www.studentsuvidha.in

B.E.
Seventh Semester Examination, Dec, 2009
OPERATION RESEARCH

Note : Attempt five questions. All questions carry equal marks.
Q. 1. Define Operation Research. What are applications and limitations ol O.R. in industry?

Ans. After tracing the process of establishment and growth of Operations Research, we can consider it as
a source 10 other new sciences. Literally, the word 'operation’ may be defined as some action that we apply to
some problems of hypotheses and the word 'research’ is an organised process.of secking out facts about the
same. In fact, it is very difficult to define O.R., mainly because of the fact that its boundaries are not clearly
marked. O R. has heen variously described as the "science of use”, "quantitative common sense,” "scientific
approach to decision making problems”, etc. But only a few are commonly used and widely accepted, namely,

{i) "OR is the art of giving bad answers to problems which otherwise have worse answers."
. —T.L. Satty

(i1} "OR is a scientific method of providing executive departments with a quantitative basis for decisions
under their control.”

.M. Morse and GE. Kimball

{iii) "OR is the application of scientific methods, techniques and tools for problems involving the opera-
lions of a system 50 as to provide those in control of the sy stem with optimum solutions to the problen.”

—Churchman, Ackolf and ArnofT

{iv) "OR is applied decisions theory. It uses any scientific, mathematical, or logical means to attempt to
cope with the problems that confron: the executive, when he tries to achieve a thorough-going rationality in
dealinz with his decision problems.”

—D.W. Millerand M.K. Starr

{v) "OR is the attack of modern science on problems of likelihood that arise in the management and
control of men and machines, materials and money in their natursl environment, its special technique is to
invent a strategy of control by measuring, comparing and predicting probable behaviour through a seientific
maodel of a situation.”

—DBeer

O is mainly concerned with the techniques of applying scientific knowledze, besides the development
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of science. It provides an understanding which gives the expert/manager new in sights and capabilities to
determine better solutions in his decision-making problems, with great speed, competence and confidence.
Following are the five major areas of research that have proved amenable to the particular techniques of O.R. :

I O.R.isuseful to the Directing Authority in deciding optimum allocation of various limited resources
such as men, machines, material time, money etc. for achieving the optimum goal.

2 O.R. isuseful to production specialist in :
() Designing, selecting and locating sites;
(i) Determining the number and size;
(iii) Scheduling and sequencing the production runs by allocation of machines; and
(iv) Calculating the optimum product mix.

3. O.R. isuseful to the Marketing Manager (executive) in determining :

(  How to buy, how often to buy, when to buy and what buy at the minimum possible cost;
(i) Distribution points to sell the products and the choice the customers;
(i) Minimum per unit sale price;

(v} The customer's preference relating to the size, calour, paging, etc., for various products and
the size of the to meet the future demand; and

(v}  The choice of different media of advertising.
4. 0.R. is useful to the Personnel Administration in finding gut :
(i) Skilled persons at a minimum cost;

(i)  The number of persons to be maintained on full time in a variable workload, like freight
handling, etc.,;

(i)  The optimum manner of sequencing personnel to a vast of jobs.
5. O.R. is useful to the financial controller .o :

1] Find out a profit plan for the company;

(i)  Determine the optimum replacement policies; and

(iiiy  Find out the long-range capital requirements as well as ways and means to generate these
requirements.
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Keeping in view the above few cited applications, it may no surprising to say that O.R. is used in almost
every walk of life, when a decision is sought.

Techniques of O.R.

By this time O.R. has developed so widely that it may not be post to enumerate all the available techniques
of O.R. under a common satisfaction, However, some of the commonly accepted well-defined problems of O.R.
is used in almost every walk of life, where a decision is sought.

3. Techmigues of O.R. :

By this time O.R. has developed so widely that it may not be to enumerate all the available techniques of
O.R. under a common sutisfaction. However, some of the commonly accepted well-defined problem of O.R. can
be classificd as follows : !

Y. Allocation problems
2. Competitive problems
3. Waiting line problems
4. Sequencing problems.
Limitations of O.R. :

Formulation of industrial problems may be generalised into different groups of classical problems, the
package programme for which is available for mechanisation and for manual solutions.

Various problems of optimization can be brought to the mode! of a linear programme for which solution is
available. During formulating the problem, the class of the problem is to be decided and the parameters are to
be defined accordingly.

