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Preface
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the students or any new learner of quantitative methods.

We, the authors, will be more happy to receive any suggestions or
recommendation for further betterment of contents written in the book.

We thank one and all who knowingly or unknowingly supported to make
this book possible.

Rajiv Mishra
Dr. (Mrs.) Abhilasha S. Magar



Syllabus

1. Testing of Hypothesis: Null Hypothesis, Alternative Hypothesis, Decision Criterion,
Critical Region, Type I and Type II Error, Level of Significance, Test-based on Large
Sample for Means and Proportion/s. (8 Lectures)

2. Linear Programming Techniques: Meaning, Advantages, Limitations, Business
Applications, Basic Terminology, Formulation of Linear Programming Problems, Graphical
Method of Solving Linear Programming, Problems, Simplex Method (up to 3 Variables)
with Maximisation and Minimisation, Duality in Linear Programming (concept only).

(8 Lectures)

3. Matrices and Determinants (Application in Business and Economics): Matrices, Types
of Matrices, Transpose, Addition, Multiplication, Subtraction of Matrix, Determinants,
Types of Determinants, Inverse of a Matrix by Pivotal Reduction Method, Adjoint Method
and Row/Column Transformation, Application of Matrices and Determinants to Business
and Economics (Please concentrate on application of Matrices and Determinants to Business
and Economics). (8 Lectures)

4. Ratio, Proportion and Percentage: Ratio Definition, Continued Ratio, Inverse Ratio,
Proportion, Continued Proportion, Direct Proportion, Inverse Proportion, Variation, Inverse
Variation, Joint Variation, Percentage: Meaning and Computation of Percentage.

(6 Lectures)

5. Statistical Application in Investment Management: Expected Return from Shares (Using
Probability), Measuring Total Risk from Investigator Shares (Using Standard Deviations),
Partitioning Risk into Systematic and Unsystematic Component (Using Co-variance)
Measuring Risks of Portfolio (Using Co-relation) to Draw Conclusions Regarding Share
Prices (Using Testing of Hypothesis). (8 Lectures)

6. Economic Indicator: GDP, Real Growth in GDP Price Level Inflation Rate, Money Supply,
Index for Agricultural Production Index for Industrial Production, Electrical (6 Lectures)



Paper Pattern
Duration: 2 ½ Hours Maximum Marks: 75
Questions to be set: 05
All Questions are Compulsory Carrying 15 Marks each.

Question
No. Particular Marks

Q.1. Objective Questions (15 Marks)

(a) Sub Questions to be asked 10 and to be answered any 08

(b) Sub Questions to be asked 10 and to be answered any 07

(*Multiple choice / True or False / Match the columns/Fill in the blanks

Q.2. Full Length Question (15 Marks)

OR

Q.2. Full Length Question (15 Marks)

Q.3. Full Length Question (15 Marks)

OR

Q.3. Full Length Question (15 Marks)

Q.4. Full Length Question (15 Marks)

OR

Q.4. Full Length Question (15 Marks)

Q.5. (a) Theory Question (08 Marks)

(b) Theory Question (07 Marks)

OR

Q.5 Short Notes (15 Marks)

To be asked 05

To be answered 03

Note: Theory question of 15 marks may be divided into two sub questions of 7/8 and 10/5
Marks.



Contents

1. Hypothesis Testing 1 - 9

2. Linear Programming Techniques 10 - 56

3. Matrices and Determinants 57 - 105

4. Ratio, Proportion, and Percentage 106 - 113

5. Statistical Application in Investment Management 114 - 132

6. Economic Indicator 133 - 137



1

Hypothesis Testing

 Introduction
 Statistical Hypothesis
 Steps in Testing of Hypothesis
 Decision Criterion
 Hypothesis Testing for Single Population Mean
 Hypothesis Test for a Proportion
 Exercises
 Objectives

INTRODUCTION
Hypothesis testing is the use of statistics to determine the probability that a given hypothesis is

true. The usual process of hypothesis testing consists of four steps.
1. Formulate the null hypothesis H0 (commonly, that the observations are the result of pure

chance) and the alternative hypothesis Ha (commonly, that the observations show a real
effect combined with a component of chance variation).

2. Identify a test statistic that can be used to assess the truth of the null hypothesis.
3. Compute the P-value, which is the probability that a test statistic at least as significant as the

one observed would be obtained assuming that the null hypothesis were true. The smaller the
P-value, the stronger the evidence against the null hypothesis.

4. Compare the p-value to an acceptable significance value  (sometimes called an alpha value).
If p  , that the observed effect is statistically significant, the null hypothesis is ruled out,
and the alternative hypothesis is valid.

A process by which an analyst tests a statistical hypothesis. The methodology employed by the
analyst depends on the nature of the data used, and the goals of the analysis. The goal is to either
accept or reject the null hypothesis.

Hypothesis testing is used to infer a result of a hypothesis performed on sample data from a
larger population. For example, performing a hypothesis test on sample data in an attempt to
determine the mean of a population is the same as the mean of the sample.

A statistical hypothesis is an assumption about a population parameter. This assumption may or
may not be true. Hypothesis testing refers to the formal procedures used by statisticians to accept or
reject statistical hypotheses.
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STATISTICAL HYPOTHESIS
The best way to determine whether a statistical hypothesis is true would be to examine the entire

population. Since that is often impractical, researchers typically examine a random sample from the
population. If sample data are not consistent with the statistical hypothesis, the hypothesis is rejected.

There are two types of statistical hypotheses.
 Null hypothesis. The null hypothesis, denoted by H0, is usually the hypothesis that sample

observations result purely from chance.
The simplistic definition of the null is as the opposite of the alternative hypothesis, H1, although

the principle is a little more complex than that. The null hypothesis (H0) is a hypothesis which the
researcher tries to disprove, reject or nullify. The ‘null’ often refers to the common view of something,
while the alternative hypothesis is what the researcher really thinks is the cause of a phenomenon. The
simplistic definition of the null is as the opposite of the alternative hypothesis, H1, although the
principle is a little more complex than that. The null hypothesis (H0) is a hypothesis which the
researcher tries to disprove, reject or nullify. The ‘null’ often refers to the common view of something,
while the alternative hypothesis is what the researcher really thinks is the cause of a phenomenon. An
experiment conclusion always refers to the null, rejecting or accepting H0 rather than H1. Despite this,
many researchers neglect the null hypothesis when testing hypotheses, which is poor practice and can
have adverse effects.

For example, suppose we wanted to determine whether a coin was fair and balanced. A null
hypothesis might be that half the flips would result in Heads and half, in Tails. The alternative
hypothesis might be that the number of Heads and Tails would be very different. Symbolically, these
hypotheses would be expressed as

H0: P = 0.5
Ha: P ≠ 0.5

Suppose we flipped the coin 50 times, resulting in 40 Heads and 10 Tails. Given this result, we
would be inclined to reject the null hypothesis. We would conclude, based on the evidence, that the
coin was probably not fair and balanced.

For example, A researcher may postulate a hypothesis: H1: Tomato plants exhibit a higher
rate of growth when planted in compost rather than in soil.

And a null hypothesis: H0: Tomato plants do not exhibit a higher rate of growth when planted in
compost rather than soil. It is important to carefully select the wording of the null, and ensure that it is
as specific as possible.

For example, the researcher might postulate a null hypothesis: H0: Tomato plants show no
difference in growth rates when planted in compost rather than soil.

There is a major flaw with this H0. If the plants actually grow more slowly in compost than in soil,
an impasse is reached. H1 is not supported, but neither is H0, because there is a difference in growth
rates.

If the null is rejected, with no alternative, the experiment may be invalid. This is the reason why
science uses a battery of deductive and inductive processes to ensure that there are no flaws in the
hypotheses.
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Many scientists neglect the null, assuming that it is merely the opposite of the alternative, but it is
good practice to spend a little time creating a sound hypothesis. It is not possible to change any
hypothesis retrospectively, including H0.

 Alternative hypothesis. The alternative hypothesis, denoted by H1 or Ha, is the hypothesis
that sample observations are influenced by some non-random cause. The alternative
hypothesis is the hypothesis used in hypothesis testing that is contrary to the null hypothesis.
It is usually taken to be that the observations are the result of a real effect (with some amount
of chance variation superposed).

