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Course Objectives and Outcomes

Course 

Objectives

1. To study the importance of Operations Research.

2. To study the optimization techniques for linear programming, transportation, assignment 

problems 

3. To learn various inventory and project management techniques.

Course 

Outcomes

Upon successful completion of this course, student shall  be able to:

CO 1. Define real world problem into a mathematical form and generate solutions.

CO 2. Evaluate real world Assignment and Transportation Models for feasible solution.

CO 3. Analyze the various inventory control and simulation techniques

CO 4. Apply Game theory to real-life problems.

CO 5. Understand the concept and knowledge of project management to achieve the project

goals..



Mapping of Course Outcomes with Program Outcomes 

and Program Specific Outcomes:

Course 

Outcome

s

Program Outcomes and Program Specific Outcomes

PO1 PO2 PO3 PO4 PO5 PO6 PO7 PO8 PO9 PO 10 PO 11 PSO 1 PSO 2 PSO 3

CO1 3 3 3 2 2 - - - - - 3 3 2 2

CO2 3 3 3 2 2 - - - - - 3 3 2 2

CO3 3 3 3 2 2 - - - - - 3 3 2 2

CO4 2 2 3 2 2 - - - - - 3 3 2 2

CO5 3 3 3 2 2 - - - - - 3 3 2 2

Following mapping is only for reference



Syllabus

Unit Contents

Unit 1

Linear Programming: 
Introduction and methodology of Operation Research, Linear Programming- Definition, mathematical 
formulation, standard form, solution space, solution – feasible, basic feasible, optimal, infeasible, 
multiple, optimal, Redundancy, Degeneracy. Graphical and simplex method. 

Unit 2

Transportation Problems: 
Formulation of transportation model, Basic feasible solution using different methods Optimality 
Methods, Unbalanced transportation problem, Variants in Transportation Problems, Applications of 
Transportation problems. 

Unit 3

Assignment Problems 
Formulation of the Assignment problem, unbalanced assignment problem, typical assignment & 
travelling salesman problem. 



Syllabus

Unit Contents

Unit 4
Inventory Control &Replacement Model 
Inventory control models including both deterministic and stochastic models, Replacement model. 

Unit 5

Project Planning & Management: 
Introduction to Project Management, Project planning tools, CPM & PERT, Gantt chart, Probability of 
completion of project, crashing of project, Resource levelling, Cost analysis of project, Allocation & 
updating of Network 
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Publications Pvt. Ltd. 2016

E-Books 1.
Handbook of Operations Management and Science, Financial Engineering, John Bhinge, Elsevier, 
2007.

Reference 

Books

1. Introduction to Operations Research, Fredrick S Hiller, 10th Edition, McGraw Hill Publication 2017

2. Introduction to Optimization, J C Pant, 7th reprint edition, Jain brother, Delhi 2015.



Unit 1



Introduction 

• Operation Research is a professional discipline which deals with
application of scientific methods for making decision specially to
allocate scare resources.

• It uses tools form different discipline such as mathematics,
economics, psychology, statistics, etc.

• It represents study of optimal resources allocation

• It is often considered as sub field of mathematics
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Definition of OR 

• Operations Research is the art of winning wars without actually fighting. 
- Aurther Clarke.

• Operations Research is the art of giving bad answers to problems where 
otherwise worse answers are given. - T.L. Satty.

• Operations Research is Research into Operations. - J. Steinhardt

• Operations Research is defined as Scientific method for providing 
executive departments a quantitative basis for decisions regarding the 
operations under their control. - P.M. Morse and G.E. Kimball.

• Operations Research is the application of scientific methods, techniques 
and tools to operation of a system with optimum solution to the problem. 
- Churchman, Ackoff and Arnoff.
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Definition of OR 

• Operations Research is the application of the theories of Probability, 
Statistics, Queuing, Games, Linear Programming etc., to the problems of 
War, Government and Industry.

• Operations Research is the use of Scientific Methods to provide criteria 
or decisions regarding man-machine systems involving repetitive 
operations.

