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MODULE 1
OPERATIONSRESEARCH

Management scienceisasynonymouswith operational research.
Operation sresearch providesaquantitativetechnique or ascientific
approach to the executivesfor making good decisionsfor operation
under control. It providesascientific gpproach to problem solving for
executive management.

Definitions

Operations Researchisthe application of methods of scienceto
complex problemsarising in the direction and management of large
systemsof man, machine, material and money inindustry, business,
government and defence. Thedistinctive approachisto develop a
scientific model of the system, incorporating measurementsof factors
such as chance and risk, with which to predict and compare the
outcomes of the alterative decisions, strategies and control. The
purpose isto help management, determineits policy and actions
scientificaly.

Operations Research is defined as Scientific method for
providing executive departments aquantitative basisfor decisions
regarding the operations under their control. - PM. Morse and
GE.Kimball.

Thisdefinition suggeststhat the Operations Research provides
scientificmethodsfor an executiveto make optima decisonsbut does
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not giveany information about various model sor methods. But this
suggests that executives can use scientific methods for decision-
making. According to Daellenbach and George, “ operationsresearch
isasystematic gpplication of quantitative techniquesand toolswhich
in conjunction with asystem approach are applied to solve practical
decision problemsof an economic or engineering nature.”

Accordingto SL Cook, operationsresearch has been described
as amethod, an approach, a set of techniques, a team activity, a
combination of many disciplinesand extension of particular decisons
(mathematics, engineering, economics) anew discipline, avocation,
evenardigion. Itisperhagpssomeof all thesethings.”

Operationsresearchisanew discipline. Thismethod utilizesthe
inter disciplinary team work to solve a complex management
problem. An operations research approach seeks to obtain an
optimal solution to the problem under analysis. It isacontinuous
process.

Objectives of Operations Research

The objective of Operations Researchisto provideascientific
basisto the decision maker for solving the problemsinvolving the
interaction of various componentsof an organization by employinga
team of scientistsfrom variousdisciplines, all working together for
finding asolutionwhichisinthebest interest of theorganization asa
whole. Thebest sol ution thus obtained isknown asoptimal decision”.

Development of Operations Research

Thefoundation of Operations Research was during the Second
World War. At thetime of Second World War, the military manage
ment in England invited ateam of scientiststo study thetactical and
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strategic problemsrelated to air and land defense of the country. The
problem attai ned significance becausetheresourcesavailablewith
England werevery limited at that time.

Theobjectivewastowinthewar with available scanty resources.
Theresources such asfood, medicines, bullets, |abourersetc., were
necessary to manage war and for the use of the population of the
country. It wasessentia to decide upon themost successful utilization
of the available resources to achieve the objective. It was aso
essentid to utilizethemilitary resourcescarefully. Hence, the Generals
of military, invited ateam of experts such as scientists, doctors,
mathematicians, business people, professors, engineersetc., and the
problem of resource utilization isgivento them to discussand come
out with afeasible solution. These specialistshad abrain storming
session and came out with amethod of solving the problem. This
method worked out well in solving thewar problem. Asthismethod
of solving the problem was invented during the war period, the
subjectisgiventhename’ operationsresearch’.

After the war scientists who had been active in the military
Operations research group made efforts to apply the operations
research approach to civilian problemsrelated to business, industry,
research development etc. in 1947 the concept of liner programming
was devel oped. Besideslinear programming many other techniques
of Operationsresearch such asstatistica qudity control, dynamic pro
gramming, queuing theory and inventory theory were developed
before the end of 1950. The development of computers helped to
apply many Operationsresearch techniquesfor practical decision
andyss.

In 1950'smany collegesand universitiesintroduced Operations
researchintheir curricula. Operationsresearch Society of America
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wasfounded in 1952. In 1953 Prof.P.C M ahal anobi es established
Operationsresearch teamintheIndian Statistical Institute, Kolkatha
for solving problems related to material planning and survey.
Operationsresearch society of Indiawasfoundedin 1957.

Characteristics of Operations Research Technique
1. Operationsresearchtechniqueismultidisciplinary.

Itisused to solve complex management problems.

Itisacontinue process.

Itisaset of mathematical techniques.

Itisascientific approachin decison making.

o o k~c W DN

Itisateamactivity.

Scope of Operations Research

Themain objective of operationsresearch isto solve complex
management problems. Itismainly usedin decision problem. A multi
disciplinary team used various operationsresearch techniquesto solve
complex decision problems. Themembersof theteam work together
tofind afeasible solutionwhichisbeneficial for theentireorganiza
tion. The scope of the operations research involvesthefollowing
arees.

1. In Defence Operations

A number of componentsareinvolvedin military operations. Each
component worksto achieve maximum gainfromitsoperation. The
expertsinthisfied coordinatetheentireactivitiesandthey utilizetheir
kill to achieve optimum solution.

School of Distance Education, University of Calicut 8



BBA - MANAGEMENT SCIENCE

2.InIndustry

Inanindustrial organization there are number of departments.
Each department tries to optimize capital investment. HRM
department triesto appoint efficient peopleat minimum cost. Thereis
aconflict between these departments. The application of operations
research techniques helps to integrate the activities of various
departments to attain the overall objective of the organization.
Decisontrees, inventory model, linear programming, transportation
model, sequencing moddl, assignment model and replacement model
are helpful to themangersto solvevariousproblems.

3.InAgriculture

Operationsresearch techniquesare used to select land areafor
agricultureand the seed of food grains.

4.1n TrafficControl

Queuing theory isused for traffic contral.

5.1n Hospitals

In hospitals we can see lengthy queues. This problem can be
solved by the application of operationsresearch techniques.
Phases of Operations Research

An Operations Research analyst hasto follow certain sequential
stepsto solvethe problems.

1. Formulation of theproblem

The Operations Research andyst or team of expertsfirst haveto
examinethe situation and clearly definewhat exactly happening
thereand identify thevariablesand congtraints. Smilarly identify
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what isthe objective and put them all in theform of statement.
The statement must include @) a precise description goals or
objectives of the study, b) identification of controllable and
uncontrollablevariablesand c) restrictions of the problem. The
team should consult the personals at the spot and collect
information, if something is beyond their reach, they haveto
consult duty engineersavailable and understand the factsand
formulatethe problem.

Identify thevariablesand congtraints.
Theobjectivefunctionfacescertain constraints. Theseareto be
identified.

Establish therel ationship between the variablesand congtraints
by constructing themodd.

| dentify the possibledternative solutions.

Givean optimal test to basicfeasible solution.

Sdlect theoptimal solution.

Install, test and establish the solution mode!.

Establish contrals, implement and maintain the solution.

TECHNIQUESOF OPERATIONSRESEARCH

Operations Research Models

1.

| conic M odéels; These modelsare scaled version of the actual
object. They explainal thefeaturesof theactual object.

AnalogueM odd: Inthismodel one set of propertiesare used
to represent another set of properties. Many atimewerepresent
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variousaspectson graph by different coloursor different linesall
theseareana og models.

Symbolic Models or Mathematical Models. In these
models the variables of a problem is represented by mathe
matical symbols, lettersetc. To show therelationships between
variablesand congtraintswe use mathematical symbols.

Descriptive M odel: The descriptive model simply explains
certain aspectsof the problem or stuation or asystem sothat the
user canmakeusefor hisanalysis.

Predictive M odd: These modelsbasing onthe datacollected,
can predict the approximate results of the situation under
question.

PrescriptiveM odels: Prescriptive model s prescribethe courses
of action to betaken by the manager to achievethedesired goal.

Deterministic Models: Inthismodel the operationsresearch
analyst assumes complete certainty about the values of the
variablesand the available resources and expectsthat they do
not change during the planning horizon.

Probabilistic or Stochastic Models: In these models, the
values of variables, the pay offs of acertain course of action
cannot be predicted accurately because of element of
probability. It takes into consideration element of risk into
consderation.

Techniques

1. Linear Programming:

Thismodel isused for resource al ocation when the resources
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arelimited and there are number of competing candidatesfor the
useof resources. Themodd may beused to maximizethereturns
or minimizethecosts.

Sequencing

When amanufacturing firm has somejob orders, which can be
processed on two or three machines and the processing times of
each job on each machine is known, then the problem of
processing inasequenceto minimizethecost or timeisknown as
Sequencing mode!.

WaitingLineModel or Queuing Model

A model used for solving a problem where certain service
facilitieshaveto provide serviceto itscustomers, so asto avoid
lengthy waiting line or queue, so that customers will get
satisfaction from effective service and idle time of service
facilitiesareminimizediswaiting linemodd or queuing modd.
Decision Theory

OR technigue of Decision theory is applied in the stage of
evauation of dternatives.