The alternative or experimental hypothesis reflects that there will be an observed effect for our
experiment. In a mathematical formulation of the alternative hypothesis there will typically be an
inequality, or not equal to symbol. This hypothesis is denoted by either Ha or by H1. The alternative
hypothesis is what we are attempting to demonstrate in an indirect way by the use of our hypothesis
test. If the null hypothesis is rejected, then we accept the alternative hypothesis. If the null hypothesis
is not rejected, then we do not accept the alternative hypothesis. Going back to the above example of
mean human body temperature, the alternative hypothesis is “The average adult human body
temperature is not 98.6 degrees Fahrenheit.” If we are studying a new treatment, then the alternative
hypothesis is that our treatment does in fact change our subjects in a meaningful and measureable way.

STEPS INVOLVED IN TESTING HYPOTHESIS
Statisticians follow a formal process to determine whether to reject a null hypothesis, based on

sample data. This process, called hypothesis testing, consists of four steps.
 State the hypotheses. This involves stating the null and alternative hypotheses. The

hypotheses are stated in such a way that they are mutually exclusive. That is, if one is true,
the other must be false.

 Formulate an analysis plan. The analysis plan describes how to use sample data to evaluate
the null hypothesis. The evaluation often focuses around a single test statistic.

 Analyse sample data. Find the value of the test statistic (mean score, proportion, t-score, z-
score, etc.) described in the analysis plan.

 Interpret results. Apply the decision rule described in the analysis plan. If the value of the
test statistic is unlikely, based on the null hypothesis, reject the null hypothesis.

DECISION ERRORS
Two types of errors can result from a hypothesis test.
 Type I error. A Type I error occurs when the researcher rejects a null hypothesis when it is

true. The probability of committing a Type I error is called the significance level. This
probability is also called alpha, and is often denoted by α.

 Type II error. A Type II error occurs when the researcher fails to reject a null hypothesis
that is false. The probability of committing a Type II error is called Beta, and is often
denoted by β. The probability of not committing a Type II error is called the Power of the
test.
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DECISION RULES
The analysis plan includes decision rules for rejecting the null hypothesis. In practice,

statisticians describe these decision rules in two ways – with reference to a P-value or with reference
to a region of acceptance.

 P-value. The strength of evidence in support of a null hypothesis is measured by the P-value.
Suppose the test statistic is equal to S. The P-value is the probability of observing a test
statistic as extreme as S, assuming the null hypothesis is true. If the P-value is less than the
significance level, we reject the null hypothesis.

 Region of acceptance. The region of acceptance is a range of values. If the test statistic falls
within the region of acceptance, the null hypothesis is not rejected. The region of acceptance
is defined so that the chance of making a Type I error is equal to the significance level.

 The set of values outside the region of acceptance is called the region of rejection. If the test
statistic falls within the region of rejection, the null hypothesis is rejected. In such cases, we
say that the hypothesis has been rejected at the α level of significance.

These approaches are equivalent. Some statistics texts use the P-value approach; others use the
region of acceptance approach. In subsequent lessons, this tutorial will present examples that illustrate
each approach.

One-Tailed and Two-Tailed Tests
A test of a statistical hypothesis, where the region of rejection is on only one side of the sampling

distribution, is called a one-tailed test. For example, suppose the null hypothesis states that the mean is
less than or equal to 10. The alternative hypothesis would be that the mean is greater than 10. The
region of rejection would consist of a range of numbers located on the right side of sampling
distribution; that is, a set of numbers greater than 10.

A test of a statistical hypothesis, where the region of rejection is on both sides of the sampling
distribution, is called a two-tailed test. For example, suppose the null hypothesis states that the mean is
equal to 10. The alternative hypothesis would be that the mean is less than 10 or greater than 10. The
region of rejection would consist of a range of numbers located on both sides of sampling distribution;
that is, the region of rejection would consist partly of numbers that were less than 10 and partly of
numbers that were greater than 10.

Power of a Hypothesis Test
The probability of not committing a Type II error is called the power of a hypothesis test.

Effect Size
To compute the power of the test, one offers an alternative view about the “true” value of the

population parameter, assuming that the null hypothesis is false. The effect size is the difference
between the true value and the value specified in the null hypothesis.

Effect size = True value – Hypothesised value
For example, suppose the null hypothesis states that a population mean is equal to 100. A

researcher might ask: What is the probability of rejecting the null hypothesis if the true population
mean is equal to 90? In this example, the effect size would be 90-100, which equals -10.
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Factors That Affect Power
The power of a hypothesis test is affected by three factors.
 Sample size (n). Other things being equal, the greater the sample size, the greater the power

of the test.
 Significance level (α). The higher the significance level, the higher the power of the test. If

you increase the significance level, you reduce the region of acceptance. As a result, you are
more likely to reject the null hypothesis. This means you are less likely to accept the null
hypothesis when it is false; i.e., less likely to make a Type II error. Hence, the power of the
test is increased.

 The “true” value of the parameter being tested. The greater the difference between the “true”
value of a parameter and the value specified in the null hypothesis, the greater the power of
the test. That is, the greater the effect size, the greater the power of the test.

Problem 1: Other things being equal, which of the following actions will reduce the power of a
hypothesis test?

I. Increasing sample size.
II. Increasing significance level.
III. Increasing beta, the probability of a Type II error.

(A) I only
(B) II only
(C) III only
(D) All of the above
(E) None of the above

Solution:
The correct answer is (C). Increasing sample size makes the hypothesis test more sensitive –

more likely to reject the null hypothesis when it is, in fact, false. Increasing the significance level
reduces the region of acceptance, which makes the hypothesis test more likely to reject the null
hypothesis, thus increasing the power of the test. Since, by definition, power is equal to one minus
beta, the power of a test will get smaller as beta gets bigger.

Problem 2: Suppose a researcher conducts an experiment to test a hypothesis. If she doubles her
sample size, which of the following will increase?

I. The power of the hypothesis test.
II. The effect size of the hypothesis test.
III. The probability of making a Type II error.

(A) I only
(B) II only
(C) III only
(D) All of the above
(E) None of the above
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Solution:
The correct answer is (A). Increasing sample size makes the hypothesis test more sensitive –

more likely to reject the null hypothesis when it is, in fact, false. Thus, it increases the power of the
test. The effect size is not affected by sample size. And the probability of making a Type II error gets
smaller, not bigger, as sample size increases.

HYPOTHESIS TEST FOR A PROPORTION
This lesson explains how to conduct a hypothesis test of a proportion, when the following

conditions are met:
 The sampling method is simple random sampling.
 Each sample point can result in just two possible outcomes. We call one of these outcomes a

success and the other, a failure.
 The sample includes at least 10 successes and 10 failures. (Some texts say that 5 successes

and 5 failures are enough.)
 The population size is at least 10 times as big as the sample size.

This approach consists of four steps: (1) state the hypotheses, (2) formulate an analysis plan,
(3) analyse sample data, and (4) interpret results.

State the Hypotheses
Every hypothesis test requires the analyst to state a null hypothesis and an alternative hypothesis.

The hypotheses are stated in such a way that they are mutually exclusive. That is, if one is true, the
other must be false; and vice versa.

Formulate an Analysis Plan
The analysis plan describes how to use sample data to accept or reject the null hypothesis. It

should specify the following elements.
 Significance level. Often, researchers choose significance levels equal to 0.01, 0.05, or 0.10;

but any value between 0 and 1 can be used.
 Test method. Use the one-sample z-test to determine whether the hypothesised population

proportion differs significantly from the observed sample proportion.

Analyse Sample Data
Using sample data, find the test statistic and its associated P-Value.
 Standard deviation. Compute the standard deviation (σ) of the sampling distribution.

σ = sqrt[ P * ( 1 - P ) / n ]
where P is the hypothesised value of population proportion in the null hypothesis, and n is
the sample size.

 Test statistic. The test statistic is a z-score (z) defined by the following equation.
z = (p - P) / σ

where P is the hypothesised value of population proportion in the null hypothesis, p is the
sample proportion, and σ is the standard deviation of the sampling distribution.



Hypothesis Testing 7

 P-value. The P-value is the probability of observing a sample statistic as extreme as the test
statistic. Since the test statistic is a z-score, use the Normal Distribution Calculator to assess
the probability associated with the z-score. (See sample problems at the end of this lesson for
examples of how this is done.)