Inventory control, production planning, product mix, transportation problem, etc., are very contmon to
the industries. The cost reduction with the help of these tools is very much powerful in comparison to any other
conventional method. We can enumerate the advantages of these technigues as :

(i) Optimum use of production factors:

Linear programming techniques indicates how a manager can most effectively employ his production
factors by more efficiently.selecting and distributing these elements.

(i) Improved quality of decision :

The computation table gives a clear picture of the happenings within the basic restrictions and the
possibilities of compound behaviour of the elements involved in the problem. The effect on the profitability
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due to changes in the production pettern will be clearly indicated in the table, e.g., Simplex Table.
(iil) Preparation of future managers :
These methods of substitute a means for improving the knowledge and skiil of young managers.
(iv) Modification of Mathematical Solution :

O.R. presents a possible practical solution when one exists, but it is always a responsibility of the
manager to accept or modify the solution before its use. The effect of these modifications may be evaluated
from the computational steps and tables.

{v) Alternative solutions ;

O.R. techniques will suggest all the alternative solutions available for the same profit so that the manage-
ment may decide on the basis of its strategies.

In spite of these adwr_nages. O.R. techniques have certain limitations also, which are listed below :
(a) Practical application :

Formulation of an industrial problem to an O.R. set programme is a difficult task,

{b) Reliability of the proposed solution :

A non-linear relationship is changed to linear for fitting the problem to linear programming pattern. This
may disturb the solution.

{c) Money and time cost :

Particularly when the basic data is subject to frequent changes, the cost of changing programmes manu-
ally is a costly affair.

(d) Combining two or more objective functions :

Very frequently maximum profit does not come from manufacturing the maximum quantum of the most
profitable product at the most convenient machine and at the minimum cost, since this way lead to underutilization
of certain lines of production.

). 2. (a) Solve by graphical method.
Minimize 4X; +2X,
Il.lhj!ﬂttﬂ X. 4 xg 23

X,—K;EI;II. X:EU
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Ans. Mini. 4x) +2x;
Subto. x)+x3 23
My =Xy =2
Xp, %320

Corresponding equality is

Xp+x3 =3 & Xy —Xg =2
X100 x| 0|2
Ka 3|0 12 -2 '0

X2
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i}
"2

)y

Ze =4(3)+2(0)=12

Optimal feasible region is unbounded comer points are B[% ) , €(3,0)

Minimum value is at B[E ,l) is 11
22

5 l
Solution is X =E+ X3 =‘i

Minimize = [

L
=, miniz=11|,
2

bd | LA

xls 'll=

€. 2. (b) Write the dual of the above problem and solve the dual by simplex method.

Ans, Dual of the Q 2. (a) is
Maximum. 3y, +2y»
Sub.to. ¥y +y; <4
Y1-Y2 52

Y1:¥220

To solve it by simplex method, first write it in standard form,
Max., 3y; +2y;

Subto. y) +y; +5 =4

Yi-¥a+85=2
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Starting simplex table is,

Basic

¥z

¥y

Yi. ¥2 20

Y1

Yi

Yi

¥z

Y2

5

5

5

W -

0| —

Ly ]

 a/1=4

21=2

22=]
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Aj=C;-2, 0 0 _5/2 -

.- all & are either —ve or zero so we get optimal solution.
= yi=3,yx=1
Max. value 3(3)+2(1) =11,
Q. 3. (a) Solve the LPP by Dual Simplex rethod.
Maximize —1X; - 2?{.3 -4X3
subjectto 2X; +3X, +5X,22;
3X;+X;47X;23
X, +4X;+6X; > 5;
X,20,X;20,X520.
Ans. Maximum z = -2x; —2x2 —4x4
Sub.to. 2% +3x; +5x322
Iy +x+Tx323
X +dx; +6x3 <5
Xp+ X2, X320
Convert the = type constraints 1o < type, we get
Maximum. z=-2x) -2x; —4x3
Subto: =2x) =3x; =5x; -2

—-3:“ —X3= 73(3 =-3
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=
CJ i,
Cg  Basic b
0 5 _ -2
] S -5
0 83 -5
A;=Cj-25 -2