GameTheory

Gametheory helpsto determinethe best course of actionfor a
firminview of theexpected counter movesfromthecompetitors.

Trangportation Problem

Theam of thistechniqueisfind out the minimum transportation
cost.

TheAssignment Problem

Thistechniqueisused to assign jobsto efficient and suitable
personsat minimum cost.
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8. Network Analysis

Program eva uation and review techniqueand criticd path method
are powerful tools for planning and control of complex jobs
involving alargenumber of complex activities.

Operations Research and Modern Business M anagement

The objective of operationsresearchisto provide ascientific
base to the decision maker for solving the problemsinvolving the
interaction of variouscomponentsof an organization by employinga
team of scientistsfrom variousdisciplines, all working together for
finding asolution whichisinthebest interest of the organizationasa
whole.

Operations Research provides manager mathematical tools,
techniquesand variousmodel sto andyzethe problemsin hand and to
evaluate the outcomes of various aternatives and make an optimal
choice. Thishel psthemanger in making better and quick decisons. A
manger, without the knowledge of these techniques has to make
decisions by thumb rulesor by guesswork.

Businessand organizationsfrequently face chalenging operationd
problems whose successful solution requires certain expertisein
applied statistics, optimization, stochastic modeling or acombination
of theseareas.

Thefollowing are the some of the areas where the Operation
Research techniques are applied. Some of the areas are Finance,
budgeting, investment, purchase, production, marketing, personnel,
research and devel opment.
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MODULE 2

LINEAR PROGRAMMING
PROBLEM

Linear programming is widely used mathematical modeling
technique, whichisdevel oped to hel p decision makersin planning
and decision making asfar asresourceallocationisconcerned. Itisa
techniquefor choosing the best alternativesfrom a set of feasible
aternatives, in situation in which the objective efunction aswell as
constraints can beexpressed aslinear mathematica functions. Linear
programming involves optimization of certain functions called
objectivefunction subject to certain constraints. Linear programming
technique may be used for solving broad range of problemsarisingin
business, government, industry, hospitals, libraries, etc.

Any linear programming model (problem) must have the
following properties:

(& Therdationship between variablesand constraintsmust be
lineer.

(b) Themodd must havean objectivefunction.
(6 Themodd must havestructura congtraints.
(d) Themode must have non-negativity constraint.

Objectives of Linear Programming

Linear programming isaquantitativetool for optimal alocation of
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limited resourcesamong competing activities. Theobjectiveof linear
programming ismaximization of profit or minimization of cost.

Linear programming problemisbased on certain assumptions.

1. It is assumed that the decision maker here is completely
certain (i.e., deterministic conditions) regarding all aspectsof the
situation, i.e., availability of resources, profit contribution of the
products, technol ogy, courses of action and their consequencesetc.

2. Itisassumed that the relationship between variablesin the
problem and theresources availablei.e., constraints of the problem
exhibit linearity. Heretheterm linearity implies proportionality and
additivity. Thisassumptionisvery useful asit smplifiesmodeling of
the problem.

3. Weassume herefixed technology. Fixed technology refersto
thefact that the production requirementsarefixed during the planning
period and will not changeinthe period.

4. Itisassumed that the profit contribution of aproduct remains
constant, irrespectiveof level of production and sales.

5. Itisassumed that the decision variablesare continuous. It means
that the companies manufacture products in fractional units. For
example, company manufactures 2.5 vehicles, 3.2 barrelsof oil etc.
Thisisreferred to astheassumption of divisibility.

6. Itisassumed that only onedecisionisrequiredfor theplanning
period. Thiscondition showsthat thelinear programming mode isa
static moddl, whichimpliesthat thelinear programming problemisa
singlestagedecison problem.

7.All variables arerestricted to non negative values(i.e., their
numerica vauewill be€’0).
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Application of Linear Programming

1.

AgricultureApplication

Linear programming can be applied in agriculture planning.
Example; dlocation of limited resourcessuch asacreage, |abour,
water supply, working capita etc. inaway so asto maximize net
revenue.

Military Application

Itincludesthe problem of selecting weapons system against the

enemy.

Production Management :

I.  Product mix: A company can produce different products
each of whichrequirestheuseof limited production resources.
The management wantsto determinethe quantity of each
product to be produced, knowing the managerial
contribution and the amount of resourcesto beused. Inthis

casethe objectivefunction may be maximization of thetotal
profit or minimization of losssubject to certain congtraints.

ii. Production planning: Thisdealswith the determination of
theminimum cost of production over the planning period.

Portfolio Selection

Thisinvolvesthe selection of specificinvestment activity among
severd activities. Theobjectivefunctionistofind thealocation
which maximizesthe expected return.

Profit Planning

Itinvolvesthe maximization of profit marginfrominvestmentin
plant facilitiesand equipment, cashin hand etc.
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6. Physcal Distribution

It determines the most economical and efficient manner of
alocating manufacturing plants and distribution centres for
physica distribution.

7. Job Evaluation

Selection of suitable person for aspecified job and eval uation of
ajob in organization has been done with the help of Linear
programming technique.

Formulation of Mathematical Model to Linear Program

ming Program

Formulation of Linear Programming mode involvesthefollowing geps.
1. Identification of the problem and setting up of objectives.

2. Establishtheinterrelationship between the variablesof the
gtuation.

3. ldentification of alternativevariables

4. Specificationof condraints.

5.  Summarizingtheprobleminamathematica form.

[llustration 1

A manufacturing company isengaged in producing three typesof
product M, N and O. the production department produces each day,
components sufficient to make 100 unitsof M, 50 unitsof N and 60
units of O. the management is confronted with the problem of
optimizing the daily production of products in the assembly
department, where any 200 man hours are available daily for

School of Distance Education, University of Calicut 17



BBA - MANAGEMENT SCIENCE

assembling the products. Thefollowing additional; informationis
avalable

Typeof product  Profitcontribution  Assembly time

Per unit of per product
product (Rs) (hrs)
M 24 16
N 40 3.4
@) 90 5

The company hasadaily order for 40 units of product M and
tota of 30 unitsof product N and O. Formulatethisproblem aslinear
programming problem so asto maximizetota profit.

Solution
Let X, =number of unitsof product M
X2 = number of unitsof product N
X3 = number of unitsof product O

Profit contribution per unit of productsM, N and O are 24, 40

and 90 respectively.

Sotheobjectivefunctionis

24x, + 40 X, + 90X3

Theobjectivefunctionisbased on certain congtraints. They are

Assembly timeper product in hours= 1.6. 3.4 and 5 for product
M, N and O respectively,

Theconstraint can bewritten as
1.6X1 + 3.4X2 + 5X3 <200
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Thesecond constraint isthe maximum unitsof production.
M =200 units, N =50 units. O = 60 units

It can bewritten as

X; < 100, X, < 50, X3 < 60

Thenext congtraint isorder commitment.

40 unitsof product M, 30 unitsof product N and O
Thatis x; =240, X, + X3 =30

Theproblem canwritten as

Maximize Z = 24x; + 40 X, + 90X3

Subject to

1.6x; + 3.4x,+5x; < 200

X1 < 100,

X2< 50,

X3 < 60

ISX;, = 40,

X2+ X3 230

Non negativeredtrictionsare

X1 20.X,20,%X320

Graphical Method

Graphical method isused to solvelinear programming problem.
Itinvolvestwo variables. Eachlineisrepresented by each constraint.
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Seps
1. Formulatetheproblem.
2. All constraintsmay bewritten asequality.
3. Drawthecurve.
4. Findoutthefeasbleregion.

[lustration 2
Solvethefollowing problemgraphically.
MaximizeZ = 60x1 + 40x2

Subjectto:

2X1+ X2 > 60

X12> 25

X2 235

X1<0, x2<0
Solution

2X1+%X2=60

X1=25

X2 =35

X1=0,%x2=0

1. 2x1 + X2 =60

Letx,=0then

2x0+x2=60
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X2 =60 (0, 60)

Let x2=0then
2x1+0=60

2x1 =60

X1 =.60/2=30(30, 0)

P=(0, 35); S=(25,0)
Points x1 x2  Z=60x1+40x2
0 0O O 0
P O 35 60x0+40x35 =1400
Q 125 35 60x125+40x 35=2150
R 25 10 60x25+40x10 =1900
S 25 0 60x25+40x10 =1500
SolutionisQ =(12.5, 35) and Z = 2150

Point Q passesthrough two straight lines.

