulation and system environment? List the advantages and disadvantages
of simulation. {10 Marks)
With the help of an example, explain the components of a system. (06 Marks)
Differentiate between:

1) Discrete and continuous systems

1) Static and dynamic model

iii) Deterministic and stochastic simulation

1v) Endogenous and exogenous event. (04 Marks)

Explain in detail the simulation of quenching model. (08 Marks)
A baker bakes 30 dozens of bread loafs each day. Probability distribution of customers is in
table 1. Customers order 1, 2, 3 or 4 dozens of bread loafs according to the distributions given
in table 2. Assume that on each day all the customers order same dozens of bread loafs. The
selling price is Rs. 5.4/ dozen and making cost is Rs. 3.8/ dozen. The left over bread loafs will
be sold for half price at the end of day. Based on 5 days simulation, calculate the profit of the
baker. Instead of 30 dozens, if 40 dozens are baked per day will it be more profitable?
Table 1 : Probability distribution of customers

Number of customers / day 8 10 12 14

Probability 0.35 0.30 0.25 0.10
Table 2 : probability distribution of dozens ordered

Number of dozens / customers ! 2 3 _5:;_" B

Probability 0.40 0.30 0.20 | 0.1 0

Random digits for customers— 50 61 73 24 96

Random digits for dozens — S 3 7 0 8
(12 Marks)

Explain time- advance algorithm with an example. {06 Marks)
What is world view? Explain three phases of activity scanning approach. (06 Marks)
Briefly explain manual simulation using event scheduling for single channel queue.

(08 Marks)
Briefly explain the different characteristics of quenching systems. . (05 Marks)
Explain LCG with the constraints on a, ¢ and m. Also discuss the properties of LCG.

(:8 Marks)
Generate random numbers for seed 2, constant multiplier 13, increment U and modulus of 2°.

(07 Marks)
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5 2. Differentiate between chi-square and K-S Test. (04 Marks)

b. Using X test, test for hypothesis that the data given follows uniform distribution at ¢ - 163

..... .

Fhe eritical value is 16.9.

[0 [ 8 T8 [10] 928 [10]14]10]11]

(08 Marks:

¢.  Determine the hypothesis of independence for runs above or below the mean for the sequence
of numbers given below :
| 089 [ 094 ] 074 | 091 | 055 Gz |
| | 0.75 1 008 [ 054 | 0.02 | 001 936 | 016
Uiy | | 095 1 069 | 018 | 047 | 023 | 032
L 031 ] 042 [ 073 [ 004 | 083 ] 045 | 013 | 057
Also for o =0.05 Z, = 1.96. (08 Marks)
6 2. Explain in detail the inverse transform technique for exponential distribution. (10 B7

b. Explain chi-square goodness of fit test to accept or reject a candidate distribution. {19 Ma, Ky

7 a. Discuss with the help of neat diagram model building. Verification and validation with

diagram. (10 Marks)
b.  Explain iterative process of calibrating a model. (10 Marks)

8 Write vhort notes on

a2, Point es

i vilon
¢ou computer system simulation
d. interval estimation.

{20 Marks)
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Eighth Semester B.E. Degree Examination, May/June 2010
System Modeling and Simulation

Time: 3 hrs. Max. Marks:100
Note: Answer any FIVE full questions, selecting at least TWO questions from each part.

1

a.

PART-A
What is simulation? Explain with flowchart, the steps involved in simulation study.
(10 Marks)

b. Differentiate between continuous and discrete systems. (05 Marks)

C.