• Operations Research is applied decision theory.  It uses any scientific, 
mathematical or logical means to attempt to cope with problems that 
confront the executive, when he tries to achieve a thorough going 
rationally in dealing with his decision problem. D.W. Miller and M.K. 
Starr.
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Methodology of OR 

• Formulating Problem 

• Constructing model to represent the system under 

• Deriving a solution from the model 

• Testing a model and solution derived from it. 

• Establishing controls over the solution 

• Implementation of solution to work 
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Linear Programming

• A model, which is used for optimum allocation of scarce or limited
resources to competing products or activities under such assumptions as
certainty, linearity, fixed technology, and constant profit per unit, is
linear programming.

• Requirement of Linear Programming

• There must be a well defined objective function

• There must be constraints on the amount or extent of attainment of the objective
functions.

• There must be alternative courses of action

• Decision variables should be interrelated and non negative

• Resources must be in limited supply.
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Assumption in Linear Programming 

• Proportionality 

• Additivity

• Continuity 

• Certainty 

• Finite Choice  
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Formulation of Linear Programming Problem

• A firm produces three products. These products are processed on three different 
machines. The time required to manufacture one unit of each of the three products 
and the daily capacity of the three machines are given in the table below.

It is required to determine the daily number of units to be manufactured for each 
product. The profit per unit for product 1, 2 and 3 is 7 4, 7 3 and 7 6 respectively. It 
is assumed that all the amounts produced are consumed in the market. Formulate 
the mathematical (L.P.) model that will maximize the daily profit.

Machine Time per unit (minutes) Machine 

capacity 

(minutes day)
Product 1 Product 2 Product 3

M1 2 3 2 440

M2 4 3 470

M3 2 5 430
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Solution 

• Step 1: In the given situation key decision is to decide the number of 
units of products 1, 2 and 3 to be produced daily.

• Step 2: Let the number of units of products, 1, 2 and 3 manufactured 
daily be x1, x2 and x3.

• Step 3 : x1, x2 and x3 ≥ 0, since negative production has no meaning 
and is not feasible. 

• Step 4: Mention the objective quantitatively and express it as a linear 
function of variables. In the present situation, objective is to maximize 
the profit.

• i. e., maximize Z = 4x1+ 3x2 + 6x3
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Continue 
• Step 5: Express these constraints also as linear equations/inequalities in 

terms of variables. Here, constraints are on the machine capacities and can 
be mathematically expressed as

2x1+ 3x2 +2x3 ≤ 440 

4x1+ 0x2 +3x3 ≤ 470

2x1+ 5x2 +0x3 ≤ 430

Therefore, the complete mathematical (L.P ) model for the problem can be 
written as 

Maximize Z = 4x1+ 3x2 + 6x3

Subjected to constraints 2x1+ 3x2 +2x3 ≤ 440 

4x1+ 0x2 +3x3 ≤ 470

2x1+ 5x2 +0x3 ≤ 430
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Graphical Method 

• Represent the given problem in mathematical form

• Draw the x1 and x2 axes. The non negativity x1≥0 and x2 ≥0 imply that
the solution lies in the first quadrant only.

• Plot each of the constraint on the graph.

• Identify the feasible region that satisfies all the constraints
simultaneously

• Use iso – profit function line approach. 

L04



Example 

A company manufactures two products, X and Y by using three
machines A, B, and C. Machine A has 4 hours of capacity available
during the coming week. Similarly, the available capacity of machines B
and C during the coming week is 24 hours and 35 hours respectively.
One unit of product X requires one hour of Machine A, 3 hours of
machine B and 10 hours of machine C. Similarly one unit of product Y
requires 1 hour, 8 hour and 7 hours of machine A, B and C respectively.
When one unit of X is sold in the market, it yields a profit of Rs. 5/- per
product and that of Y is Rs. 7/- per unit. Solve the problem by using
graphical method to find the optimal product mix.
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Solution 

Let the company manufactures x units of X and y units of Y, and then the L.P.
model is:

Maximize Z = 5x + 7y

Subjected to 1x + 1y ≤ 4

3x + 8y ≤ 24

10x + 7y ≤ 35 and

Both x and y are ≥ 0.