Interpret Results
If the sample findings are unlikely, given the null hypothesis, the researcher rejects the null

hypothesis. Typically, this involves comparing the P-value to the significance level, and rejecting the
null hypothesis when the P-value is less than the significance level.

Problem 1: Two-Tailed Test
The CEO of a large electric utility claims that 80 per cent of his 1,000,000 customers are very

satisfied with the service they receive. To test this claim, the local newspaper surveyed 100 customers,
using simple random sampling. Among the sampled customers, 73 per cent say they are very satisfied.
Based on these findings, can we reject the CEO’s hypothesis that 80% of the customers are very
satisfied? Use a 0.05 level of significance.

Solution:
The solution to this problem takes four steps: (1) state the hypotheses, (2) formulate an analysis

plan, (3) analyse sample data, and (4) interpret results. We work through those steps below:
State the hypotheses. The first step is to state the null hypothesis and an alternative
hypothesis.

Null hypothesis: P = 0.80
Alternative hypothesis: P ≠ 0.80

 Note that these hypotheses constitute a two-tailed test. The null hypothesis will be rejected if
the sample proportion is too big or if it is too small.

 Formulate an analysis plan. For this analysis, the significance level is 0.05. The test
method, shown in the next section, is a one-sample z-test.

 Analyse sample data. Using sample data, we calculate the standard deviation (σ) and
compute the z-score test statistic (z).

σ = sqrt[ P * ( 1 - P ) / n ] = sqrt [(0.8 * 0.2) / 100] = sqrt(0.0016) = 0.04
z = (p - P) / σ = (.73 - .80)/0.04 = -1.75

where P is the hypothesised value of population proportion in the null hypothesis, p is the
sample proportion, and n is the sample size.
Since we have a two-tailed test, the P-value is the probability that the z-score is less than –
1.75 or greater than 1.75.
We use the Normal Distribution Calculator to find P(z < –1.75) = 0.04, and P(z > 1.75) =
0.04. Thus, the P-value = 0.04 + 0.04 = 0.08.

 Interpret results. Since the P-value (0.08) is greater than the significance level (0.05), we
cannot reject the null hypothesis.

Note: If you use this approach on an exam, you may also want to mention why this approach is
appropriate. Specifically, the approach is appropriate because the sampling method was simple
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random sampling, the sample included at least 10 successes and 10 failures, and the population size
was at least 10 times the sample size.

Problem 2: One-Tailed Test
Suppose the previous example is stated a little bit differently. Suppose the CEO claims that at

least 80 per cent of the company’s 1,000,000 customers are very satisfied. Again, 100 customers are
surveyed using simple random sampling. The result: 73 per cent are very satisfied. Based on these
results, should we accept or reject the CEO’s hypothesis? Assume a significance level of 0.05.

Solution:
The solution to this problem takes four steps: (1) state the hypotheses, (2) formulate an analysis

plan, (3) analyse sample data, and (4) interpret results. We work through those steps below:
 State the hypotheses. The first step is to state the null hypothesis and an alternative

hypothesis.
Null hypothesis: P >= 0.80

Alternative hypothesis: P < 0.80
Note that these hypotheses constitute a one-tailed test. The null hypothesis will be rejected
only if the sample proportion is too small.

 Formulate an analysis plan. For this analysis, the significance level is 0.05. The test
method, shown in the next section, is a one-sample z-test.

 Analyse sample data. Using sample data, we calculate the standard deviation (σ) and
compute the z-score test statistic (z).

σ = sqrt[ P * ( 1 - P ) / n ] = sqrt [(0.8 * 0.2) / 100] = sqrt(0.0016) = 0.04
z = (p - P) / σ = (.73 - .80)/0.04 = -1.75

where P is the hypothesised value of population proportion in the null hypothesis, p is the
sample proportion, and n is the sample size.
Since we have a one-tailed test, the P-value is the probability that the z-score is less than -
1.75. We use the Normal Distribution Calculator to find P(z < -1.75) = 0.04. Thus, the P-
value = 0.04.

 Interpret results. Since the P-value (0.04) is less than the significance level (0.05), we
cannot accept the null hypothesis.

Note: If you use this approach on an exam, you may also want to mention why this approach is
appropriate. Specifically, the approach is appropriate because the sampling method was simple
random sampling, the sample included at least 10 successes and 10 failures, and the population size
was at least 10 times the sample size.

OBJECTIVE QUESTIONS

A. Fill in the Blanks
1. Hypothesis is supposition made on the basis of _____________.
2. _____________ is formed about some population.
3. Some statisticians prefer to calculate _____________ when carrying out tests.
4. To treat the _____________ hypothesis we compare the observed and expected frequencies.
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5. _____________ Enables us to make probability statement about population parameters.
[Ans.:1. Reasoning, 2. Hypothesis, 3. p values, 4. Null, 5. Hypothesis testing]

B. State whether the following statement is True/false
1. The theory of testing hypothesis was initiated by J. Nyman and E.S. Pearson.
2. Hypothesis testing never begins with an assumption that we have about the population

parameters.
3. The p-value of a test is the probability of observing a test statistic at least as extreme as the

one computed given that the null hypothesis is true.
4. The p-value of a test is the smallest level of significance at which the null hypothesis can be

rejected.
5. If we reject a null hypothesis about a population proportion p at the 0.025 level of

significance, then we must also reject it at the 0.05 level.
[Ans.: TRUE: 1., 3., 5. FALSE: 2., 4.]
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Linear Programming Techniques

INTRODUCTION TO LINEAR PROGRAMMING
Linear programming is a problem solving approach that has been developed to help managers to

make decision.
Linear programming is a mathematical technique for determining the optimum allocation of

resources and obtaining a particular objective when there are alternative uses of the resources, money,
manpower, material, machine and other facilities.

THE NATURE OF LINEAR PROGRAMMING PROBLEM
Two of the most common are:
(i) The product-mix problem

(ii) The blending problem
In the product-mix problem there are two or more product also called candidates or activities

competing for limited resources. The problem is to find out which products to include in production
plan and in what quantities these should be produced or sold in order to maximize profit, market share
or sales revenue.

The blending problem involves the determination of the best blend of available ingredients to
from a certain quantity of a product under strict specifications. The best blend means the least cost
blend of the required inputs.

FORMULATION OF THE LINEAR PROGRAMMING MODEL
Three components are
1. The decision variable
2. The environment (uncontrollable) parameters
3. The result (dependent) variable

The Decision
Variable

The Constraints

Objective Function

Fig. 1.1: The Linear Programming Model is Composed of the Same Components

TERMINOLOGY USED IN LINEAR PROGRAMMING PROBLEM
1. Components of LP Problem: Every LPP is composed of (a) Decision variable, (b) Objective

function, (c) Constraints.
2. Optimization: Linear programming attempt to either maximize or minimize the values of

the objective function.
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3. Profit of Cost Coefficient: The coefficient of the variable in the objective function express
the rate at which the value of the objective function increases or decreases by including in
the solution one unit of each of the decision variable.

4. Constraints: The maximizations (or minimizations) is performed subject to a set of
constraints. Therefore LP can be defined as a constrained optimization problem. They reflect
the limitations of the resources.

5. Input-Output Coefficients: The coefficient of constraint variables are called the Input-
output coefficients. They indicate the rate at which a given resource is unitized or depleted.
They appear on the left side of the constraints.

6. Capacities: The capacities or availability of the various resources are given on the right
hand side of the constraints.

The Mathematical Expression of the LP Model
The general LP Model can be expressed in mathematical terms as shown below:

Let
oij = Input-Output coefficient
cj = Cost (profit) coefficient
bi = Capacities (Right hand side)
xj = Decision variables
Find a vector (x1, x2,... ... ... xn) that minimize or maximize a linear objective function F(x) where
F(x) = x1x1 + c2x2 + ... ... ... cnxn

Subject to the linear constraints
a1x1 + a1x2 + ... ... ... a1nxn = b2

a2x1 + a2x2 + ... ... ... c2nxn≤ b2

...........................

...........................

...........................