X2 =35
2X1+x2 =60
2x1+35 =60

2x1=60-35 =25
x1=25/2 =125

Point R passesthrough two straight lines.
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X1

2X1+ X2
2x25+X%
X1 = 60- 50

61
|

25 40 415 5]0 3

s
0

50
f

[llustration 3
MinimizeZ = 20x1 + 40x>
Subject to:
36X1 + 6X2
3x1+12x2
20x1 + 10x2

X1, X2

> 108
> 36
> 100
>0

School of Distance Education, University of Calicut
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Solution
36x1 +6x2 =108
3X1+12x> =36
20x1 + 10x2 =100
X1=0,%x2=0
1. 36x1+6x2 =108
Letxy =
X2 =108/6 (0, 18)
Let x2 =0
x1 =108/36 (3, 0)
2. 3X1+12x, =36
Let x1 =0
X2 =36/12(0, 3)
Let X2 =0
x1 =36/3=12(12,0)

3. 20x1 + 10x2
Let X1
X2

X2

=100
= O’

=100/10= 10 (0, 10)
=0, 20 x1 = 100, X1 = 100/20 = 5

(5.0)

School of Distance Education, University of Calicut
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S

X2

2
4
12

Z = 60x1 + 40x>

18

2
0

0+40x18 =720
20x2+40%x6 =280
20x4+40x2 =160
20x12+40x0 =240

Thusthe optional solution x; =4, X2 =2 and

Z=160

Advantages of Operations Research

1. Enhanced productivity

Operations Research helpsinimproving the productivity of the
organizations. Operations controls provide significant
information to the managers before making an important
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decision. It helps in making small decisions for important
decisionsfor an organization. Many organizationsmakethe use
of simulation operations research methods to enhance their
productivity by applying different combinations.

It also helps in performing day-to-day tasks like inventory
control, workforce planning, expansion of the business,
installation, and up-gradation of technology. Effective and
accurate decision making helpsinimproving the productivity of
theorganization.
2. Linear programming

Management isrespong blefor making important decisionsabout
the organization. Operationsresearch providesmany aternatives
for one problem, which hel psthe management to choosethe best
decisonandimplement it to get apositive outcome.

Managers can eval uate the risks associated with each solution
and can decidewhether they want to go with the solution or not.

3. Improved coordination

Operations Research improves the coordination between
different departments and empl oyeesof an organisation. Because
operationsresearch focuses on thewhol e organi sation and does
not focus on one department.

Asaresult of that, managersof each department know what they
should do to achieve acommon objective of the organisation.
Therefore, managersof different departmentscan coordinatewith
one another better when solutions are applied to all the
departments atogether.

4. Lower risksof failure
Operations Research lowersthe chances of failureaswith the
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help of operations, and research managers get to know about all
thedternative solutionsfor asingle problem.

All risks associated with a solution are analysed before
implementingit. Asaresult of which therisk of failurereduces
unless something unexpected event takes place.

5. Control onthesystem

Operations Research hel psin redefining the control of asystem.
Operations research provides in-depth knowledge about a
particular action, which allows managersto take better control of
thework. They can control their subordinatesin abetter way and
can makethe most relevant job doneon priority.

In addition to this, Operations Research also provides
information about the expected outcome. Hence, managersknow
what standards of performance he should expect from his
subordinates.

Using this information, he can measure the performance of
employeesand can compareit with the standard performance.

Disadvantages of Operations Research
1. Costly

Thefirst and foremost disadvantage of operationsresearchisits
high cost. The operations research works on mathematical
equationsthat require expensivetechnology to createthem. In
additiontothis, expertsare needed to perform simulations,

All of thismight provide effective solutionsbut at avery high cos.
Organizationswith asmall budget can be adopted operations
research because of itshigh cost of implementation.
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2. Technology Dependent

Another limitation of operations research is its technology
dependence. The mathematical equationscan only beanayzed
on computers. Itsreliance on technology makesit anon-popular
choiceof managers.

3. Dependenceon Experts

A team of expertsisrequired to perform operations research.
There are various factors associated with this, which makes
operationsresearch an unpopular choicefor management.

For example, the solutions will not be effective and can't be
implemented if thereisacommuni cation gap between managers
and OR experts. Besidesthis, al solutionswill become useless
and might causelossrather than benefit if the 3wrong information
isshared with the experts.

4. Unquantifiablefactors

Theeffectivenessof solutionsdeve oped using operationsresearch
largely depends on the various factors. It is easy to measure
quantifiablefactorsand usethem for the operationsresearch, but
the problem ariseswhen important factorsarein unquantifiable
form.

Unquantifiablefactorsresult ininaccurate sol utions.
5. Difficult toimplement

The solutions obtained from operationsresearch aredifficult to
implement, as most of them are usually unredlistic. Some
modificationsarerequired to make to implement the solutions
which hamper the effectivenessof thesolution.
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MODULE3
NETWORK ANALYSIS

Network analysisisthe general namegivento certain specific
techniques which can be used for the planning, management and
control of projects.

Network analysisisavital techniquein project management. It
enables usto take asystematic quantitative structured approach to
the problem of managing aproject through to successful completion.
Moreover, aswill becomeclear below, it hasagraphical representa
tion which meansit can be understood and used by thosewith aless
technical background. A complex project’sdataisbroken down into
itscomponent parts (activities, events, durations, etc.) and plotting
themto show their interdependenciesand interrel ationships.

A network analysisisagenerictermfor afamily of related tech
niques devel oped to aid management in the planning and control of
projects. Thesetechniques show theinter-relationship of thevarious
jobsor taskswhich make up the overall project and clearly identify
thecritical partsof the project. They can provide planning and control
information on thetime, cost and resource aspects of aproject.

Themain objectiveof network anaysisisto establishtheoverdl
completion time of projects by calculating what is known as the
Critical Path.

Classification of activities:
Activity
Thisisthetask or job of work which takestime and resources.
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An activity is represented in a network by an arrow, the head
indicating wherethetask endsand thetail whereit begins. It normally
pointsleft-to-right andisseldomto scale.

Predecessor activity: Activities that must be completed
immediately prior to the start of another activity are called
predecessor activities.

Successor activity: Theactivitiesthat cannot be started until one
or more of other activitiesare completed but immediately succeed
them are called successor activities.

Concurrent activities: The activitiesthat can be accomplished
together areknown asconcurrent activities.

Dummy activity: Anactivity which doesnot consumeany resource
but merely depictsthe dependence of oneactivity onotheriscalled
dummy activity.

Thisisan activity which doesnot consumetimeor resources, but
ismerely used to show clear logica dependenciesbetween activities
so ashot to violatetherulesfor drawing networks; itisshown by a
dotted arrow.

Event:

Thebeginning and end of activitiesare called asevents. Events
are represented by numbered circles called nodes. i | Event start,
Eventfinish
Path & Network:

Anunbroken chain of activity arrowsconnecting theinitia event
to some other event is called a path. A network is the graphical
representation of logicaly and sequentialy connected arrowsand nodes
representing activities and events of a project. It is a diagram
depicting precedencerel ationshipsbetween different activities.
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Objectives of Network Analysis

1)

2)

3)

4)

5

Minimize Production Delay, Interruptionsand Conflicts: Thisis
achieved by identifying dl activitiesinvolved intheproject, their
precedence constraints, etc.

Minimization of Tota Project Cost:After caculaingthetota cost
of theproject thenext step isto minimisethetota cost. Itisdone
through the calculation of cost of delay in the completion of an
activity of the project and cal culating the cost of the resources
which arerequired to completetheproject inagiventimeperiod.

Trade-off between Time and Cost of Project: The duration of
sameactivity can bereduced if additiona sourcesareemployed
and thisisthemainideaonwhich thetrade-off betweentimeand
cost of project isbased. Dueto technical reasons, the duration
can bereduced inaspecificlimit. Similarly, thereisalso amost
cost efficient duration called 'normal point’ stretching theactivity
beyond it may lead to ariseindirect cost.

Minimization of Tota Project Duration: After checkingtheactua
performance against the plan the project duration can be
controlled and minimized. If any major differenceisfound then
apply the necessary reschedul e processby updating and revising
the uncompleted portion of the project.

Minimization of IdleResources: If thereisany variaionintheuse
of scarsresourcesthenit can disturb the entire plan and henceit
Isrequired that efforts should be madeto avoid any increasein
cost duetoidleresources.

Application of Network Analysis:

It can be applied in Construction industry, Manufacturing,
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Research development, administration, Marketing, planning,
Inventory planning

Advantages:

o > 0 N P

Panning & controlling projects
Hexibility

Designation of respongibilities
Achievement of objectivewith least cost

Better managerid control

Guidelines for Network Construction:

A complete network should haveonly one point of entry - a
START event and only one point of exit - aFINISH event.