Let us take machine A. and find the boundary conditions. If x = 0, machine A can
manufacture 4/1 = 4 units of y. Similarly, if y = 0, machine A can manufacture 4/1
= 4 units of x.

• Machine B When x = 0 , y = 24/8 = 3 and when y = 0 x = 24/3 = 8

• Machine C When x = 0, y = 35/10 = 3.5 and when y = 0, x = 35 / 7 = 5.
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Solution

line PQ which represents 

1x + 1y = 4.

line RS which represents 

3x + 8y = 24

line TU which represents 

10x + 7y = 35
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Solution
Figure shows the feasible area for all the three machines
combined. This is the fact because a products X and Y
are complete when they are processed on machine A, B,
and C. The area covered by all the three lines PQ. RS,
and TU form a closed polygon ROUVW. This polygon is
the feasible areafor the three machines.

Method 1.

Here we find the co-ordinates of corners of the closed 

polygon ROUVW and substitute the values in the objective 

function.

R = (0, 3.5), O = (0,0), U = (3.5,0), V = (2.5, 1.5) and W = 

(1.6,2.4). Substituting these

values in objective function:

Z( 0,3.5) = 5 × 0 + 7 × 3.5 = Rs. 24.50, at point R

Z (0,0) = 5 × 0 + 7 × 0 = Rs. 00.00, at point O

Z(3.5,0) = 5 × 3.5 + 7 × 0 = Rs. 17.5 at point U

Z (2.5, 1.5) = 5 × 2.5 + 7 × 1.5 = Rs. 23.00 at point V

Z (1.6, 2.4) = 5 × 1.6 + 7 × 2.4 = Rs. 24.80 at point W
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Solution
• Method 2. Isoprofit Line Method: Isoprofit line, a line on 

the graph drawn as per the objective function, assuming 
certain profit. 

• For example in the given problem, the objective function is 
Maximise Z = 5x + 7y. If we assume a profit of Rs. 35/-, to get 
Rs. 35, the company has to manufacture either 7 units of X or 
5 units of Y. 

• we draw line ZZ (preferably dotted line) for 5x + 7y = 35 

• Then draw parallel line to this line ZZ at origin

• The line at origin indicates zero rupees profit

• While moving it touches corners of the polygon showing 
certain higher profit.

• Finally, it touches the farthermost corner covering all the area 
of the closed polygon the line ZZ passing through point W 
covers the entire area of the polygon, hence it is the point that 
yields highest profit. Now point W has co-ordinates (1.6, 2.4). 

• Now Optimal profit Z = 5 × 1.6 + 7 × 2.4 = Rs. 24.80.
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Unbounded Solution example 
• Maximize Z = 5x1 + 4x2

• Subjected to x1-2x2 +≤ 1 

x1+ 2x2 ≥ 3

x1, x2 ≥ 0. 

• The solution space satisfying the 
constraints x1-2x2 ≤ 1 , x1+ 2x2 ≥ 3 and 
non negativity is plotted.  

• Plot line 5x1 + 4x2 = 0

• As it is not possible to get farthest 
corner for the shaded convex region, 
maximum Z cannot be found as it 
occurs at infinity. Therefore problem 
has unbounded solution 
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Infeasible solution example 

• Maximize Z = 3x + 2y

• Subjected to -2x+3y ≤ 9 , 3x-
2y≤ -20 x, y ≥ 0.

• Plot the graph satisfying
constraints.

• Two shaded region do not
overlap with the result that there
is no point (x,y) in common to
both the shaded region.

• The feasible solution to the
problem does not exist i.e.
infeasible solution
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Multiple Solution example 
• Max Z = 10x1 + 6x2

• Subjected to 5x1 + 3X2 ≤ 30 

• x1+2x2 ≤ 18, x1, x2 ≥ 0

• Plot the graph satisfying constraints.