...........................
am1x1 + am2x2 + ... ... ... amnxn ≤ bm

and non-negativity constraints
x1 ≥ 0, x2 ≥ 0, ... ... ... xn ≥ 0

MERITS OF LPP
1. Helps management to make efficient use of resources.
2. Provides quality in decision making.
3. Excellent tools for adjusting to meet changing demands.
4. Fast determination of the solution if a computer is used.
5. Provides a natural sensitivity analysis.
6. Finds solution to problems with a very large or infinite number of possible solution.
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DEMERITS OF LPP
1. Existence of non-linear equation: The primary requirements of Linear Programming is that

the objective function and constraint function should be linear. Practically linear relationship
do not exists in all cases.

2. Interaction between variables: LP fails in a situation where non-linearity in the equation
emerge due to joint interaction between some of the activities like total effectiveness or the
total some resource.

3. Fractional value: In LPP fractional values are permitted for the decision variable.
4. Knowledge of coefficients of the equation: It may not be possible to state to all coefficient

in the objective function and constraints with certainty.
Example 1: A coin to be minted contains 40% silver, 50% copper, 10% nickel. The mint has

available alloys X,Y, Z and W having the following composition and costs.

% silver % copper % nickel Cost/kg `
X 30 60 10 10.00
Y 35 35 30 12.00
Z 50 40 10 18.00
W 40 45 15 14.00

The total quantity of metals is 1000 kg. Formulate the LPP of getting the alloys with specific
composition at minimum cost.
Solution: Suppose x1, x2, x3, x4 be the quantities of alloys X, Y, Z, W used for the purpose in kg.

x1 + x2 + x3 + x4 ≤ 1000
The objective function z = 10x1 + 12x2 + 18x3 + 14x4 and the constraints are:
For silver 0.3x1 + 0.35x2 + 0.5x3 + 0.4x4 ≤ 400
For copper 0.60x1 + 0.35x2 + 0.4x3 + 0.4x4 ≤ 500
For nickel 0.1x1 + 0.3x2 + 0.1x3 + 0.15x4 ≤ 100
x1, x2, x3, x4 ≥ 0
Then LPP
Minimize z = 10x1 + 12x2 + 18x3 + 14x4

Subject to,
0.3x1 + 0.35x2 + 0.5x3 + 0.4x4 ≤ 400
0.60x1 + 0.35x2 + 0.4x3 + 0.45x4 ≤ 500
0.1x1 + 0.3x2 + 0.1x3 + 0.15x4 ≤ 100
x1 + x2 + x3 + x4 ≤ 1000
x1, x2, x3, x4 ≥ 0

Example 2: The inmates of an institution are daily fed with two food items A and B. To maintain
their health the nutritional requirement for each individual and the nutrient content of
each food item The problem is to determine the combination of units of A and B per
person at minimum cost when per unit cost of A and B is given.
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(Per 100gm)
Food A

(Per 100gm)
Food B

Minimum Daily
Requirement

Calcium
Protein
Calories
Price in `

10 units
5 units
6 units
0.60

4 units
5 units
6 units
1.00

20 units
20 units
12 units

Solution: let x1: quantity of food A
x2: quantity of food B

The objective function
Minimize z = 0.6x1 + 1.x2

The constraints relate to minimum intake of calcium, proteins and calories. Therefore
greater than or equal to Type.
For calcium 10x1 + 4x2 ≥ 20
For protein 5x1 + 5x2 ≥ 20
For calories 2x1 + 6x2 ≥ 12
x1, x2 ≥ 0

Example 3: A factory manufactures two products P and Q. To manufacture one unit of P, 3 machine
hours and 4 labour hours are required. To manufacture one unit of Q, 5 machine hours
and 3 labour hours are required. Profit per unit for P and Q is ` 10 & ` 8 respectively.
Availability of machine hours and labor hours (per week) is 160 and 140 respectively.
Formulate as LPP.

Solution: let x1 = no. of units of P produced per week
x2 = no. of units of Q produced per week

Objective function z = 10x1 + 8x2

Maximize z = 10x1 + 8x2

Subject to,
3x1 + 5x2 ≤ 160
4x1 + 3x2 ≤ 140
x1, x2 ≥ 0

Example 4: Three products are processed through three different departments. The time in minutes
required per unit of each product, the daily capacity of each department (in minutes per
day) and the net profit per unit sold of each product in ` is as follows.

Department Time per unit (minutes) Capacity (minutes
per day)Product A Product B Product C

I
II
III
Profit per unit (in `)

1
3
1

13

2
6
4

12

1
2
8

15

1000
2000
1500

It is assumed that all units produced are sold. The goal of the model is to determine optimum level of
daily production for the three products that maximizes total that profit. Formulate the problem as LPP.
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Solution: Suppose x1 = No. of units of product A
x2 = No. of units of product B
x3 = No. of units of product C

Now objective function
Maximum profit z = 13x1 + 12x2 + 15x3

The production level is restricted by the available operation capacity in each department.
So that

1x1 + 2x2 + 1x3 ≤ 1000
Similarly department 2,

3x1 + 6x2 + 3x3 ≤ 2000
And department 3,

x1 + 4x2 + 8x3 ≤ 1500
x1, x2, x3 ≥ 0

Now LPP in mathematics model.
Max z = 3x1 + 2x2 + 5x3

Subject to,
1x1 + 2x2 + 1x3 ≤ 1000
3x1 + 6x2 + 3x3 ≤ 2000
1x1 + 4x2 + 8x3 ≤ 1500
x1, x2, x3 ≥ 0

GRAPHICAL METHOD
Step 1:

Plot the constraints: To plot the constraints treat it as equal as it represents a straight line.
Because all constraints greater are equal to zero then the graph will be in the first quadrant.

Step 2:
Identify the feasible region: The feasible region is region in which all the constrains are satisfied.

In other words, it is a common portion of all region represented by all constraints of the problem.

Step 3:
Locate the solution point: The feasible region contain an infinite number of points in this step,

search those points which will make objective function optimum. Note that such points will be only
from corner points of the solution space.

Step 4:
We can select any one method:

(a) Iso-profit or Iso-cost method:
Choose convenient profit or cost and draw as iso-profit or cost line so that it falls with in shaded

region. Move this iso-profit or cost line parallel to itself further closer from to the region. Identify the
optimum solution as the coordinate of that point on the feasible region touched by highest possible
iso-profit line.
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The optimum solution point is determined by solving two simultaneous equation of constraints
the intersect at the optimal point. These value of x1 & x2 (at the optimal points) are subtitled in the
objective function equation to determine optimal value of.

(b) Corner point solution method:
Identify each of the corner or extreme points of the feasible regions either directly from the graph

or by method of simultaneous equation. Evaluate the objective function at each of the corner point of
the feasible region. Identify the optimum solution which corresponds to that corner point which gives
the optimum value of the objective function.
Example 5: Solve LPP using graphical method.

Maximize z = 600x1 + 500x2

Subject to,
4x1 + 10x2 ≤ 100
2x1 + x2 ≤ 22
3x1 + 3x2 ≤ 39
x1, x2 > 0

Solution: Consider the equation,
1. 4x1 + 10x2 = 100 ... (1)

x1 0 25
x2 10 0

(x1, x2) (0,10) (25,0)

Points are (0,10) & (25,0)
2. 2x1 + x2 = 22 ... (2)

Points are (0,22) & (11,0)
3. Consider, 3x1 + 3x2 = 39 ...(3)

Points are (0,13) & (13,0)

x1 0 11
x2 22 0

(x1, x2) (0,22) (11,0)

x1 0 13
x2 13 0

(x1, x2) (0,13) (13,0)
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The corner point of
feasible zone are A, G, H,
D and origin.