Every activity must have one preceding or ‘tail’ event and
onesucceeding or ‘head’ event (an activity must not share
thesametall event and the same head event with any other
activities)

No activity can start until itstail event isreached.

Aneventisnot completeuntil al activitiesleadingintoitare
complete.

‘Loops i.e. aseriesof activitieswhich lead back tothe same
event arenot allowed

All activitiesmust contributeto the network’ sprogression or
be discarded asirrelevant (those which do not aretermed
‘danglers’.)

Networks proceed from left toright.
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* Networksarenot drawnto scalei.e. thelength of thearrow
doesnot represent time el apsed.

«  Arrowsneed not bedrawninthe horizonta planebut unless
itistotally unavoidablethey should proceed fromIeft toright.

» Ifthey arenot already numbered, eventsor nodesshould be
progressively numbered fromeft toright.

A complete network diagram should have one stand point and
onefinish point. Theflow of thediagram should befromIeft toright.
Arrows should not be crossed unlessit iscompl etely unavoidable.
Arrows should be kept straight and curved or bent. Angle between
arrowsshould aslargeaspossible. Each activity must haveatail or
head event. No two or more activitiesmay have sametail and head
events. Oncethediagram iscompl ete the nodes shoul d be numbered
from left toright. It should then be possibleto address each activity
uniquely by itstail and head event.

/® C

start ) finish

B + D

Net work diagram example

177195

18f7/95 2017195
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[llustrationl

Draw anetwork diagram from thefollowing activities.

Activity: 1-2 1-3 1-4 2-5 3-54-6 56
Timedeviaion: 2 4 3 1 6 5 7

Solution

[llustration2

Adivity  Description Predecessor activity
Finish component Devel opment
Design marketing programme

A
Designproduction system A
SdectAdvertisngmedia B

C

Initid productionrun

m m O O W

Rel ease component to market D,E
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Solution

Network techniques
Themain network techniquesare
1. Ciritical pathMethod
2. Program Evauation Review Technique
Managerial Aplicationsof Networ k settings

Critical Path Method (CPM)

The Critical Path Method (CPM) is one of several related
techniguesfor doing project planning. CPM isfor projectsthat are
made up of anumber of individua “activities.” If someof theactivities
require other activitiesto finish beforethey can gart, then the project
becomes acomplex web of activities. CPM providesthefollowing
benefits

« Providesagraphical view of the project.

o Predictsthetimerequired to completethe project.

« Shows which activities are critical to maintaining the
scheduleand which arenaot.
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Sepsin CPM Project Planning

Specify theindividud activities.
Determinethe sequence of thoseactivities.
Draw anetwork diagram.

Estimate the completiontimefor each activity.

Identify the critical path (longest path through the network)

o o ~ w N PRF

Update the CPM diagram asthe project progresses.

Critical Path

Thoseactivitieswhich contributedirectly to theoverall duration
of theproject congtitutecritical activities, thecritical activitiesforma
chain running through the network whichiscalled critical path. The
critica path isthelongest pathinthe network from the starting event
to ending event & definesthe minimum timerequired to completethe
project. Thecritical path isdenoted by darker or doublelines.

Critical event: - Thedack of an event isthedifference between
thelatest and earliest eventstime. Theeventswith zerodack timeare
cdled ascritical events.

Critical activities: - Thedifference between latest start time and
earliest start time of an activity will indicate amount of time by which
theactivity can beddayed without affecting thetota project duration.
Thedifferenceisusudly caledtota float. Activitieswith Ototal float
arecdledascritica activities.

Todeterminetheduration of individud activities, thefour activity
timesareto be computed.

e Earliest sarttime: - Theearliest timeat whichtheactivity
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can start given that itsprecedent activitiesmust becompleted
fird.

e Earliestfinishtime: - Itisequa totheearliest start timefor
theactivity plusthetimerequired completing theactivity.

e Latest finishtime: - Thelatest timeat which theactivity
can be compl eted without delaying the project

e Latest garttime - Itisequd tothelatest finishtimeminus
thetimerequired to completetheactivity.

Types of Float

Float isthe amount of time by which compl etion of an activity
could be delayed beyond the earliest expected completion time
without affecting theoverall project durationtime.

Latest finishtime—earliest start time—duration of an activity.

e Freefloat: - Thisisconcerned commencement of subsequent
activity. It may be defined as“time by which the compl etion of an
activity can be delayed beyond the earliest finish time without
affectingtheearliest start of asubsequent activity.

e Independent Float: - it may be defined astheamount of time
by which the start of an activity can be delayed without
affecting the earliest start time of any successor activity,
assuming that preceding activity hasfinished atitslatest finish
time

Sack time: Thedacktimefor an activity isthetime betweenits

earliest and latest start time, or between itsearliest and latest finish
time. Slack istheamount of timethat an activity can bedelayed past
itsearliest start or earliest finish without delaying the project.
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Computation of EFT and LFT

1. Forward Pass

Theforward passmethod yieldsthe earliest start timeand earliest
finishtimesfor each activity and indirectly earliest expected occurrence
of each event. The computation beginsfrom the start node and move
to theend node. To accomplish this, theforward pass computations
start with an assumed earliest occurrencetimeof zerofor theinitial
project event E1= 0 Earliest start timefor activity (1,j) istheearliest
event timeof thetail end event ESu=Ei

Earliest finishtime of theactivity isthe earliest start time of the
activity plusthe duration of the activity. EFij = ESij+tij Earliest
occurrencetimeof the event j isthe maximum of the earliest finish
timesof al theactivitiesinto that event.

Eg.E1=0, E2=E1+ activity duration

2. Backward Pass Method:

Thelatest occurrencetime specifiesthetime by which all the
activitiesentering into that event, must be compl eted without delaying
the total project. These are computed by reversing the method of
caculationusedfor earliest event times, Latest finishtimeof an activity
isequal tothelatest venttimej LFis=L 4. Latest start timeof an
activity isgiven by latest completiontime minustheactivity time. LS3
=L Fs- tij Latest event timefor event i sthe minimum of thelatest start
timeof dl activitiesoriginating fromthat event.

Eg.L10=20, Lo=20—activity duration

School of Distance Education, University of Calicut 37



BBA - MANAGEMENT SCIENCE

[llustration 3

A small maintenance project consstsof thefollowing Jobswhose
precedencerelationshipsare givesbel ow.

Job: 1-21-32-3 25 3-4 3-64-54-6 5-6 6-7
Durgtion: 15 15 3 5 8 12 1 14 3 14
(Days)
1. Drawanarrow diagram
2. Findthetotal float for each activity
3. Findthecritical path and the project duration.

Solution

L,-15
|-22=1i E

Forward Pass Computation
E1 =0
Ep =E1+15=0+15=15
E3 =Maximumof E1+15andE2 +3
E1+15 =0+15=15E0+3=15+3=18
E3 =18
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Eq =E3+8=18+8=26

Es =Maximumof E2+5,andEg+1
E2+5 =15+5=20,
Eq+1 =26+1=27

Es =27

Eg =Maximumof E3+ 12, E4+14andEg+3
E3+12 =18+12=30;E4+14=26+14=40
E5+3 =27+3=30

Es =40

E7 =Eg+14=40+14=54

Backward Pass Computation

L7

L6

Ls
L4
Le-14
L4

L3
L4-8
Le-12
L3

L2
L5-5
L3-3
L2

=54
=L7-14=54-14=40
= Lg3=40-3=37

=Minimumof Lg-14andL5-1
=40-14=26,L5-1=37-1=36
=26

=Minimumof L4-8andLg-12
=26-8=18

=40-12=28

=18

=Minimumof L5-5andL3-3
=37-5=32

=18-3=15

=15
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L1 =Minimumof L3-15andL2-15
L3-15 =18-15=3,L2-15=15-15=0
L1 =0
Critical pathis1-2—-3-4-6-7
Thetotal project completion days=54
Activity Duration Earliest timeL atest timeTotd float

EST EFT LST LFT LST-EST

1-2 15 0 15 0 15 0
1-3 15 0 15 3 18 3
2-3 3 15 18 15 18 0
2-5 5 15 20 32 37 17
3-4 8 18 26 18 26 0

36 12 18 30 28 40 10
4-5 1 26 27 36 37 10

4-6 14 26 40 26 40 0
5-6 3 27 30 37 40 10
6-7 14 40 54 40 54 0

From the abovetablewe can observethat thecritical activities
arel-2,2-3, 3-4, 4-6and6-7. Indl these casetotal float
isO.