-2

—X; - 4%; =63 £ -5
—2.\']-312-513 'I'ﬁl =2
=3 =% =Txy+383 =-3

Xy = 4%y —6x3 +53 =5

-4 0 0
X3 X5 )
-3 -5 1
- -7 0
% 0
-4 0 0

+ by is must —ve it becomes outgoing variable

' 1
Since the smaller ratio is *2-*
Cp Basic

0 5 74

0 57 4

-5/4

=114

2,21 42

S gAY E 3
X, X, X
0 -112 1
0 12 0

5

o

5 8

~3/4

-1/4
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b |

-2 X2 5/4 1/4 |

- All bj are the it becomes optimal solution.
X1 =0, Xaq .=5.l’4. X3 =0,

(. 3. (b) Discuss the concept of travelling sslesman problem.
Ans. Travelling salesman problem :

Suppose a salesman has to visit n cities. He wishes to start from a particular city, visit each city once, and
then return to his starting point. The objective is to select the sequence in which the cities are visited in such
away that histotal travelling time is minimized. Clearly, starting from a given city, the salesman will have a total
of (n—1)! different sequences (possible round trips). Further, since the salesntan has to visit all the n cities, the
optimal solution remains independent of selection of the starting point.

The problem can be represented as & network where the nodes and arcs represent the cities and the
distance between them, respectively. Let in a five-city problem, a round trip of the salesman be given by the
following arcs : ;

(3, 1,(1,2),(2,4),(4,5),(5,3)

These arcs, taken in order, the called the first, second, third, fourth and fifth directed ares for the trip. In
seneral the | th directed arc represents the ™ leg of the trip, i.e., on leg k the salesman travels from city i to

City jUL,i= 1.2, ey i j )

To formulate the problem whose solution will yield the minimum travelling time, let the variable: X; be
delined as

I, ifkMdirected arc is from city i to city j,

Xin =
ik 0, Otherwiss

where i, j and k are integers that vary between | and n.
Following are the constraints of the problem ;

(i) Only one directed arc may be assign: . to a specific k, thus,
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2%k =1 k=1,2,uun
i

i=)
(b) Only one other city may be reached from a specific city i, thus

E}:xm =1 i=1,2,. 0
ik

{c) Only one othe: city can initiate a direct arc to a specified city j, thus,

szijk =1 j=L2,.uh
i k

(d) Given the k™ directed arc ends a some specific city j, the (k+1)th directed arc must sltarutﬂwm
city j: thus
2 Xijk = 2 xje(k+1), forall jand k
}#j ::j

[ hese constraints ensure that the round trip will consists of connected directed arcs. The objective
function is to minimize,

2= XX g
ik 4

where d,; is the distance from city i to city j.

Formulation of travelling salesman problem as an assignment problem.

I'he travelling salesman problem is very similar to the assignment problem except that in the former, there

is an additional restriction. A similar problem crisis when nitems say A;,i=1,2,..........., n are to be processed
on a machine in a scheduled time. The problem then becomes of choosing the sequence of these items. Let the

set up cost of the machine when item A | is followed by A, be ¢jj. Also let Xj; = | ifitem A, is followed by A
directly and 0 otherwise. It is to be noticed that € = % when i =j. i.e., the item A ; isnot processed again after

A ;. Itis important to note that only one %j; =1 for each value of i and for each value of j.

In view of above, the assigniment problem can be solved and one may hope that the solution satisfies the
additional restriction also.

n/
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If the solution to the assignment problem does not satisfy the additional restriction, then after solving the
problem by assignment technique, we use the method of enumeration.

Q. 4. (a) Solve the initial basic feasible solution to the transportation problem by the method of NWCR
and VAM. The following table gives transportation time (in hours) from factories to warchouses :

W, W, W, Wy
) 25 30 20 40 37
Fa 30 25 20 30 22
F 40 20 40 3s 32
25 20 25 21
Ans.
W, W, W W,
F 2 0 2 © n
2 2 2 P 0 2
F 20 2 40 3 2
25 2 ) 21
NWCR Method :

This feasible solution is non-degenerate basic feasible solution; for the allocated cells do not form a loop.
The transportation cost according to the above route is given by

Z=25x25+12x30+8x25+14x20+11x40+2]1x35
=625+360+200-+ 280 +440+ 735

= 2640

n/
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VAM Method :
0x20+22x20+40x3+25x25+40x 12 +35x9
400 + 440+ 120+ 625+ 480+ 315
= 2380
Q. 4. (b) Discuss the concept of assignment problems.
Ans, The assignment problem :
The assignment problem is a special case of the transportation problem in which the objective is to assign
anumber of origins to the equal number of destinations at a minimuin cost (or maximum profit). The assignment
is 1o he made on a one-to-one basis,

Example of an assignment problem :

There are n jobs for a factory and the factory has n machines to process ths jobs. Ajob i (= I, .oy 1)
when processed by the machine j (= 1, ......, n) is assumed to incur a cost €jj. The assignment is to be made in

such a way that each job can associate with one and only one machine. Determine an assignment of jobs to
machines 50 as to minimize the overall cost.