A ≡ (0,10), G ≡ (5,8),
H ≡ (9,4), D ≡ (11,0)

For G point coordi-
nates can be determined by
solving the equation (1)
and (3) simultaneously.

x1 = 5, x2 = 8

For H point coordi-
nates can be determined by
solving the equation (2)
and (3) simultaneously.

x1 = 9, x2 = 4

To find the optimum
Solution:

Corner points Max z = 600x1 + 500x2

A ≡ (0,10)
B ≡ (5,8)
C ≡ (9,4)
D ≡ (11,10)

600 × 0 + 500 × 10 = 5000
600× 5 + 500 × 8 = 7000
600 × 9 + 500 × 4 = 7400
600 × 11 + 500 × 0 = 6600

Hence we find that z has maximum value of ` 7,400 at corner point H, i.e., H ≡ (9,4)

Maximum profit = ` 7,400

Example 6: Solve graphically LPP. z =10x1 + 15x2

Subject to,
4x1 + 2x2 ≤ 52
x1 + 2x2 ≤ 28
x1 × x2 ≥ – 5
x1, x2 ≥ 0

Solution: Consider 4x1 + 2x2 = 52 ...(1)

i.e., points are (0,26) and (13,0).
Consider x1 + 2x2 = 28 ... (2)

x1 0 13
x2 26 0

(x1, x2) (0,26) (13,0)

Scale: 1 cm = 4 units on x1 and x2 axis

(0,22)

(0,13)

(0,10)

Feasible Region

H (9,4)

(13,0) (25,0)

X2

32

28

24

20

16

12

8

4

0

A

(11,0)

4 8 D 12 16 20 24 28 32
X1

G (5,8)
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i.e., points are (0,14) and (28,0).
Consider x1 – x2 ≥ 5 ... (3)
Please note that the line representing the constraints x1 – x2 ≥ –5 lies in the second quadrant.
Since we do not consider negative values of decision variable. We extend the line to the first
quadrant to obtain the area of feasible solution.
Consider x1 – x2 = – 5

Scale

1 cm = 4 units on X1 & X2 axis(0,26)

(0,14)

-12

A(0,5)

X2

C(8,10)

B(6,11)
Feasible Region

(-5,0) (13,0)
(28,0)

X1

32

28

24

20

16

12

8

4

36

-8 -4 0 4 8 12 16 20 24 28 32

To find the optimum solution:

Corner point Max z = 10x1 + 15x2

A ≡ (0,5)
B ≡ (6,11)
C ≡ (8,10)
D ≡ (13,0)

z = 10 × 0 + 15 × 5 = 75
z = 10 × 6 + 15 × 11 = 225
z = 10 × 8 + 15 × 10 = 230
z = 10 × 13 + 15 × 0 = 130

Thus z is maximum value at C ≡ (8,10) i.e., 230.

x1 0 28
x2 14 0

(x1, x2) (0,14) (28,0)

x1 0 –5
x2 5 0

(x1, x2) (0,5) (-5,0)
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Example 7: Solve graphically LPP.
Minimize z = 8x1 + 12x2

Subject to,
5x1 + 2x2 ≥ 20
4x1 + 3x2 ≥ 24
x1 ≥ 2, x1, x2 ≥ 0

Solution: Consider 5x1 + 2x2 = 20 ...(1)

i.e., points are (0,10) and (4,0)
Consider 4x1 + 3x2 = 24 ...(2)

i.e., points are (0,8) and (6,0)
Consider x2 = 2 → x1 = 0
i.e., points is (0,2)

Scale 1 cm = 1 unit on both axisX2

X1
0

A(0,10)

B

C(4.5,2)

(0,8)

(0,2)

(4,0)

(6,0)

4 65 7 108 91 2 3

1

2

8

7

6

5

4

3

10

9

x1 0 4
x2 10 0

(x1, x2) (0,10) (4,0)

x1 0 6
x2 8 0

(x1, x2) (0,8) (6,0)
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To find optimum solution:
Corner point Minimize z = 8x1 + 12x2

A ≡ (0, 10)
B ≡ (2.5, 5.9)
C ≡ (4.5, 2)

z = 8 × 0 + 12 × 10 = 120
z = 8 × 2.1 + 12 × 5.9 = 87.6
z = 8 × 4.5 + 12 × 2 = 60

Thus z = 60 has minimum value at point C ≡ (4.5, 2).
Example 8: Solve graphically LPP.

Maximize z = 10x1 + 20x2 ≥ 6
Subject to,

x1 + 3x2 ≥ 6
x1 + x2 ≥ 6
x1 – x2 ≤ 2,
3x2 – x1 ≤ 10
x1, x2 ≥ 0

Solution: Consider x1 + 3x2 = 6 ...(1)

i.e., points are (0,2) and (6,0)
Consider x1 + x2 = 6 ...(2)

i.e., points are (0,6) and (6,0)
Consider x2 – x1 = 2 ... (3)

i.e., point is (0,-2) and (2,0)
3x2 – x1 = 10

Points are (0,3.33) and (–10,0)

x1 0 6

x2 2 0

(x1, x2) (0,2) (6,0)

x1 0 6
x2 6 0

(x1, x2) (0,6) (6,0)

x1 0 2
x2 -2 0

(x1, x2) (0,-2) (2,0)

x1 0 -10
x2 3.33 0

(x1, x2) (0,3.33) (-10,0)
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Feasible Region

C (2,4)

(0,3.33)

(0,2)
D(4,2)

(3,1)

4

1

2

3

8

7

6

5

-1-10 -9 -8 -2-3-4-5-6-7 0 1 102 3 4 5 6 7 8 9

-1

-2 (0,-2)

(2,0) (6,10)

Scale: 1 cm = 1 Unit on
X-axis and Y-axis

Y

X

To find the optimum solution:

Hence maximum value is 100 at point C ≡ (2, 4).

Example 9: A manufacturer produces two different models X and Y of the same product. Model X
makes a contribution of ` 50 per unit and Y model `.30 per unit towards total profit. Raw
material R1 and R2 required for production. At least 80Kg for R1 and at least 12 kg of R2

must be used daily. Also at most 34 labor hours are to utilized. A quantity of 2 kg of R1

is required for X and 1 kg of R1 is required for Y. For each of X and Y, 1kg of R2 is
required. It takes 3 labor hours to manufacture X and 2 labor hours to manufacture Y.
How many unit of each model should be produced to maximize the profit? Formulate the
LPP and solve graphically. (MU April 2007)

Solution: let
x1 : No. of units of model X
x2 : No. of units of model Y
Max z = 50x1 + 30x2

Subject to constraints raw material R1.
2x1 + 1x2 ≥ 18

Corner point Maximize z = 10x1 + 20x2

A ≡ (0,2)
B ≡ (0,3.33)
C ≡ (2,4)
D ≡ (4,2)
E ≡ (3,1)

z = 10 × 0 + 20 × 2 = 40
z = 10 × 0 + 20 × 3.33 = 66.66
z = 10 × 2 + 20 × 4 = 100
z = 10 × 4 + 20 × 2 = 80
z = 10 × 3 + 20 × 1 = 50
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Subject to constraints raw material R2.
1x1 + 1x2 ≥ 12
Labor hours to manufacture X and Y
3x1 + 2x2 ≤ 34
x1, x2 ≥ 0
Now consider 2x1 + 1x2 = 18 ... (1)
Coordinates are (9,0) and (0,18).
Consider x1 + x2 = 12 ... (2)
Coordinates are (0,12) and (12,0).
Consider 3x = + 2x2 = 34
Coordinates are (0,17) and (11.3,0).

Feasible

X2

X1

(0,17)

(0,12)

A

B

C

(11.3,0)

(12,0)
(9,0)

(0,18)

12

0
0 1614122 4 6 8 10

10

8

6

4

2

14

18

16

Corner point Max z = 50x1 + 30x2

A ≡ (2,14)
B ≡ (6,6)
C ≡ (10,2)

z = 50 × 2 + 30 × 14 = 520
z = 50 × 6 + 30 × 6 = 480
z = 50 × 10 + 30 × 2 = 560

Hence Max profit ` 560 at point C ≡ (10,2).
[Note: For A ≡ (2,14)
2x1 + x2 = 18 ...(1)
3x1 + 2x2 = 34 ...(3)

Simplify simultaneously x1 = 2, x2 = 14
For B ≡ (6,6)
x1 + x2 = 12 ...(2)
2x1 + x2 = 18 ...(1)
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Simplify simultaneously x1 = 6, x2 = 6
For C ≡ (10,2)
x1 + x2 = 12 ...(2)
3x1 + 2x2 = 34 ...(3)

Simplify simultaneously x1 = 10, x2 = 2
Example 10: ABC Ltd. manufacturer tables and chairs. They have just acquired a new workshop that

can operate 48 Hours a week. Production of a table will required 2 hours and chair will
required 3 hours of production time. Each table will contribute ` 40 to profit and a chair
contributes ` 80. The marketing department has determined that maximum of 15 tables
and 10 chairs can be sold every week. Formulate a LP model and determine the
optimum product mix of tables and chairs that will maximize profit for the company by
using graphical method. (MU April 2010)

Solution: let x1 = No. of units of tables
x2 = No. of units of chairs

Profit max Z = 40x1 + 80x2

Now for workship,
2x1 + 3x2 ≤ 48
x1 ≤ 15
x2 ≤ 10
x1,x2 > 0 (non-negative)
Now consider 2x1 + 3x2 = 48 ...(1)
Points are (0,16) and (24,0).
Consider x1 = 15 then x2 = 0 ...(2)
Point is (15,0).
Consider x2 = 10 then x1 = 0 ...(3)
Point is (0,10).