• Here we find the co-ordinates of corners of 
the closed polygon OABC and substitute the 
values in the objective function.

• O = (0,0), A = (0,9), B = (6/7, 60/7) and C = 
(6,0) Substituting these

• values in objective function:

• Z( 0,0) = 0

• Z (0,9) = 54

• Z(6/7, 60/7) = 60

• Z (6,0) = 60

• Z max = 60 
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Standard form of LP 
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Simplex Method 
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Step  2 : Find initial basic feasible solution 

Contribution unit cj 3 4 0 0

Basic Variable Body Matrix Identity Matrix

cB X1 X2 S1 S2 b

0 S1 1 1 1 0 450

0 S2 2 1 0 1 600

• First row indicates the coefficient of cj in the objective function

• cB column represents coefficient of current basic variable in objective function 

• body matrix represents coefficient of aij in the constraints 

• Identity matrix represents coefficient of slack variables in constraints

• b column is quantity column or solution values. 
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Step 3: perform optimality test
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Step 4: Iterate towards optimal solution 
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Step 5: Perform optimality test for second feasible solution 
L-08
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Transportation Model 

Assumption of transportation model

• Total quantity of the item available at different sources is equal to the
total requirement

• Item can be transported conveniently from all sources to destination

• The unit transportation cost of the item from all sources to destination
is certainly precisely known

• The transportation cost on a given routes is directly proportional to the
number of units shipped on that route

• The objective is to minimize the total transportation cost for the
organization as a whole and not for the individual supply and
destination centres
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Definition of transportation model 
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Problem

• Find the optimal solution for the given transportation problem 

Distribution Centre 

1 2 3 4 Supply

1 2 3 11 7 6

Plants 2 1 0 6 1 1

3 5 8 15 9 10

Requirement 7 5 3 2
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Solution 

• Calculate total supply and requirement. If both are equal it is balanced 
problem. If not then dummy supply or requirement is added to make is 
balanced one. 

Distribution Centre 

1 2 3 4 Supply

1 2 3 11 7 6 Total Supply =6+1+7 = 17

Plants 2 1 0 6 1 1

3 5 8 15 9 10 Total requirement = 7+5+3+2 = 17 

Requirement 7 5 3 2 17
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North – West Corner Rule 
• Start in the northwest corner

• If D1<S1, then set x11 equal to D1 & proceed horizontally.

• If D1=S1, then set x11 equal to D1 & proceed diagonally.

• If D1>S1, then set x11 equal to S1 & proceed vertically.

• Continue in this manner, step by step away from north – west to corner until, finally  a value is reached in 
south – east corner 

• Zmin = (2x6+1x1+8x5+15x3+9x2)x100 = 11600

Distribution Centre 

1 2 3 4 Supply

1 2(6) 3 11 7 6 6/0

Plants 2 1(1) 0 6 1 1 1/0

3 5 8(5) 15(3) 9(2) 10 10/5/2/0

Requirement 7/1/0 5/0 3/0 2/0 17
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Row minima method 
• This method consists in allocating as much as possible in the lowest cost cell of the 1st row so that either the

capacity of the 1st plant is exhausted or the requirement at the jth distribution center is satisfied or both

• Three cases arises:

• If the capacity of the 1st plant is completely exhausted, cross off the 1st row & proceed to the 2nd row.

• If the requirement of the jth distribution center is satisfied, cross off the jth column & reconsider the 1st row with the
remaining capacity.

• • If the capacity of the 1st plant as well as the requirement at jth distribution center are completely satisfied, make a
0 allocation in the 2nd lowest cost cell of the 1st row. Cross of the row as well as the jth column & move down to
the 2nd row.