Thecritical pathisl—2-3-4-6-7. Project durationis54.

Programme Evaluation and Review Technique

PERT isdesigned for scheduling complex projectsthat involve
many interrelated tasks. Itimprovesplanning processbecause: It forms
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planner to define the projects various components activities. It
providesabasisfor normal timeestimatesand yet allowsfor some
measureof optimism or pess mismin estimating the compl etion dates.
It showstheeffectsof changesto overall plansthey contemplated. It
providesbuiltin meansfor ongoing eval uation of theplan.

The Program (or Project) Evaluation and Review Technique,
commonly abbreviated PERT, isastatistical tool, used in project
management, that is designed to analyze and represent the tasks
involved in completing agiven project.

It shows
o Seguenceof tasks
o Whichtaskscan beperformed s multaneousy

o Permitsdetermination of thecritical path for theindividual
tasks to be completed on time in order for the project to
meet itscompletion deadline.

TimeEstimatesin PERT
Therearethreetime estimates
1. Optimigtictimeestimate
2. Mogt likely timeestimate
3. Pessmidtictimeestimate
OptimisticTimeEstimate

Thisisthefastest timean activity can be completed. For this, the
assumptionismadethat al the necessary resourcesareavailableand
all predecessor activities are completed as planned. it isthat time
estimate of an activity when everything isassumed to go as per plan.
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In other wordsit isthe estimate of minimum possibletimewhichan
activity takesin completion under ideal conditions.

Most likely time (m or tm)

Thetimewhichtheactivity will takemost frequently if repeated
number of times.

Pessimistic Time (b or t):

Theunlikely but poss ble performancetimeif whatever could go
wrong, goeswrongin series. In other wordsit isthelongest timethe
can take. From the above time estimates we can calculate the
expected timeof each activity by using thefollowing formula

te =10 + 4tm +tp
6

[llustration 4

A smdll projectiscomposed of 7 activities, whosetime estimates
aregivenbelow.

Adtivity Estimated Duration (weeks)
Optimidtic Mostlikdy  Pessmidic
1-2 1 1 7
1-3 1 4 7
1-4 2 2 8
2-5 1 1 1
3-5 2 5 14
4-6 2 5 8
5-6 3 6 15
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Draw aproject network and identify all the pathsthroughit.

Find the expected duration and variancefor each activity. What
isthe expected project length?

Cdculatethevarianceand SD of the project length. What isthe
probability that the project will be completed?

I.  Atleast 4 weeksearlier than expected one?
ii. Not morethan 4 weekslater than expected time?
If the project duedateis 19 weeks, what isthe probability of not
meeting theduedate?
GivenZ:  0.50 0.67 1.00 1.33 2.00
P : 03088 0.2514 0.1587 0.0918 0.0228
(ICWA Find Exam)

Solution

Calculationtofind out Expected timeand Variance.
Adivity to tm tP te G2

1-2 1 1 7 2 1
-3 1 4 7 4 1
1-4 2 2 8 3 1
2-5 1 1 1 1 0
35 2 5 14 6 4
4-6 2 5 8 5 1
56 3 6 15 7 4
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te= t0+4tm+tp
6

(tp - to) 2
O2= 6

Forward Pass Computation

Ep1 =0

Eo =E1+2=0+2=2
E3 =E1+4=4

Eq4 =E1+3=3

Es =Maximumof E2+1andE3+5

E1+1 =2+1=3
E3+6 =4+6=10
Es =10

Eg =Maximumof E5+7andE4+5

Es+7 =10+7=17,
Eqg+5 =3+5=8
Eg =17
Backward Pass Computation
L =17

Lg =Lg-7=17-7=10;
Lg =Lg-5=17-5=12
L3 =L5-6=10-6=4;
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L2 =L5-1=10-1=9

L1 =MinimumofL2-2,L3-4,L4-3
L2-2 =9-2=7,L3-4=4-4=0,
Lg-3 =12-3=9

a  Criticd activitiesare1-3,3-5,5-6
Critical pathis1-3-5-6

b. Expected project duration lengthis17 weeks.
Varianceof thecritical pathis1+4+4=9weeks.
c =V9 =3

C. (1) Probability that the project will be completed at least 4
weeksearlier than the expected time.

7 = Duetime- Expectedtime
c
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= .23

Duetime=17-4 = 13

7 =13-17 - -4 _ 143

3 3

Corresponding areavalue as per statistical table under normal
curveis0.0918.

Probability that the project will be completed at |east 4 weeks
earlier = 0.0918100 = 9.18%

-1.33

(2) Probability that the project will be completed no morethan
4 weekslater than expected time?

Z=133
Corresponding areavaue=0.0918.
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Therequired areais
=(0.5-0.0918) + 0.5
=0.9082
= 0.9082100 = 90.82%

(3) Project due dateis 19 weeks, then the probability of not
meeting thedue date?

z=19-17--2 - gg7
3 3
Normal value corresponding to 0.67 1s0.2486
Probability of not meeting the due datetherequired areais
1-0.2486 = 0.7514
That is0.7514100 = 75.14%

Difference between PERT & CPM:

PERT isaprobability modd with uncertainty in activity duration.
Theduration of each activity iscomputed from multipletime estimates
with aview to takeinto account timeuncertainty. Itisapplied widely
for planning and scheduling research projects. PERT analysisdoes
not usually consider costs. CPM isadeterministic model with well
known activity times based upon the past experience. It isused for
congtruction projectsand bus ness problems. CPM ded swith cost of
project schedulesand minimization. Under CPM each activity inthe
network diagram is represented by circle and arrows are used to
indicate sequencing requirements. In case of PERT each eventis
represented by acircleand arrowsareused toindicate activities. In
CPM critica pathisdetermined onthebasisof float. In PERT critica
path isdetermined on the basisof dack.
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Limitations of PERT /CPM:

Limitationsof PERT /CPM Network diagramsshould haveclear
gtarting and ending points, which areindependent of each other which
may not bepossibleinreal life. Another limitationisthat it assumes
that manager should focuson critical activities. Resourceswill be
availablewhen needed for completionfor an activity isagain unred.

Managerial Applications of Network Analysis

A network diagram is prepared, which presents visually the
relationship between all the activities involved and the cost for
different activities. Network analysis helps designing, planning,
coordinating, controlling and in decision-making in order to accom
plishtheproject economically intheminimum avail abletimewiththe
limited avail ableresources. Thenetwork anayssfulfill theobjectives
of reducingtota time, cog, idleresources, interruptionsand conflicts.
Manageria applicationsof network analysisareasfollows:

1) Ass=mbly linescheduling,

2) Researchand development,

3) Inventory planningand control,

4) Shifting of manufacturing plant from onesteto another,
5) Launching of new productsand advertising campaigns,
6) Control of trafficflowincities,

7) Budget and audit procedures,

8) Launching spaceprogrammes,

9) Ingdlation of new equipments,

10) Long-range planning and devel oping staffing plans, etc.
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MODULE 4
DECISION THEORY

Thedecisiontheory isatechnique used for decision makingin
uncertain conditions or situations. It provides a framework and
methodology for rational decision making when the outcomesare
uncertain. Decison making may bedefined asaprocesswhichresults
ontheselection from aset of alternative course of actionswhichis
considered to meet the objectives of the decision problem more
satisfactory than othersjudged by decision makers. Decision theory
providesarationd framework for choosng between dternative courses
of action when the consequences resulting from this choice are
imperfectly known. Two streamsof thought serve asthefoundations:
utility theory and theinductive use of probability theory.

ElementsCommon to all Decisions

1. Course of action: - There is finite number of decision
aternativesavailableto the decision maker at each pointin
timewhen adecisionismade. The number and type of such
dternativesmay depend uponthe previousdecisions. These
dternativesare caled course of action.

2. Stateof nature: - These arefuture conditionsthat are not
under thecontrol of decision maker. A state of naturemay be
the state of economy, a weather condition, a political
development, etc.

3. Pay off: It is the outcome resulting from each possible
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combination of dternativesand states of nature. The pay off
va uesisawaysconditiond va uesbecauseof unknown states
of nature.

Decision Makingunder Uncertainty

In decision making under pure uncertainty, the decision maker
has absolutely no knowledge, not even about the likelihood of
occurrencefor any state of nature. In such situations, the decision
maker’s behavior is purely based on hig/her attitude toward the
unknown.

There are different criteria of decision making under this
gtuation.

1. Optimismcriterion

2. Pessmiamcriterion

3. Equa probahilities

4. Regretcriterion.
Optimism (maximax or minimax) criterion

1. Asper thiscriterion the decision maker ensuresthat he should
not missthe opportunity to achievethelargest possibleprofit. In
the maximax criterion the decision maker selectsthedecisionthat
will result in the maximum of maximum payoffs; an optimistic
criterion.