Feasible Region

X1

X2

B

C

A

(0,16)

(24,0)

36

32

28

24

20

16

12

8

4

24D16 2040 8 12 3228
(15,0)
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Corner point Max z = 40x1 + 80x2

O ≡ (0,0)
A ≡ (0,10)
B ≡ (9,10)
C ≡ (15,6)
D ≡ (15,0)

z = 40 × 0 + 80 × 0 = 0
z = 40 × 0 + 80 × 10 = 800
z = 40 × 9 + 80 × 10 = 1160
z = 40 × 15 + 80 × 6 = 1080
z = 40 × 15 + 80 × 0 = 600

Optimal profit = z = 1160 i.e., (9,10) at B.

SPECIAL CASES IN LINEAR PROGRAMMING
Four special cases or difficulties that may arise sometimes when using the graphical approach to

sole LP problems are:
1. Infeasibility
2. Unboundedness
3. Redundancy
4. Alternative optimum solutions.
1. Infeasibility: Infeasibility is a condition that arises when we cannot obtain a solution to a LP

problem that satisfies all the constraints. It means, in the graphical method, no feasible
region exists. An example of Infeasibility is shown below:
Which are represent graphically as shown below:
(i) 2x1 + 4x2 ≤ 12, (ii) 4x1 + 2x2 ≤ 16, (iii) x1 ≥ 8 which are represent graphically as shown

below:

Region
satisfying
third

constraints

87654321

1

2

3

4

5

6

7

8

0

4x1 + 2x2 = 16

2x1 + 4x2 = 12

x1 = 8

Region satisfying first two constraints

2. UNBOUNDEDNESS: Unboundedness occurs sometimes when a linear program problem
will not have a finite solution. For example, in a maximization problem, one or more
solution variables and the profit can be increased infinitely without violating any Constraints.
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In such cases, the feasible region is open-ended. For example, let us consider a problem to
illustrate the situation.

Objective function:
Maximize profit Z = 6x1 + 10x2

Subject to constraints
x1 ≥ 5, x2 ≤ 10
2x1 + 4x2 = 20
x1, x2 ≥ 0

The graphical representation of constraints equation is
shown:

Because this is a maximization problem and the
feasible region extends infinitely to the right, there exists
unboundedness or an unbounded solution.

3. REDUNDANCY: In many situation, redundant
constraints may be present in large LP formations.
In solving LP problem graphically, redundancy
may not cause major difficulties but we should be
able to identify its occurrence. A redundant
constraint is one which does not affect the feasible solution region. Hence, redundant
constraint need not be considered.

(redundant constraint)

30

25

20

15

10

5

0 5 10 15 20 25 30

Feasible Region

x1 = 25

2x1 + x2 = 40

2x1 + x2 = 30

An example of an LP problem having redundant constraint is given below:
Z = 2x1 + 4x2

Subject to (i) 2x1 + 2x2 = 40, (ii) 2x1 + x2 = 30 (iii) x1 < 25 x1, x2 > 0
The graphical solution is shown below:
The third constraint x1 = 25 has no effect on the feasible region formed by the first two

constraints which are more restrictive. Hence, x1 = 25 is a redundant constraint and such a situation is
referred to as redundancy.

Feasible region

x1 = 5

25

20

15

10

0
2015105

x2 = 10

2x1 + 4x2 = 20
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4. ALTERNATIVE OPTIMAL SOLUTION: A LP problem may have two or more
alternative optimal solution. In the graphical approach, this situation occurs when the
objective function’s iso-profit or iso-cost line runs parallel to one of the problem’s
constraints.

An example is given below:
Objective function is maximum profit Z = 6x1 + 4x2

Subject to,
3x1 + 2x2 < 12,
x1 < 3, x1, x2 > 0

The constraints are represented graphically as shown below:

x1 = 3

Constraint equation

Optimal solution consist of all
combinations of X1 & X2 along
the AB segment

Iso-profit line for Z = 24

Iso-profit line for Z = 16

Feasible
region

0

7

6

1

2

3

4

5

981 3 4 5 6 72

X2

X1

3x1 + 2x2 = 12

We can observe that the first iso-profit line for Z = 16 runs parallel to the first constraint equation.
At Z = 24, the iso-profit line will rest directly on top of the segment of the first constraint line. This
means, any point along this line AB provides a combination of and which is optimal. This gives
flexibility to the decision maker to select the desired combination of x1 and x2 for optimal solution.

EXERCISES
1. What is Linear Programming? Discuss the scope and the role of linear programming in solving

management problems.
2. Give the mathematical formulation of the linear programming problems.
3. (a) What are the components of an LPP? What is the significance of non negativity

restriction?
(b) What are the assumptions in LPP?
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4. Describe a general linear programming problem. It is always necessary to say that the constraints
should be of ‘less than or equal to’ type of the maximization problems and ‘more than equal to’
type for the minimization problems?

5. Explain the implications of the following assumptions in a linear programming problem.
(a) Linearity of objective function and constraints.
(b) Continuous variable.
(c) Non negativity.

6. What steps are required in solving LPPs by graphical method? Explain briefly.
7. What is a feasible region? Is it necessary that it should always be a convex set? Why?
8. Define iso-profit line. How does it help to obtain solution to the linear programming problems?
9. (a) Describe briefly the steps involved in formulation of LPP.

(b) What is the difference between: (i) Feasible Solution.
(ii) Basic Feasible solution

(iii) Optimal solution of a LPP.
10. Explain the meaning of degeneracy and infeasibility in a LPP?
11. Write notes on:

(a) Unboundedness.
(b) Degeneracy.
(c) Limitations of graphical solutions.
(d) Assumptions in a LPP.

12. A firm manufactures two types of products A and B and sells them at a profit of ` 2 on type A
and ` 3 on type B. Each product processed on two machines G and H; type B requires one minute
on G and one minute on H. The machine G is available for not more than 6 hours 40 minutes
while machine H is available for 10 hours, during any working day. Formulate the problem as an
LPP.

13. A furniture workshop makes chair and tables. The cost of manufacturing is divided into two types.
One is cost of the material and the other is the cost of labor required. The cost of the material for
one chair is ` 200 while that of one table is ` 350. The cost of labor for a chair is ` 100 and for a
table ` 150. Due to scarcity of space there are limitations on amount to be spent on material and
labor. Total daily cost on material cannot exceed ` 5,000 and that on labor cannot exceed ` 1,500.
The profit on the chair is ` 60 and on one table, the profit is ` 100. How many chairs and tables
should be produced per day so as to maximize the total profit? Formulate the problem as LPP.

14. Two different kinds of food A and B are being considered to form a weekly diet. The minimum
weekly requirements of fats, carbohydrates and proteins are 18, 24 and 16units respectively. One
kg. of food A has 4,16 and 8 units respectively of these ingredients. One kg. of food B has 12,4
and 6 units respectively. The prices of food A is ` 4 per kg. and that of food B os ` 3 per kg.
Formulate the problem as LPP to minimum the cost.

15. A chemist has a compound to be made using three basic elements A, B and C so that it has at
least 10 liters of A,12 liters of B and 20 liters of C. He makes these compound by mixing two
compounds M and N. Each unit of compound N has 1 liter of A, 2 liters of B and 4 liters of C.
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The unit costs of compounds M and N as ` 400 and ` 600 respectively. Formulate the problem as
LPP to minimize the cost.

16. Old hens can be bought at ` 25 each and young ones at ` 50 each. The old hens lays 3 eggs per
week and the young ones lays 5 eggs per week; each egg being worth ` 1 A hen costs ` 2 per
week to feed. If only ` 1,000 is available to spent on purchasing the hens, how many of each kind
should be bought to maximize the profit if it is not possible to house more than 20 hens?
Formulate the above as LPP.