• Zmin = (2x6+0x1+5x1+8x4+15x3+9x2)x100 = 11200

Distribution Centre 

1 2 3 4 Supply

1 2 (6) 3 11 7 6 6/0

Plants 2 1 0 (1) 6 1 1 1/0

3 5 (1) 8(4) 15 (3) 9(2) 10 10/9/5/3/0

Requirement 7/1/0 5/4/0 3/0 2/0 17
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Column Minima Method 
• This method consists in allocating as much as possible in the lowest cost cell of the 1st column so that either the 

capacity of the 1st plant is exhausted or the requirement at the jth distribution center is satisfied or both

• Three cases arises:

• If the capacity of the 1st distribution is completely exhausted, cross off the 1st column & proceed to the 2nd column.

• If the requirement of the ith plant is satisfied, cross off the ith row & reconsider the 1st column with the remaining 
capacity.

• If the capacity of the 1st distribution center as well as the capacity at ith plant are completely satisfied, Cross of the 
column as well as the ith row & move right to the 2nd Column. 

Zmin = (2x6+1x1+8x5+15x3+9x2)x100 = 11600

Distribution Centre 

1 2 3 4 Supply

1 2 (6) 3 11 7 6 6/0

Plants 2 1 (1) 0 6 1 1 1/0

3 5 8(5) 15 (3) 9(2) 10 10/5/3/0

Requirement 7/6/0 5/0 3/0 2/0 17
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Least Cost Method 

• This method consists of allocating as much as possible in the lowest cost 
cell/cells& then further allocation is done in the cell with the 2nd lowest cost.

• In case of tie amongst the cost, select the cell where allocation of more number of 
units can be made. 

• Zmin = (2x6+0x1+5x1+8x4+15x3+9x2)x100 = 11200

Distribution Centre 

1 2 3 4 Supply

1 2 (6) 3 11 7 6 6/0

Plants 2 1 0(1) 6 1 1 1/0

3 5 (1) 8(4) 15 (3) 9(2) 10 10/9/5/3/0

Requirement 7/1/0 5/4/0 3/0 2/0 17
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Vogel Approximation Method 

• Compute the difference between two lowest cost for each row and column. 

• Select row or column with highest opportunity cost. 

• Make allocation to least cost cell in selected row or column.

• Zmin = (2x1+3x5+1x1+5x6+15x3+9x1)x100 = 10200

Distribution Centre 

1 2 3 4 Supply

1 2 (1) 3 (5) 11 7 6/1/0 [1] [1] [5]

Plants 2 1 0 6 1 (1) 1/0 [1]

3 5 (6) 8 15 (3) 9(1) 10/4/3/0 [3] [3] [4]

Requirement 7/6/0 5/0 3/0 2/1/0 17

[1] [3] [5] [6]

[3] [5] [4] [2]

[3] [4] [2]
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Optimality test : Stepping Stone Method

Optimality Test 

• Number of allocation = m+n-1. where m and n are number of rows and column. 

• Allocation should be in independent position. 

Cell (3,2)= (8x1-5x1+2x1-5x1)x100= 0

Cell (1,3) = -1, Cell (1,4) = 1, Cell(2,1)=4

Cell (2,2) =2, Cell (2,3) = -1, Cell (3,2) = 2

• If the cell evaluation is negative, solution is 
not optimal and can be improved. 

• If the cell evaluation is positive or zero 
solution is optimal   
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Modified distribution Method or u-v Method 

• Step 1: Set up a cost 
matrix containing the 
unit costs associated with 
the cells for which 
allocation have been 
made.  

• Step 2: Introduce dual variable corresponding to 
supply and demand constraints. 

• Let ui (i=1,2,…m) 

• vj (1,2,….n)

• ui + vj = cij for all occupied cell 
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Modified distribution Method or u-v Method 

• Step 3:Fill the vacant cells 
with the sum of ui and vj

• Step 4:Substract the cell values of the matrix of 
step 3 from the original cost matrix 
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Modified distribution Method or u-v Method 

• Step 5 :  Signs of the values in the cell evaluation matrix indicates whether 

optimal solution has been obtained or not 

• A negative value in an unoccupied cell indicates that a better solution can be obtained 

by allocating units to this cell.

• A positive value in an unoccupied cell indicates that a poorer solution will result by 

allocating units to the cell. 