2. Pessimism (Maximin or Minimax) Criterion

Inthiscriterion thedecision maker ensuresthat hewould earnno
lessthan some specified amount. The decision maker selectsthe
dternativethat representsthe maximum of minimapay off incase
of profits. Thiscriterionisalso known asWald'scriterion.
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3. LaplaceCriterion

Wedon't know the states of nature. Henceit isassumed that all
statesof naturewill occur with equal probability.

Steps
1. Assignequa probability valueto each state of nature.

2. Compute the expected or average pay off for each
alternative by adding all the payoff and dividing by the
number of possible statesof nature.

(Probability of state of nature j) x (pay off value for the
combination of alternativei and state of naturej.)

3. Sdect thebest expected pay off

Hurwicz Criterion

As per this criterion a rational decision maker is neither
completely optimistic nor pessimistic. Hurwicz introduced coefficient
of optimism. The Hurwicz alphaisacriterion for decision making
under complete uncertainty that represents acompromise between
theMaximinand Maximax criteria. Thea phaisanumber between0
and 1. Inthe specia case whereit is one, the criterion reducesto
Maximinandinthespecia casewhereitiszerothecriterion reduces
to Maximax. The decision maker can set a phato anumber between
zero and oneaccording to hisor her level of optimism.

H (criterion of realism) = o< (maximumin column) + (1-e<)
(minimumincolumn)

Select an dternativewith best anticipated weighted average pay
off vdue.
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Regret criterion or opportunity loss decision criterion
or minimax regret decision criterion

Herethedecision maker regretsthefact that he adopted awrong
course of action resultinginan opportunity lossof pay off.

Steps

From the given pay off matrix table devel op an opportunity pay
off matrix.

Find the best pay off. Then deduct other valuesfromthe best pay
off. For each course of actionidentify theworst or maximum regret
value. Select the course of action with the smallest anticipated
opportunity lossvale.

[llustration 1

A manufacturer manufacturesaproduct of which the principal
ingredient isachemical X. At the moment, the manufacturer spends
Rs 1000 per year on supply of X, but thereisapossibility that the
price may soon increaseto four timesits present figure because of a
worldwideshortageof thechemicd. Thereisanother chemica Y, which
themanufacture could usein conjunction with athird chemical Z, in
order to give the same effect as chemical X. ChemicalsY and Z,
would together cost the manufacturer Rs 3,000 per year, but their
pricesareunlikely to rise. What action should the manufacturer take?
Apply themaximinand minimax criteriafor decisonmakingand give
two set of solutions. If the coefficient of optimismis0.4thenfindthe
courseof actionthat minimizescost.
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Solution
State of nature Course of action
S1 S

(useYandZ) (useX)
E1 (Priceof X increases) - 3000 - 4000
E2 (Priceof X doesnot increase) - 3000 - 1000
Coumnminimum - 3000 - 4000
1. Maxmincritarion - 3000

Hencethe manufacturer should adopt S1 strategy

2. Minimax criterion (opportunity loss)

State of nature Course of action
1 S

(useYandZ) (useX)
E1 (Priceof X increases) 0 1000
E2 (Priceof X doesnot increase) 2000 0
Coumnminimum -3000 - 4000
1. Maximum 2000 1000
2. Minimax 1000

Hencethe manufacturer should adopt Sp strategy.

Hurwicz Criterion

Thecoefficient of optimismis0.4 sothe coefficient of pessmism
is0.6

Select courseof action that optimizesprofit or minimizescost.
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Courseof action  Bestpayoff  Worst pay off H
S1 - 3000 - 3000 - 3000
S) - 1000 - 4000 -2800

(-3000 x0.4) + ( -3000 x0.6) = - 3000
(- 1000%0.4) + ( - 4000 x0.6) = - 2800

Course of action S2 hastheleast cost (maximum profit). Sothe
manufacturer should adopt this.

[llustration 2

A food products company is planning to introduce a novel
product with new packing to replace the existing product at much
higher price(S1) or amoderate changein composition of theexisting
product with new packaging at asmall increasein price (S2) or a
small changeinthe composition of theexisting except theword, ‘ New’
withanegligibleincreasein the price (Sg). Thethree possible states
of natureof eventsare (i) highincreaseinsales(N1) (ii) no changein
saes(N2) (iii) decreasein sales(N3). The marketing department of
the company worked out the pay offsintermsof yearly new profits
for each of the strategieson these events. Thisisrepresentedinthe
followingtable.

Pay off
Statesof nature
Strategies N1 N2 N3
$1 700 300 150
Sp 500 450 0
S3 300 300 300
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Which strategies should the executive concerned choose on
the basis of (a) Maximin criterion (b) Maximax criterion
¢) Minimax regret criterion d) Laplacecriterion

Solution
Strategies
Statesof nature 1 Sp
N1 700 500
N2 300 450
N3 150 0
Minimum 150 0
a) Maximincriterion 300
So wewant to select S3 strategy.
Maximum 700 500
b) Maximax 700
Sowewant to select S strategy.
c) Minimax regret criterion
Opportunity Loss Table
Strategies
Statesof nature 1 Sp
N1 0 200
(700  -700, 700 —
N2 150 0
N3 150 300
Maximum
opportunity loss 150 300

S3
300
300
300
300

300

S3
400
500 etc)
150
0

450
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Minimum of these
maximum 150

Hencewewant to select Sp strategy.

d) Laplacecriterion

Strategies
Statesof nature S1 S2 S3
N1 700 500 300
N2 300 450 300
N3 150 0 300
Average 1150/3 950/3 900/3

383.3 316.67 300

The average is highest for strategy S1. So we may select
strategy S1.

Decision makingunder risk

Itisaprobabilistic Stuation. Here more than one state opt nature
exists. The decision maker has sufficient information to assign
probability valuesto thelikely occurrence of each of these states. On
the basis of knowing the probability distribution of the states of
nature, thebest decisionisto select the course of action which hasthe
largest expected pay off value. Therearemainly two methodsused to
find decisonsunder risk.

a) Expected Monetary Vaue
b) Expected opportunity losscriterion

Expected Monetary Value (EMV)
Itistheweighted sum of possible pay off for each dternative.
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EMV = conditional profitsor lossesx corresponding probability
of each state of nature.

[llustration 3

For the past 200 days, the sales of cakes (1 kg) fromthe Lovely
Bakery hasbeenasfollows.

@
(b)

Daily sales: 0O 100 200 300 400
No.ofdayss 10 60 60 50 20

Cdculatethe expected sale of cakes.

Production cost per cake (1kg) areRs5and salepriceisRs
10 per cake, and any cake unsold at the end of theday is
contracted to alocal farmer, who paysRs 2 per cake. Draw
up apay off tablefor each sal es/production combination.

() Compute the expected profit arising from each level of
production and determinethe optimal palicy.
Solution
Calculation of expected demand
a. Dally Demand(x) Probability Expectedvaue
0 10/200 = 0.05 0x 0.05=0
100 60/200 = 0.30 100x .30=30
200 60/200=0.30 200 x.30 =60
300 50/200=0.25 300 x0.25=75
400 20/200=0.10 400 x0.10=40
205

Total number of days= 10+ 60 + 60 + 50 + 20 = 200
The expected demand is 205 cakes

School of Distance Education, University of Calicut 57



BBA - MANAGEMENT SCIENCE

(b) Profit of saleof cake=10-5=Rs5
Lossonunsold cake=5-2=Rs3

Dem. Prob.

1

0 05
100 0.30
200 0.30
300 0.25
400 0.10

Expected O

pay off

0

© O O O O

100
300
500
500
500
500

Pay off Matrix Table
Courseof Action

PPr 200 PxPr 300PxPr 400 PxPr

15 600 30 900 45 1200
150 200 60 100 30 400
150 1000 300 700 210 400
125 1000 250 1500 375 1200
50 1000 100 1500 150 2000

46 680 660 440

P=profit, Pr=probability
When course of action is 100, Demand isO, and then loss of unsold

stock is100 x 3= 300

When course of actionis100 and demand is 100,
then profitis 100 x 5=500.

When course of action is 200, Demand O, thenlossis
200 x 3 =600

60
120
120
300
200

When course of action is 200, demand 100, then profit is
500 - 300 (loss of unsold stock) = 200.