17. A factory uses three different resources for the manufacture of two different products. 20 units of
resources A, 12 units of Resources B and 16 units of C available. One unit of first product
requires 2,2,4 units of respective resources and one unit of second product requires 4,2,0 units of
respective resources. It is known that the 1st product gives a profit of 2 monetary units per unit
and the second 3. Formulate the LPP.

18. A company produces two types of leather belts, type A and type B, A is superior quality and B is
of inferior quality. Profit on A is ` 4 and on B is ` 3 per belt. Each belt of type A requires twice
the time than that of type B and if all belts were of type B company can produces 1000 belts per
day. Both belts require the same quantity of leather and the leather supply is sufficient only for
800 belts per day. Belt A requires a fancy buckle of which only 400 buckles per day are available.
Belt B requires an ordinary buckle of which only 700 are available per day. Formulate above LPP.

19. A person buys only two types of food items to meet his daily requirements of calcium, protein
and vitamin B, which are 35,25 and 12 units respectively. The calcium, protein and vitamin B
contents per 100 gms of food item 1, is 8,10 and 2 units respectively while that of item 2 is 6,5
and 4 units respectively. The prices of two food item are ` 35 per kg. of food item 1 and ` 40 per
kg. of food item 2. What combination of the two food items the person should buy so as to meet
his daily requirements of calcium, protein and vitamin B so that his expenditure on food is
minimum?

20. Company produces two types of presentation goods A and B that requires gold and silver. Each
unit of type A requires 3 gms of silver and 1 gm of gold while that of B requires 2 gms of silver
and 2 gms of gold. The company can produce 12 gms of silver and 8 gms of gold. If each unit of
type A brings a profit of ` 35 and that of type B ` 50. Formulate ths problem as a LP to get the
maximum profit.

21. A diet for a sick person must contain at least 4000 units of vitamins, 50 units of minerals and
1400 calories. Two foods f1 and f2 are available at cost of ` 4 and ` 8 per unit respectively. If
one unit of food f1 contains 200 units of vitamins, 2 units of minerals and 40 calories and one
unit of food f2 contains 1000 units of vitamins, 2 units of minerals and 40 calories. Formulate
this problem as a LPP to minimize the cost.

22. A company has three operational departments (weaving, processing and packing) with capacity
to produce three different types of clothes namely suiting shirting and woolens yielding a profit
of ` 2, ` 4 and ` 3 per metre respectively. One metre suiting requires 3 minutes in weaving, 2
minutes in processing and 1 minute in packing. One metre shirting requires 4 minutes in weaving,
1 minutes in processing and 3 minute in packing while one metre woolen 3 minutes in each
department. In a week, total run time of each department is 60, 40 and 80 hours of weaving,
processing and packing departments respectively. Formulate a LPP to find the product mix to
maximize profit.

Ans: Maximize Profit Z = 2A + 4B + 3C subject to 3A + 4B + 3C ≤ 3600; 2A + B + 3C ≤ 2400;
A + 3BV + 3C ≤ 4800; A, B, CC0
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23. The owner of fancy goods shop is interested to determine, how many advertisements to release in
the selected three magazines A, B and C. His main purpose is to advertise in such a way that total
exposure to principal magazine is the number of advertisements released multiplied by the
number of principal buyers . The following data are available:

Particulars Magazine A Magazine B Magazine C
Readers
Principal buyers
Cost per advertisement

1.0 lakh
20%
8,000

0.6 lakh
15%
6,000

0.4 lakh
8%

5,000

The budgeted amount is at the most ` 1 Lakh for the advertisements. The owner has already
decided that magazine A should have no more than 15 advertisements and that B and C each gets
at least 8 advertisements. Formulate LP model for this problem.

Ans: Maximize Rent Z = 20000A + 9000B + 3200C subject to 8000A + 6000B + 5000C ≤ 100000;
A ≤ 15; B ≥ 8;C ≥ 8; A ≥ 0.

24. For company engaged in the manufacture of three products X, Y and Z, the available information
is given below:

Particulars X Y Z
Minimum sales requirement p.m

Profit per unit
Time required in
Operation 1(hours per unit)
Operation 2(hours per unit)
Operation 3(hours per unit)

10 units
` 10

1
2
3

20 units
` 15

2
1
1

30 units
` 8

2
1
2

Available hours p.m
220
220
180

Formulate as a LPP to maximize profit.
Ans: Maximize Profit z = 10X + 15Y + 8Z s.t. X + 2Y + 2Z ≤ 200; 2X + Y+ Z ≤ 180; X ≥ 10; Y ≥ 20;

Z ≥ 30.

25. Mr. ‘U’ is a production manager of ‘Sai and Associates’ Production Company, which has a daily
budget of 320 hours of labor and 350 units of raw material to manufacture two products. If
necessary the company can employ up to 10 hrs. daily of overtime labor hours at the additional
cost of ` 2 per hour, it takes one labor hour and 3 units of raw material to produce one unit of
product B. The profit per unit of product A is ` 10 and that of product B is ` 12. Formulate as a
LPP to maximize profit.

26. Shade the region represented by the following inequalities.

(i) x ≤ 3 (ii) x ≥ 2 (iii) y ≤ 1

(iv) y (iv) 3x + 4y ≤ 12 (v) 2x + 3y ≥ 12.

27. Maximize Z = x + 2y

Subject to: 6x + 4y ≤ 120; 3x + 10Y ≤ 180; x ≥ 0; Y ≥ 0. Solve graphically. (x = 10; Y = 15; Z = 40)

28. Maximize Z = 30x + 20y

Subject to: x + y ≤ 8, 6x + 4y ≥ 12; 5x + 4y ≥ 20; X ≥ 0, Y ≥ 0. Solve graphically.

(x = 8; y = 0; z = 240)
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29. Minimize Z = 10x + 20y

Subject to: 2x + y ≤ 40, x + 3y ≥ 30, 3x + 4y ≥ 60, x & y ≥ 0. Solve graphically.

(x = 12, Y = 6, Z = 240)

30. Minimize Z = 30x + 20y

Subject to: x + y ≤ 8, x + 2y ≥ 4, 6x + 4y ≥ 12, X ≥ 0, Y ≥ 0. Solve graphically.

(z = 60; infinite BC)

31. Minimize Z = 5x + 2y

Subject to: 10x + 2y ≥ 20, 5x + 5y ≥ 30, x ≥ 0, y ≥ 0. Solve graphically.

(X = 1, Y = 5, Z = 15)

32. A sport club is engaged in the development of their players by feeding them certain minimum
amounts of Vitamins (say A, B & C) in addition to their normal diet. In view of this, two types of
products X and Y are purchased from the market. The contents of Vitamin constituents per unit,
are given below:

Vitamin constituents Vitamin contents in product Minimum requirement for
eachX Y

A
B
C

36
03
20

06
12
10

108
36

100
The cost of product x is ` 20 and that of y is ` 40. Formulate the LPP for the above and minimize
the total cost. Solve the problem by using graphical method.
(Ans: x = 4, y = 2, z = 160)

33. The budgeted data relating to two products manufactured by a Company for a month are:

Particulars Product A (`) Product B (`)
Selling prize
Variable manufacturing costs
Sales commission

300
160

60

200
60
40

SIMPLEX METHOD
Why Simplex Method

The simplex method is an algebraic procedure that starts at a feasible extreme point of simplex,
normally the origin and systematically moves from one feasible extreme point to another unit an
optimum. Extreme point is located at each iteration. The procedure test one extreme point for
optimally and if not optimum chooses another extreme point of the convex set that is formed by the
constraints and non-negativity conditions of the LPP.

SIMPLEX METHOD TO SOLVE LPP
Graphical method is used when the number of variables are two or less. But when the decision

variables are more than two we use an algebraic method known as “Simplex Method”. Simplex
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method uses a simplex algorithm which is an iterative method for finding the optimal solution to a
LPP. The algorithm is very efficient as it can handle any number of variables.

The real life problems of LPP can be solved by the software like “Taura” etc.

TERMINOLOGIES OF SIMPLEX METHOD
1. Algorithm: A formalized systematic procedure for solving problems
2. Simplex Method: An algorithm for solving LPP which starts with zero solution (i.e., zero

value of decision variables), evaluates solution, effects changes to improve value of the
objective function and continues doing so until an optimal solution is obtained. (Applicable
when decision variables are more than 2).