• A zero value in an unoccupied cell indicates that another solution of the same total 

value can be obtained by allocating units to this cell. 

• Two cell evaluation is negative so better solution can be obtained by allocating to 

these cell. 

L-13



Modified distribution Method or u-v Method 

Step 6: Iterate towards optimal solution

Step 6.1 Identify the cell with most negative cell 

evaluation. In case of tie in cell evaluation, select 

the cell where maximum allocation can be made   

Step 6.2 Write down again the initial basic feasible 

solution that is to improved. Check mark  the 

identified cell. 
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Modified distribution Method or u-v Method 

Step 6.3 : Trace a closed path in the matrix 

• It begins and terminates in the identified cell 

• It consists of a series of alternate horizontal and vertical lines only 

• It can be traced clockwise or anticlockwise 

• All other corners of the path lie in the allocated cell only. 

• The path may skip over any number of allocated or vacant cells. 

• There will always be one and only one closed path, which may be traced. 
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Modified distribution Method or u-v Method 

• Step 6.4 : Mark the identified cell as positive and each occupied cell at the corner of the
path –ve, +ve and – ve so on.

• Step 6.5 : Make a new allocation in the identified cell by entering the smallest allocation
on the path that has been assigned a – ve sign. Add and subtract this new allocation from
the cell at the corner of the path, maintaining the row and column requirement.

Zmin = (3x5+11x1+1x1+7x5+15x2+9x1)x100 = 10100
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Modified distribution Method or u-v Method 

• Check for optimality 
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Modified distribution Method or u-v Method 
• Check for optimality 

Zmin = (5x3+1x11+1x6+1x15+2x9+7x5)x100 = 10000
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Modified distribution Method or u-v Method 

• Check for optimality 
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Modified distribution Method or u-v Method 

• Check for optimality 

All cell values are positive, third feasible solution is the optimal solution 

Zmin = (5x3+1x11+1x6+1x15+2x9+7x5)x100 = 10000
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Unbalanced transportation problem 

• Consider the following transportation problem 

• Determine the extent of deliveries from each factories to each of the 
store so that the transportation cost is minimum 
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Solution

• Here total production capacity = 200 units 

• Total demand = 185 units 

• Surplus =15 units 

• Demand and supply not balanced, add dummy store with a demand of 15 units 
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Solution
• Basic feasible solution using Vogel’s approximation method. 
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Solution

• Perform Optimality Test

• Since cell values are non negative, first feasible solution is optimal. 

• Z= (4x25+6x5+8x20+10x70+4x30+13x15+8x20+0x15) = 1465 
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Maximization Problem

• As maximization of a function is equivalent to minimization of 
negative of that function, the given problem can be converted to 
minimization problem by multiplying the profit matrix by -1. 

• It may be converted into minimization problem, by subtracting all the 
profits from the highest profit in the matrix and thus can be solved by 
usual method. 

• While finding the initial basic feasible solution, allocation are to be 
made to in the highest profit cell, instead of lowest cost cell. Solution 
will be optimal when all cell evaluations are non positive.  
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Numerical
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Solution
• Prepare the transportation table 

• Profit/unit = sales price/unit – production cost/unit – transportation cost/ unit.

• Total production capacity = 445 units 

• Total demand = 395 units 

• Surplus capacity = 50 units  
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Solution 

• Balanced Maximization Problem 
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Solution 

• Convert maximization problem to minimization problem 
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Solution

• Find initial basic feasible solution by Vogel approximation method
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Solution 
• Perform Optimality Test 

• Perform Optimality Test 

Zmax = (15x46+17x94+15x21+7x119+0x50+14x28+16x69+20x18)= 5292
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Assignment model 
• Mathematical representation of assignment model 
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Hungarian Method for solution of Assignment Problem 

Step 1: Prepare a square matrix

1. If matrix is nxn, matrix is square 

2. If mxn (m!=n) dummy column or row is added to make it square 

Step 2: Reduce the matrix

1. Subtract the smallest element of each row from all the elements of row. So there 

will be at least one zero in each row. 