When course of actionis300, demand is 100,

Profit (100x 5) = 500, Loss on unsold stock =200 x 3 = 600,
Expected loss=

600 x500 = 100
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When course of action is 300, demand 200.
Profit = 200 x 5= 1000, loss of unsold stock = 100x 3 =300
Expected profit = 1000x 300 = 700

(c) Fromthetablewe can seethat the maximum expected pay off is
680. So the optimal policy isto produce 200 units.

Expected Value of Perfect Information

If thedecison maker isableto acquire perfect information about
the occurrence of various states of nature, then he will be able to
select acourse of action that yieldsthe desired pay off for whatever
state of nature actually happens.

The expected value of perfect information is the expected
outcomewith perfectinformation.

EV Pl = Expected vduewith perfect information—maximum EMV.

Expected value with perfect information = (best outcomefor
consequence for first state of nature xprobability of first state of
nature) + best outcomefor consequencefor second state of nature x
probability of second state of nature)......

Expected value of regrets

Thedecision isto select the strategy with minimum expected
opportunity loss.

llustration 4

A retailer purchasescherriesevery morning at Rs50 acaseand
sdlsthemfor Rs80 acase. Any casethat remainsunsold at theend of
the day can be disposed of the next day at asalvage value of Rs20
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per case. (Thereafter they have no value). Past sales have ranged
from 1510 18 cases per day. Thefollowingistherecord of the sales
for the past 120 days.

Casessold: 15 16 17 18
Numberofdays 12 24 48 36

Find out how many casesshould theretailer purchase per day in
order to maximize hisprofit?
Solution

Demand Prob Conditional profit Expected pay off
15 16 17 18 15 16 17 18

15 01 450 420 390 360 45 42 39 36

16 02 450 480 450 420 90 96 90 84

17 04 450 480 510 480 180 192 204 192

18 0.3 450 480 510 540 135 144 153 162
EMV 450 474 486 474

The highest EMV of Rs 486. It corresponds to the course of
action 17. Hence the retailer should purchase 17 cases of
cherriesevery morning.

[llustration 5

A tdlevisondedler findsthat thecost of aTV instock for aweek
isRs. 30 and the cost of aunit shortageisRs. 70. For one particular
model of television the probability distribution of weekly salesisas
follows.
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Weekly Sdles.

Probehility:

1

3

4

5

6

010 010 020 025 0.15 0.15 0.05

How many units per week should the dealer order? Also, find
EVPI?(CA Exam)

Solution

SalesProb.

Stock units

units0A1xp LAoxp 2 A3xp3Agxp 4Asxp 5Aexp 6 A7xp

0
90

1
90

2
90
3
90

4
160

5
230

6
300

Expected

Al
0.10
9

0.10
9

0.20

18
0.25
22.5

0.15
24

0.15
34.5

0.05
15

cost 203.0

Aoz
0
120

70
120

140
120
210
120

280
120

350
190

420
260

170

A3

0
12

7
12

28
24
52.5
30

42
18

52.5
28.5

21
13

144

A4

30
150

30
150

100
150
170
150

240
150

310
150

380
220

132

A5 Ag
3 60

15 180

3 60

15 180
20 60
30 180
425 130
375 180
36 200
225 180
465 270
225 180
19 340
11 180
1375 1535

A7
6
18

6
18

12
36
32.5
45

30
27

40.5
27

17
9

180
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Theminimum expected cost is132. So wewant to stock 3 units
every week.
EVP = Expected vduewith perfect information- Maximum EMV.
EMV withP1=0.10x 0+ 0.10 x 30+ 0.20x% 60 + 0.25% 90 +
0.15x 120 + 0.15% 150 + 0.05 x 180 = 87
EVPI = Rs. 45

Decision Making under Competition or Conflict
Game Theory

Game Theory isastudy of strategic decision making. More
formally, it is“the study of mathematical models of conflict and
cooperation betweenintelligent rational decis on-makers. Gametheory
isabranch of mathematicsthat deal swith theanalysisof games(i.e,
Stuationsinvolving partieswith conflictinginterests). Inadditiontothe
mathematica eleganceand complete” solution” whichispossiblefor
simplegames, the principlesof gametheory also find applicationsto
complicated games such as cards, checkers, and chess, aswell as
real-world problems as diverse as economics, property division,
politics, and warfare. It isconcerned with decision making in organi
zations where the outcome depends upon decisions of two or
autonomousplayers, oneof which may benatureitself and whereno
singledecision maker hasfull control over the outcomes. It aimsto
find optimal solutionsto situationsof conflict and cooperation under
theassumptionthat playersareinstrumentally rationa and actintheir
bestinterests.

The basic constituents of any game are its participating,
autonomous decision makerscalled players. A game must havetwo
players. Thetotal number of playersmay belarge, but must befinite,
and must be known. Each player must have more than one choice.
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Decision Tree

A decision treeisadecision support tool that usesatree-like
graph or model of decisions and their possible consequences,
including chance event outcomes, resource costs, and utility. Itisone
way todisplay anagorithm.

Decision trees are commonly used in operations research,
specificaly indecisonanayss, to helpidentify astrategy most likely
to reach a godl. It is a schematic tree-shaped diagram used to
determineacourse of action or show astatistical probability. Each
branch of the decision tree represents a possible decision or occur
rence. Thetree structure showshow one choiceleadsto the next, and
the use of branchesindicatesthat each optionismutually exclusive.

A decisiontreeconsistsof 3typesof nodes:

1. Decisionnodes- commonly represented by squares
2. Chancenodes- represented by circles
3. Endnodes- represented by triangles

Example Outcome 1

Outcoma 2

Outcome 7

D - Decision O - Uncertainty (external event)
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[llustration 6

Thereis40% chancethat apatient admitted to the hospital, is
suffering from cancer. A doctor has to decide whether a serious
operation should be performed or not. If the patient issuffering from
cancer and the serious operation isperformed, the chance that he will
recover is70%, otherwiseit is35%. On the other hand, if the patient
isnot suffering from cancer and the seriousoperationisperformed the
chancethat hewill recover is20%, otherwiseit is 100%.

Assumethat recovery and death arethe only possibleresults.
Construct an appropriate decision tree. What decision should the
doctor take? (ICWA (new) June 1995)

Solution
Chanceof suffering from cancer =40%
Chancesof not suffering from cancer = 60%

Petientsin suffering from cancer, the patient will recover after the
seriousoperation = 70%

The patient will not recover after operation =30%

Probability that the patient will recover after seriousoperation=
40x70/100 = 0.28

Probability that the patient will not recover after serious
operation =40x30/100=0.12

Probability that the patient will recover without seriousoperation
=40 x35/100 = 0.14

Probability that the patient will not recover without serious
operation =40x65/100=0.26
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Petient isnot suffering from cancer.

Probability that the patient will recover with serious operation
= 60x20/100 = 0.12

Probability that the patient will not recover with seriousoperation
= 60 x80/100 = 0.48

Probability that the patient will recover without operation
= 60x 100/100 = 0.60

Probability that the patient will not recover without
operation=.0

DecisonTreeDiagram
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MODULES
TRANSPORTATION MODEL

Thetrangportation probleminvolvesdetermining aminimum-cost
plan for shipping from multiple sourcesto multipledestinations. A
transportation model isused to determine how to distribute supplies
tovariousdestinationswhileminimizing tota shipping cod. Inthiscase,
ashipping planisproduced and isnot changed unlessfactorssuch as
supply, demand, or unit shipping costschange. Thevariablesinthis
model have alinear relationship and therefore, can be put into a
trangportation table. Thetablewill havealist of originsand each one's
capacity or supply quantity period. It will also show alist of destina
tionsand their respective demandsper period. Also, it will show the
unit cost of shipping goodsfrom each origin to each destination. The
transportation model isavaluabletool in anayzing and modifying
exigting transportation systemsor theimplementation of new ones. In
addition, themode iseffectivein determining resourceallocationin
existing businessstructures. Themode requiresafew keys piecesof
information, whichincludethefollowing:

O Originof thesupply

O Dedtination of thesupply

O Unitcosttoship

Thetrangportation model can aso be used asacomparativetool

providing businessdecis on makerswith theinformation they need to
properly balance cost and supply. The use of thismodel for capacity
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planning issimilar to themodel sused by engineersin the planning of
waterwaysand highways.

Thebasicideain atransportation problemisthat thereare sites
or sources of product that need to be shipped to destinations.
Typically theroutesand the amounts shipped on each route must be
determined and the goal isto minimize the cost of shipping. The
constraintsare that you cannot ship morefrom asource than made at
that source and you do not want to ship moreto aplacethan needed.
The main objective of atransportation problem is to satisfy the
demand destination requirementswithin the plant capacity congtraints
at minimum transportation cost. Sourceissupply. Factory capacity is
supply. Destination isdemand. Warehouse requirementscan a so be
caled demand.