Muthematical formulation of the problem :

Let Xjj be a variable defined by,
_ |0 ifthe ith job is not assigned to the jth machine
¥§=11  ifthe ith job is assigned to the jth machine
then clearly, since only one job is to be assigned to each machine, we have,

n
Elij"l

=]

n
and E"ii=]
jal

Also, the total assignment cost is given by
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g T B

=h
s, toe asssgnment problem tikes the following mathematical form :

Determine, ~y "' G Lol s as o

i
Munimize 2= 3 3«

=111

Tl

st e thie constraints

- A
E""ll ! =l o
|
il
aiad Ex" | [ SRR | |
Pl
with Xy =0 or 1

The speciab structure of Assignment Problem allows a more convenient method of solution,
). 5. Bascd on the etivitics given below :

Gy Draw the network disgram

ih) ncturmi'ne the Critical path

(¢) Determine project completion time

(d) Determine total float for each activity

Activity A B C D E F G H
Predecessor - A A B B E D ED
Optimistic Time 2 8 14 4 6 [ 18 8

Most likely Time 4 12 & 10 12 8 18 14
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Pessimistic Time 6 i6 30 16 I8 2z 30 32

Ans.A project is represented by the network in Fig. 20.11 and has the following :

Task A B C D E F G H I
Largest Time 5 18 2% 15 6 7 7 3
Greatest Time 10 0 0 25 2 9 5

o

Most Likely Time B X I8 20 9 10 B 4
Determine the following :

{a) Expected task times and their variance,

{b) The carliest and latest :prbcted times to reach each node,

{c) The critical path, and

(d) The probability of a node occurring at the proposed completion date if the marginal contract time of
completing the project is 41.5 weeks.

(a) The expected task time, t,, is calculated by using the three given estimated times in the relation,

_ tﬂ""“m‘f'tl
[e-——-ﬁ—

The variance, 2. for the tasks is calculated by the formula,

3
i, -t
&

The following table provides the required information regarding ty and 52

(1.2) 3 1] g 78 0.69%4
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(1,3)
(1.4)
(2,5)
(2,6)
(3,6)
4.7
(5.7

(6,7)

16
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® B & B

=]

2 200 0444
330 5429
18 180 0443
20 200 2780
9 90 1.00
10 938 0,654
8 80 0111
4 40 oo

(b) T, or E{u;}, the earliest expected times for each node is obtained by taking the sum of the expected
times for all the activities leading to node i. When more than one activity leads to a node i, the greatest of
E{u;} is chosen. Thus, we have

Efw }=0

E{pu2}=0+78=78m
E{u;}=0+200=200
E{ps}=0+330=330
E{us}=78+180=258

E{pg} = max.{78+200,200+9.0} =290

E{p7} = max.{33.04 93, 258 + 8.0, 29.0 + 4.0} = 428

For the latest expected times as start with Ty, for the last node as equal to Tg or {Ep, }. Now for each
path move backwards, subtracting the "t," for each activity link. Thus, we have
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E{L }=428

E{Lg¢}=428-40=388
E{Ls}=428-80=348
E{Ls}=428-98=330
E{L3}=388-90=298

EfL;} = min.{348-180, 388-200} =168

E{L}=min.{168-78, 298~200, 330, 330} = 0

{c} For the critical path, we calculate the slack time by taking the different between the earliest expected
times and latest allowable timgs, that is T; = T;, = T, . Once the slack times are known to us, the critical path

N @ may be determined by finding the path with zero slack. The critical path for the problem under consideration is
shown in fig. 20.12, This is shown by the dark double line on the activity chart. The following table gives the

calculations for T,, T) and T,.