3. Simple Tableau: A table used to keep track of the calculations made at each iteration of the
simplex procedure and to provide basis for tableau revision.

4. Basis: The set of basic variables which are not restricted to equal zero in the current basic
solution and are listed in the solution column. The variables with non-zero positive values
which make-up the basis are called basic variables and the remaining variables are called
non-basic variables.

5. Iteration: A sequence of step performed in moving from one basic feasible solution to
another basic feasible solution.

6. Cj Row: A row in the simplex tableau which contains the coefficients of the variables in the
objective function (j subscript refers to the column number in the simplex tableau). The
coefficient in this row indicates the contribution per unit to the objective function of each of
the variables.

7. Zj Row: A row in the simplex tableau whose elements represent the decrease in the value of
the objective function (i.e., contribution loss per unit), if one unit of jth variable is brought
into the solution.

8. ∆j = Cj – Zj row or Index Row or Net Evaluation Row (NER): A row in the simplex
tableau whose elements represents net per unit contribution of the jth variable in the objective
function. If the variable is brought into the new basic solution. Positive ∆j indicates gain and
negative value indicates loss in the total value Z obtained of the objective function.

9. Key Column: The column with the largest positive index number (i.e., number in the Cj – Zj

row) and it indicates which variable will enter the solution next.
10. Key Row: The row with the smallest of the replacement ratios of the constraint rows. The

replacement ratios are obtained by dividing elements in the solution column (quantity
column) by the corresponding elements in the key column. The key row indicates the
variable that will leave the basis in order to make room for entering variable (as indicated by
the key column).

11. Key Element: The element at the intersection of key rows and key column.
12. Slack Variable: A variable used to convert a less than or equal to restriction (≤) into

equality is known as slack variable. It is added to the left hand side of the constraint.
13. Surplus Variable: A variable used to convert a more than or equal to restriction (≥) into

equality is known as surplus variable. It is subtracted from the left hand side of the constraint.
14. Artificial Variable: It is a variable added to greater than equal to type (≥) constraint. This is

in addition to surplus variables used. These variables are used to obtain initial feasible
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solution in simplex method. These variables are reduced to zero at optimality [sometimes
also added when problems have equality restriction]. Artificial variables have no practical
significance and helps to get initial solution in simplex method.

SIMPLEX METHOD

Simple Algorithm for Maximization Type of LPP
1. Convert the LPP in the standard form as follows: Convert inequalities into equations by

adding slack variables on LHS of inequations, these slack will be there in objective function
with zero coefficient and also these variables will be non-negative.

2. To convert initial table post the following entries
(a) List all variables used in problem.
(b) Post Cj values which corresponds to coefficients of variables from objective function

also post coefficients of variables from each equations.
(c) bi value corresponds to right hand side costant.
(d) Xi denotes variables which corresponds to identity matric









10
01 or

















100
010
001

(generally they are slack variables)

(e) Ci represents coefficients of Xi column from objective function.
3. Calculate Zj as follows:

Zj = sum (Ci × element from respective column)
4. Calculate: ∆j = Cj – Zj

5. If ∆j ≤ 0 and go to step 13.
6. If any one of the ∆j > 0 go to step 7.
7. Select most positive ∆j value, this column is called as key column (KC) and the variable in

the key column is called as entering variable (EV).
8. Calculate replacement ratio (or minimum ratio) θ as θ = bi/element from key column

(consider only positive ratios)
9. Select least positive ratio which corresponds to key row (KR) and the variable in the key row

is called as departing variable (DV)
10. The variable which is common to key row and key column is called as key element (KE) or

pivot element.
11. To construct new table proceed as follows:

Divide the Key Row by Key Element (this row is revised row)
Find other rows as follows
New Row = corresponding Old Row – (element from key column + revised row element or
fixed revised element)

12. Go to step 3
13. Solution is optimum
14. Stop
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Example 1: Food x1 contains 20 units of vitamins A and 40 units of vitamin B per gram, Food x2

contains 30 units each of vitamins A and B per gram. The minimum daily requirements
for an individual are 900 units of A and 1200 units of B. How many grams of each
should be consumed to satisfy the daily vitamin requirements at a minimum cost. If x1

costs 60 paise per gram x2 costs 80 paise per gram [use simplex method].
Solution: Write the data as LPP as follows:

Minimize Z = 60x1 + 80x2

Subject to,
20x1 + 30x2 ≥ 900
40x1 + 30x2 ≥ 1200
x1, x2 ≥ 0

Introduce surplus and artificial variables and write the given problem in standard form as follows:
Minimize Z = 60x1 + 80x2 + 0S1 + 0S2 + MA1 + MA2

Subject to,
20x1 + 30x2 – S1 + 0S2 + A1 + 0A2 = 900
40x1 + 30x2 + 0S1 – S2 + 0A1 + A2 = 1200
x1, x2, S1, S2, A1, A2 ≥ 0

Table 2.1
Basis Solution Cj 60 80 0 0 M M Replacement

Ratio (θ)Ci Xi Bi x1 x2 S1 S2 A1 A2

M A1 900 20 30 –1 0 1 0 45
M A2 1200 40↑ 30 0 –1 0 1 30→

60–60M 80–60M

Since ∆1 & ∆2 are < 0 for x1 and x2 the solution non-optimal. x1 enters and A2 leaves the basis.

Table 2.2
Basis Solution Cj 60 80 0 0 M M Replacement

Ratio(θ)Ci Xi Bi x1 x2 S1 S2 A1 A2

M A1 300 0 15 –1 0 1 0 20→
60 x1 30 1 ¾↑ 0 –1/40 0 1/40 40

∆j 0 35–15M M
2

M–  3 0
2

3–  M

The solution is non-optical x2 enters and A1 leaves the basis.
Basis Solution Cj 60 80 0 0 M M Replacement

Ratio (θ)Ci Xi Bi x1 x2 S1 S2 A1 A2

80 x1 20 0 1
5
–1

30
1

15
1

30
–1

60 x1 15 1 0
20
1

20
–1

20
–1

20
1

∆j 0 0
3
1

3
1

2
7–  M

3
1–  M
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Since all ∆j > the solution is optimal x1 = 15, x2 = 20.
Z = (15 × 60) + (20 × 80) = 900 + 1600 = 2500 paise. Thus 15 grams of x1 and 20 grams of x2

should be purchased at a minimum cost of ` 25.
Example 2: Minimize Z = 40x1 + 24x2 Total cost

Subject to
20x1 + 15x2 ≥ 4800 phosphate requirement
80x1 + 50x2 ≥ 7200 nitrogen requirement
x1, x2 ≥ 0

Solution: Introduce surplus and artificial variables and write the given LPP in standard form.
Minimize Z = 40 x1 + 24 x2 + 0S1 + 0S2 + MA1 + MA2

Subject to
20x1 + 15x2 – S1 + 0S2 + A1 + 0A2 = 4800
80x1 + 50x2 + 0S1 – S2 + 0A1 + A2 = 7200
x1, x2, S1, S2, A1, A2 ≥ 0

Table 2.3
Basis Solution Cj 60 80 0 0 M M Replacement

Ratio (θ)Ci Xi Bi x1 x2 S1 S2 A1 A2

M A1 4800 20 50 –1 0 1 0 96→
M A2 7200 80 50↑ 0 –1 0 1 144

∆j = Cj – Zj 40–100M 24–100M –M –M 0 0

As ∆j ≤ 0 the solution is non-optimal x2 enters and A1 leaves the basis.

Table 2.4

Basis Solution Cj → 40 24 0 0 M M Replacement
Ratio (θ)Ci Xi Bi Xj → x1 x2 S1 S2 A1 A2

24 x1 96
5
2 1

50
–1 0

50
1 0 240

M A2 2400 60↑ 0 1 –1 –1 1 40
∆j

5
152

= – 60 M

0
25
12

– M

M
25
12–  2M

0

The solution is non-optimal. x1 enters and A2 leaves the basis.

Table 2.5
Basis Solution Cj 60 80 0 0 M M Replacement

Ratio (θ)Ci Xi Bi x1 x2 S1 S2 A1 A2

24 x2 240 0 1
75
–2

150
1

75
2

150
–1 –3000

40 x1 40 1 0
60
1

60
–1

75
1

60
1 2400→
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