2. Examine if there is at least one zero in each column. If not, subtract the minimum 

element of the column(s) not containing zero from all elements of that column(s).  
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Hungarian Method for solution of Assignment Problem 

Step 3 : Check whether an optimal assignment can be made in reduced matrix
or not

a) Examine rows successively until a row with exactly one unmarked zero is
obtained. Make an assignment tom m this single zero. Cross all other zero
in the same column. Proceed in this way until all rows have been
examined.

b) Now examine columns successively until a column with exactly one
unmarked zero found. Make assignment and cross other zero in same row.

c) In case there is no row or column containing single unmarked zero , mark
any unmarked zero arbitrarily and cross all other zeros in its row and
column. Proceed in this manner till there is no unmarked zero left.

d) Repeat sub steps a and b till one of the following two things occurs
1. There is assignment in each row and column. In this case current feasible solution

is the optimal solution.
2. There is some row and /or column without assignment. Follow Step 4.
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Hungarian Method for solution of Assignment Problem 

• Step 4: Find the minimum number of lines crossing all zeros. 
a) Mark the row that do not have assignment 

b) Marks the column (not already marked) that have zeros in the marked 
column. 

c) Mark the row (not already marked) that have assignment in marked column. 

d) Repeat sub steps b and c till no more rows or column can be marked. 

e) Draw straight line through all unmarked rows and marked columns. If the 
number of lines equal to the order matrix, then it is an optimal solution.  

• Step 5: Iterate towards the optimal solution
• Examine the uncovered elements. Select thee smallest elements and substract

it from all uncovered elements. Add  this smallest element to every element 
that lies at the intersection of two lines. Leave the remaining elements of the 
matrix as such. 

• Step 6: Repeat steps 3 to 5 successively until optimal solution is 
reached. 
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Numerical 
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Solution 
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Solution

Zmin = (13x1+11x1+11x1+14x1)x100 = 4900 
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Numerical 

How should the jobs be assigned to the various machines so that the total cost is minimized? 
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Solution 
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Solution

• Iterate towards optimality 

Zmin = (5+5+10+3)= 23
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Variation in Assignment model 

• Non square Matrix

L-22



Solution 

• Prepare a square matrix • Reduce the matrix 
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Solution 

• Iterate towards optimal solution• Check for optimal allotment
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Solution 

• Iterate towards optimal solution• Check for optimal allotment
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Solution 
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Maximization problem 
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Solution 

• Convert maximization problem to 
minimization by subtracting all 
thee elements of the matrix from 
the largest elements. 

• Reduce the matrix 
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Solution 

• Check if optimal assignment can be made. 
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Restriction on Assignment 
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Solution 

• Prepare a square matrix • Prepare a square matrix 
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Solution

• Check for optimality 
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Travelling Salesman Problem 

• There are a number of cities a salesman must visit. The
distance (or time and cost ) between every pair of cities is
known. He starts from his home city, passes through each city
once and only once and return to his home city. The problem is
to find the routes shortest in distance (or time or cost).
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Numerical
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Numerical 
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Solution 
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Solution 

• Case 2• Case 1 
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Solution 

• Method 2 

L-28



Unit 4



Inventory Control 

• Inventory consists of usable but idle resources. 

• Necessity of inventory 

• Smooth and efficient running of enterprise 

• Provides service at very short notice. 

• In absence, need to pay high price. 

• Reduces product cost 

• Acts as buffer stock 

• Helps in maintaining economy 
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Classification of inventory 

• Direct Inventory 
• Product inventory

• Work in process inventory 

• Finished good inventory 

• MRO inventory 

• Miscellaneous inventory  

• Indirect inventory 
• Transit or pipeline inventory 

• Buffer inventory 

• Decoupling inventory 

• Seasonal inventory 

• Lot size inventory

• Anticipation inventory 
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Inventory Cost 

• Purchase cost 

• Inventory carrying cost / stock holding cost 
• Cost of money 

• Cost of storage

• Depreciation cost 

• Pilferage cost 

• Obsolesce cost 

• Handling cost 

• Record keeping cost 

• Taxes and Insurance 

• Procurement cost 

• Shortage cost 
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Inventory Control Problem 

• When to order ?