What is system and system environment? List the components of a system, with example.
(05 Marks)

A grocery store has one checkout counter. Customers arrive at this checkout counter at
random from 1 to 8 minutes apart and each interval time has the same probability of
occurrence. The service times vary from 1 to 6 minutes, with probability given below :
Service (minutes) 1 2 3 4 5 6
Probability 0.10 { 020 | 030 | 0.25 | 0.10 | 0.05
Simulate the arrival of 6 customers and calculate :
Average waiting time for a customer
Probability that a customer has to wait
Probability of a server being idle
Average service time and
Average time between arrival.
Use the following sequence of random numbers :
Random digit for arrival 913 | 727 | 015 | 948 | 309 | 922
Random digit for service time 84 | 10 | 74 | 53 17 | 79
Assume that the first customer arrives at time 0. Depict the simulation in a tabular form.

(10 Marks)
Briefly define any four concepts used in discrete event simulation. (04 Marks)
Explain event scheduling algorithm by generating system snapshots at clock=t and
clock =1t;. (06 Marks)

Six dump trucks are used to have coal from the entrance of a mine to a railroad. Each truck
is loaded by one of the two loaders. After loading, a truck immediately moves to the scale, to
be weighed as soon as possible. Both the loader and the scale have first-come first-served
waiting line for trucks. Travel time from a loader to scale is considered negligible. After
being weighed, a truck begins travel time [during which time truck unloads] and then
afterwards return to loader queue. The activities of loading, weighing and travel time are
given in the following table :

Loading time |10 |5 5 10 (15 |10 |10

Weighing time | 12 |12 {12 |16 |12 |16
Travel time 60 (100 |40 |40 |80

End of simulation is completion of two weighings from the scale. Depict the simulation
table and estimate the loader and scale utilizations. Assume that five of the trucks are at the
loaders and one is at the scale at time 6. : (05 Marks)
Define a discrete random variable. Explain the binomial distribution. (05 Marks)
A production process manufactures alternators for outboard engines used in recreational
boating. On the average, 1% of the alternators will not perform up to the required standards
when tested at the engine assembly plant. When shipment of 100 alternators is received at
the plant, they are tested, and if more than two are non confirming; the shipment is returned
to the alternators manufacturer. What is the probability of returning a shipment? (10 Marks)
: 1of2
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Explain the characteristics of a queuing system. List different queuing notations. (10 Marks)
A tool crib has exponential interarrival and service times, and it serves a very large group of
mechanics. The mean time between arrivals is 4 minutes. It takes 3 minutes on the average
for a tool crib attendant to service a mechanic. The attendant is paid $ 10 per hour and the
mechanic is paid $ 15 per hour. Would it be advisable to have a second tool-crib attendant?

(10 Marks)

PART-B
What are pseudo random numbers? What are the problems that occur while generating
pseudo random numbers? (06 Marks)
Explain combined linear congruential method for random number generation. (06 Marks)

The sequence of numbers 0.54, 0.73, 0.98. 0.11 and 0.68 has been generated. Use the
Kolmogorov-Smirnov test with o = 0.05 to determine if the hypothesis that the numbers are
uniformly distributed on the interval [0, 1] can be rejected. (08 Marks)

Suggest a step by step procedure to generate random variates using inverse transform
technique for exponential distribution. (06 Marks)
Enlist the steps involved in development of a useful model of input data. (04 Marks)
Records pertaining to the monthly number of job-related injuries at an underground coal
mine, were being studied by a federal agency. The values for the past 100 months were as
follows :

Injuries per month 0 1 2 3 4 5 6

Frequency of occurrence | 35 | 40 | 13 6 4 ] 1

i) Apply the chi-square test to these data to test the hypothesis, that, underlaying
distribution is Poisson. Use a level of significance of a = 0.05.

ii) Apply the chi-square test to these data to test the hypothesis, that, the distribution is

Poisson with mean 1.0. Again let o = 0.05. (10 Marks)
Briefly explain the measure of performance of a simulation system. (10 Marks)
Explain the distinction between terminating or transient simulation and steady state
simulation. Give examples. (10 Marks)

Explain with a neat diagram, model building, verification and validation process. (10 Marks)
Describe the three steps approach to validation by Naylor and Finger. (10 Marks) .
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