Table PERT Calculations :

Node b E{u;} E{L;} T ﬁr{”j}
Te Tu o

2 T8 T8 16.8 a0 0654

3 20.0 200 298 o8 0444

4 30 330 30 00 o9

5 180 258 348 9.0 1.137

6 o0 290 388 9.8 144
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7 98 428 428 00 6.123

{d) The scheduled titne of completing the project is 41.5 weeks. Therefore, the distance in standard
deviations, that schedule time is from T;,is given by

ST -E{w} _415-428 _

Vo) VeI

where ST, denotes the schedule time.

Therefore, we shall have
P{z<D;} =030

which is the area under standard normal curve bounded by ordinates at x = 0 and x =0.52,

The physical interpretation of this is that if the project is performed hundred times under the same
conditions, then there will be 30 occasions whea this job would take 4 1.5 weeks or less to complete it. In other
words, only 70 times the job would take time longer than 41.5 weeks,

Q. 6. Assuming Poisson arrival rate and exponential service time for M/M/1 system, the mean arrival
rate is B per hour and the mean service time is 6 minutes. Determine :

(a) Probability that the system is busy
(b) Average time spent by customer in queae,
(c) Average length of the queue

(d) Average number of customers in the system,

Ans. Hege, A =8 perhour

1) =é:¢ﬁrﬂ=|ﬂ'pﬁtrhﬂm

%

= |+

=£=_ﬂ
1]

(a) Probability that the system is busy or the person arriving have to wair is
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sy |_{[_£J:in£
] B

{b) Average time of a customer (in a queue) is given by,

A___8 _ 8
u(p-1) 10{10-8) 10x2

(¢} Average length of the queue

32 82 64

TH-n) i0(0-8) 10

{d) Average no of customer to the system.

e Dl
p=-% 10-8

Q. 7. (2) What is simulation? Discuss its different models and applications in industry.

Ans, Introduction ;

Simulation is a method of solving decision-making problems by designing, constructing and manipulat-
ing a model of the real system. It is defined to be the action of performing experiments on a model of a given
system. It duplicates the essence of a system or activity without actually obtaining the reality. Here a system is
defined as a collection of entities or components which act and interact together towards the accomplishment
of some logical end or a goal and a model as a representation of the system.

It is easy to see that many problems in industry, business and administration in reality are extremely
complex in nature. Generally, in attempting to solve them scientifically, we find that one of the following three

cases arises |
{a)  The problem is amenable to both description and analysis by a mathematical model,

{(b)  The problem is amenable to description by a mathematical model; howewver, correct analysis of the
model is beyond the level of mathematical sophistication of the analyst.

{c)  Even the description by a mathematical model is beyond the capabilities of the analyst.

It is found that in a large number of situations, the focus is sufficient to give one useful insight into the
decision problem. Before deciding the use of simulation as a technique for system analysis, the following
advantages should be weighed against the disadvantages and limitations of the simulation technique.
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Advantages :

It is useful in sulviﬂg.pmhlums where all values of the variables are not known, or partly known in
advance and there is easy way to find these values.

2. The model of a system, once constructed, may be employed as often as desired to analyse different
situations.

3, Simulation methods are handy for analysing proposed system in which information is sketchy at
best.

4, The effect of using model can be observed without actually using it in the real situation.

5. Usually data for further analysis can be easily generated from a simulation model.

6. Simulation methods are easier to apply than pure analytical methods. The non-technical executives
can comparehend simulation better,

Disadvantages:

I. Adequate knowledge of the parts of the system in no sense guarantees adequate knowledge of the
system behaviour.

2. Simulation, model is "run" rather than solved,

3. Simulation does not produce optimal result. It provides a satisfactory approach only. '

4. Each simulation run is like a single experiment conducted under a given set of conditions. A number
of simulation runs are necessary and thus time consuming procedures.

5. People develop the tendency of using it even if analytical techniques are better suited in the situa-

tion.

Simulation may be defined as a quantitative technique that uses a computerized symbolic model in order
to represent actual decision-making under uncertainty for determining alternative courses of action based
upon facts and assumptions. To elaborate, simulation involves the construction of symbolic model that de-
scribes the systems' operation in terms of individual events and components; dividing the system into smaller
component parts and combining them in their natural and logical order; analysing the effects of their interac-
tions on one another (probably by a computer analysis); studying various specific alternatives with reference
to the performance of the model and choosing the best one .