• How much to order ?

• How much safety stock should be kept ? 

Inventory Model with Deterministic Demand 

• A Stockist has to order to supply goods to customer at a uniform rate R per
unit time.

• Demand is fixed and known.

• No shortage allowed , C2 is infinity

• Time t is fixed

• Ordering cost per order is C3.
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Numerical 
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Numerical 
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Inventory Model with Deterministic Demand 

• Demand rate uniform, Production rate finite
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Numerical
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Inventory Model with Deterministic Demand 

• Demand Rate Uniform, Replenishment Rate Infinite, Shortage Allowed 
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Inventory Model with Deterministic Demand 

• Demand Rate Uniform, Production Rate Finite, Shortage Allowed 
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Inventory Model with Deterministic Demand 
A particular item has a demand of 9,000 units/years. The cost of one procurement is Rs 100 and holding
cost per unit is Rs. 2.40 per year. The replacement is instantaneous and shortage cost is Rs. 5 per unit per
year. Determine

i. The economic lot size

ii. The number of order per year

iii. The time between orders

iv. The total cost per year if the cost of one unit is Rs. 1
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Replacement Model 

• All equipment's gets worn with time and usage and its functions with 

decreasing efficiency  

• Items which do not detoriate with time but suddenly fails 

• Items get obsolete due to new discoveries and better design 

• Staff in an organisation that gradually decreases due to death, 

retirement and other reasons. 
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Types of Failure 

• Gradual Failure 

• Gradual failure is progressive in nature it results in 

• Increase running cost 

• Decreased productivity 

• Decreased resale or scrap value 

• Sudden Failure 

• Progressive Failure 

• Retrogressive Failure 

• Random Failure 
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Placement of item that deteriorate 

• Replacement of item whose maintenance and repair costs increased with time, 
ignoring change in the value of money during the period. 

• The maintenance cost and resale value per year of a machine whose purchase price 
is Rs. 7000 is given below. 

• When should the machine be replaced ? 
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Placement of item that deteriorate 

• Replacement of item whose maintenance and repair costs increased with time, value 
of money also changes with time.  
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Solution 
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Unit 5



Project Planning and Management 

• Project 

• Combination of interrelated activities which must be executed in a certain 
order before entire task is completed. 

• Salient Characteristics of a project 

• Project must have beginning and end 

• It is not permanent entity 

• It is schedule to be completed by a target date. 

• Objective are clear and output or end product is define 

• It involves heavy investment 

• Execution of project activities and hence completion of the project is always 
subjected to some uncertainties and risk. 

L-35



Basic requirement of project 

• It should be completed without any delay. 

• It should use as small man power and other resources as possible 

• It should involve as small investment as possible. 

Project Management 

• Project Planning 

• Project Scheduling 

• Project Controlling 
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Project Planning 
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Project Scheduling 
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Project Controlling 
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Network Techniques 

• Program Evaluation and Review Technique (PERT)

• It is preferred for the project that are non – repetitive. 

• There is no significant past experience to guide 

• Critical Path Method (CPM)

• It consists of number of well recognised jobs , tasks or activities 

• It is generally used for simple, repetitive types of projects

• It is deterministic model than a probabilistic model. 
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Network 
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Network Construction 
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Solution
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Critical Path Method 
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Solution
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Project Evaluation and Review Technique 
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Numerical 
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Solution 
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Cost Analysis and Crashing the network 

• Project Cost

• Direct Cost 

• Indirect Cost

• Crashing the network 

• Time – Cost Trade off Procedure 
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Numerical
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Solution 
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Solution 
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Solution 
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Solution 

• Complete crashing of the network from 22 days to 14 days can be 
represented  in a single diagram. 
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Resource Levelling 

• Variable Resource Levelling 

• Fixed Resource Levelling 

• Combined Resource Levelling 
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Updating of Network 
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Solution 
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