Solution to a Transportation Problem

Thefollowing arethe stepsto solve atransportation problem.
Definetheobjectivefunction. That isminimization of cos.
Set up atransportationtable.

Developaninitia feasiblesolution.

Verify theinitia feasible solutionisoptimum or not.

If thesolutionisnot optimal, then modify the all ocation.
Repesat step and six till we get an optimal solution.

S e A o

Methods to find out Initial Feasible Solution

Thereare mainly threemethods used tofind out initial feasible
solution.

1. NorthWest Corner Method (NWCM)
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2.
3.

L east cost method (LCM)
Vogel’ sgpproximation method

North West Corner Method

Itisasimple method to obtain aninitial solution. Thismethod
doesnot takeinto account the cost of transportation on any route of
transportation.

Seps

1

Start with the cell at the North West corner of the transpor
tation matrix and allocate commaodity equal to theminimum
of therimvauesfor thefirst row and first column.

If allocation donein step | isequal tothe supply availableat
first source, thenmoveverticaly downtothecdl (2,1) inthe
second row and first column.

Apply step oneagain for next alocation.

If alocation madein step 2isequal tothe supply availableat
second source, then movevertically downtothecell (3,1).

Continuethe proceduretill an alocationismadein thesouth
east corner cell of thetransportationstable.

Least Cost Method

Seps

1

Sd ectthecd | withthel owest trangportationcostamongall
therowsor columnsof thetransportation table.

If there are morethan two lowest same cost, we can select
thecell for dlocation arbitrarily, among thelowest cost cells.

School of Distance Education, University of Calicut 68



BBA - MANAGEMENT SCIENCE

3. Assgnmaximumunitsinthelowest cost cell. Thenwecan
exhaust either a row total or a column on the basis of
alocation. Eliminatethat column or row.

4. Consderthereduced matrix table and sdlect another lowest
cost cdl. Then dlocatethemaximumunitsinthat cell. Onthe
basisof that we can exhaust either arow or column.

5. Continue the process till al the available quantities are
exhausted.

3. Vogel’s Approximation Method

Vogel's method is based on the concept of opportuntiy cost.
Opportuntiy cost isthe cost incurred for forgone opportunities or
pendties.

Seps

1. Find the penalty cost namely the difference between the

smallest and next smallest costsin each row and column.

2. Amongthe penatiesfoundinstep (1), select themaximum
penatly. If thereisatiereatewith maximum pendties, salect
any onearbitarily.

3. Fromthesalected column or row (asper step 2) find out the
cdl whichishavinglowest cost. Asmuch asquanttiy must be
alocated to thiscell by considering the demand and supply

4. Thecolumn or row whichisexhausted, isto bedeleted.

Theabove stepsisto becontinuedtill aninitial feasblesolu
tionisattained. It should benoted that if columnisexhausted,
thentherewill beachangeinrow penatly and viceversa.
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[llustration 1

For thefollowing transportation problem, obtaininitial feasible
solutionby

(1) North West Corner method (2) Least Cost method (3)
Vogd'’sA pproximation method.

Origin~ Destingtion Avalability
1 2 3 4
1 10 8 11 7 20
2 9 12 14 6 40
3 8 9 12 10 35

Requirements 16 18 31 30 95
Solution

Inthisproblemtota availability isequal to requirement. Soit has
aninitial basicfeasblesolution.

(1) North West Corner Rule

Degtintion
Origin 1 2 3 4 Availability
1 10 8 11 7 20

9 12 14 6

. REOHE M [ .
8 9 12 10

3 Ol Ol L A
_ 16 18 31 30

Required —@ L L 95
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Theentriesmadeinthetableisgiven below

1

Minimumof 16, and 20isassignedin (1, 1). Column1is
exhausted and eliminated. The balance in availability
correspondingtorow is4.

Minimum of 4 and 18isallocatedto cell (1,2). Row '1'is
exhausted and del eted. The balancein requirement (column
2)is(18-4)=14.

The Minimum of 14 and 40 is allocated to cell (2, 2).
Column '2' is exhausted and deleted. The balance
inavailability rowis26

TheMinimum of 26 and 31 isdlocatedtocell (2, 3). Sorow
Is exhausted and deleted. The balance in requirement is
(31-26)=5

The Minimum of 5 and 31 is allocated to cell (3, 3). So
column 3 is exhausted and deleted. The balance in
availability rowis(35-5)=30

30isallocatedto cell (3, 4).

Thetransportationcost =10x 16 +8x4+12x 14 +
26x14+12x5+10x 30
=Rs. 1084
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2. Initial Solution - Least Cost Method (illustration 1)

1 2 3 4 Availability

10 8@ 11 20

1
ERE Sy

7
8 9 35
3

Required 16 18 31 30 95

Thetableindicatesthat Y. ag = >, b1 =95. Sothereexistsan
initia feasblesolution.

1. Thelowest costintableis6. Sothe minimum of 40, 30is
alocated to cell (2, 4). The column 4 is exhausted and
deleted. Thebaancein*availability’ is40- 30=10.

2 Thenextlowest costis8. Cdl (1, 2) isselected arbitarily.
Theminimum of 18and 20thatis18isd located onthiscell.
Thebalancein *availability’ i s20- 18 =2. Column 2is
exhausted and del eted.

3 Thenext lowest cost isthe other 8 incell (1, 3). The
minimum of 16 and 35isalocatedtoce | (1, 3). Column
lisex hausted and deleted. Thebaancein availability is
35-16=19

4 Thenext minimum costis11. Minimum of 2 (seepoint 2)
and 3lisallocatedtocell (1, 3). Sorow ‘1’ isexhausted
and deleted. Thebalanceinrequirementis31-2=29.
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5 Thenext minimum cost is 12. So select the cell (3, 3).
Minimum of 29and 19isdlocatedinthat cell. Sorow 3’ is
exhausted and diminated.

6 Thenextcosisl4. Theminimumof 10, 10istobeallocated
tocel (2, 3).

Thetrangportationcost =8x 16 + 8x 18 +
2x11+14x10+12x19+6x 30
= Rs. 842

3. Vogel’s Approximation Method (Illustrationl)

Theleast costinrow ‘1’ is7and 8. Sothe penalty (P1)is8-7
=1.Inthesecondrow P1is9-6=3.In3rdrow P1is9-8=1.

Column wise penalty
InthefirstcolumnP1=9-8=1
Inthesecond columnP1=9-8=1
Inthe3rd column,P1 =12-11=1
InthedthcolumnP1=7-6=1

Allocation1
1 Z 3 4 Availability P
14 20 1
14
E[ l12] 14 @ 40 3
22
E[ 1 35 1
33
Requirement 16 18 31 30 95

Pq 1 1 1 1
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Therefore the maximum penalty among columnand row is 3.
Theleast cost corresponding P1 (3) is6. Soassign 30to cell (2, 4).

Thebaanceinavailability columnis10. Column‘4’ isexhausted and
deleted.

Allocation 2
3 Availability P;

=
S

20 2

M 10 3
M 35 1

®
o]
o] B] [=] ™

Requirement 16 18 31 65
P2 1 1 1 1

Asper thetable maximum pendty is3. Thelowest costinrow 2
is9.S0°10 isdlocatedin cell (2, 1). Row 2 is exhausted and
deleted. Thebalancein corresponding requirement is6.

Allocation3
1 2 3 Availability P3
EL I I I ST
1
[8)  lof [ 3 1
s |
Requirement 6 18 31
Pa ) 1 1
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Thereare two maximum penalties- as* 2. Select theAllocation

arbitarily. Theminimum costincolumn 1is8. Soalocate*6’ to cell

(3, 1). The balance in corresponding availability is (35 - 6) = 29.
Column 1lisexhausted and del eted.

Allocetion4

2 3 Availability Py
8 11 20 3

|
9 12 29 3

3

Requirement 18 31
P 1 1

Themaximum penalty is3. Sdect thefirst row arbitarily. Themini
mum costinthat row is*8’ Allocate 18 inthecdl (1, 2). Thebaance

inthecorresponding availability is20 - 18 =2. Column 2 isexhausted
and deleted.

Allocation5
3 Availability

11 2
1
12 29
;
Requirement 31
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Variousallocation doneto thecellsaregiven bel ow.

Origin Designation Availability
1 2

3
10 8@ 20
1
9 12 MI_GI 40
2
@ 8 9 35

Required 16 18 31 30 95

Thetransportationcost= 9% 10+ 8 X 6 + 8 x 18 x
11x2+12x29+6x% 30=Rs. 832
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