Q. 7. (b) Discuss different models of decision making.

Ans. Classification of O.R. models ;

"Model building is the essence of the Operations Research approach .


http://studentsuvidha.in/

www.studentsuvidha.in

Although the classification of O.R. models is a subjective probability several basic types of O.R. models
may be distinguished as follows :

1, lonic (Physical) Models are pictorial representation of systems and have the appearance of the real
thing. Examples of models are : a child's toy, a photograph, a schedule of operation a histogram, a physical
model such as a small-scale model of a build an engine, etc. These kinds of models are called 'Iconic’ because
they ‘look-alike' items to understand and interpret. An ionic model is said be "scaled-down' or 'scaled-up'
according as the dimensions of the are smaller-down' or 'scaled-up' according as the dimensions of the model
are smaller or greater than those of the real item. For instance, in biological the structure of a cell may be
illustrated by an enlarged (scaled lonic model for teaching purposes.

Iconic models are easy to observe, build and describe, but difficult to manipulate and not very useful for
the purpose of predict. Commonly, these models represent a static event.

. These models of do not include those aspects of the real system are irrelevant for the analysis. For
example, in the scientific study of structure of an atom, the colour of the model is irrelevant whereas relative
locations of the sphere are not relevant features of the system represented. It is possible to construct iconic
models up to three dimensions (e.g., atom, globe, small acroplane, etc.) whereas it is not possible to construct
them physically for higher dimensions. This calls for separate category of models.

2. Analogue models are more abstract than the iconic ones for there is no "look-alike, correspondence
between those models and real items. They are built by utilizing one set of properties to represent another set
of properties. For instance, a network of pipes through which water is running could be used as a parallel for
understanding the distribution of electric currents. Graphs and maps in various colours are analogue models in
which different colours correspond to different characteristics, e.g., blue representing water, brown represent-
ing land, yellow representing production, etc. Demand curves, flow charts in production control and frequency
curves in statistics are analogue models of the behaviour of events. Graphs of time series, stock-market
changes are other examples of analogue models. Analogue models are easier to manipulate and can represent
dynamic situations. These are, generally more useful than the iconic ones because of their vast capacity to
represent the characteristics of the real system under investigation.

3. Mathematical (symbolic) models are most abstract in nature, They employ a set of mathematical sym-
bols to represent the components (and relationships between them) of the real system. These models are most
general and precise. However, it is not always possible to depict & real system in mathematical formulation,
somefimes it is easier to use mathematical symbols for describing the relationship of the components and
sometimes an analogue model may express the pattern of this relationship in a better way.

{a) Combined analogue and mathematical models :

Sometimes, analogue models described by means of mathematical symbols may belong to both type 2
and type 3 models. For example, simulation model is of the analogue type but uses formulae. This model is very
commonly used by the managers to 'simulate’ their decisions, by studying the activity of the firm summarised
in a scaled-down period.
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(b) Function Models :

Models may aiso be grouped according to the function performed. For example, a function may serve to
acquaint the analyst with such thing as a blueprint of layouts, tables carrying data, a schedule indicating a
sequence of operations (¢.g., in computer programming), etc.

{c) Quantitative models are those models that can measure the observations. A yardstick, a unit of
measurement of length, value, degree of temperature, etc., are quantitative models. Other examples of quantita-
tive models are the transformation models that help in converting a measurement of one scale into one of the
other scales (e.g., Logarithmic tables, Centigrades v.s., Fahrenheit conversion scale) and the test models, that
act as 'standards' against which measurements are compared (e.g., a specified standard in production control,
business dealings, the quality of a medicine).

(d) Qualitative models are those that can be classified by the subjective description. Examples of these are
the "economic models” and that "business models" which represent the gathering of all models pertaining to
economic or business problems, respectively. :

Q. 8. Write notes on :
{a) Resource Levelling
(b} Design of simulation
() Floal
Ans. (b) Design of simulation :
Sleir (i) : Select the measure of effectiveness
Step (ii) : Decide the variables which influence the measure of effectiveness significantly.
Step (iii) : Determine the cumulative probability distribution for each variable in step (2)
Step (iv) : Get a set of random numbers.
Step (v) : Consider each random number as a decimal value of the cumulative probability distribution.

Step (vi) : Insert the simulated values so generated into the formula derived from the chosen measure of
effectiveness.

Step {vii) : Repeat step (v) and (vi), until sample is large enough for the satisfaction of the decision maker.
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