
Business Statistics
and

Operations Research
Dr. S.P. Gupta  Dr. Dr. Man Mohan• P.K. Gupta  •

6th

Edition

Sultan Chand & Sons



Business Statistics
&

Operations Research
Dr. S.P. Gupta

Formely Head & Dean, Faculty of Management Studies
Unversity of Delhi, Delhi

Formerly Director
Rukmani Devi Institute of Advanced Studies, Rohini, Delhi

Dr. P.K. Gupta
M.A. (Mathematics), M.A. (Operations Research), Ph.D., D.D.E.

Reader in Mathematics (Retd.)
J.V. Jain College, Saharanpur

Formerly Visting Faculty Member, Department Of Mathematics and Statistics,
Cochin University of Science and Technology, Kochi

Dr. Man Mohan
M.Sc. (Mathematical Statistics), Ph.D.

Head, Dept. of Mathematics & Statistics
Ramjas College, University of Delhi, Delhi

Managing Editor: Journal of Statistics & Applications,
Managing Editor: Ganita Bharati, Bulletin of I.S.H.M.

SULTAN CHAND & SONS®
Educational Publishers

New Delhi



SULTAN CHAND & SONS®
23, Daryaganj, New Delhi-110002
Phone:   011-23281876, 23266105, 23277843 (Showroom & Shop)
               011-40234454, 23247051 (Office)
E-mail:   sultanchand74@yahoo.com; info@sultanchandandsons.com
Fax:        011-23266357;       Website: www.sultanchandandsons.com

First Edition : 1996
Fifth Edition : 2011; Reprint : 2013
Sixth Edition : 2022
ISBN: 978-93-91820-35-0 (TC-508)
Price: ` 595.00

EVERY GENUINE COPY OF THIS BOOK HAS A HOLOGRAM
In our endeavour to protect you against counterfeit/fake books, we have pasted a copper hologram over the cover of this book. The hologram 
displays the full visual image, unique 3D multi-level, multi-colour effects of our logo from different angles when tilted or properly illuminated 
under a single light source, such as 3D depth effect, kinetic effect, pearl effect, gradient effect, trailing effect, emboss effect, glitter effect, 
randomly sparking tiny dots, micro text, laser numbering, etc.

A fake hologram does not display all these effects.
Always ask the bookseller to put his stamp on the first page of this book.

All Rights Reserved: No part of this book, including its style and presentation, can be 
reproduced, stored in a retrieval system, or transmitted in any form or by any means—
electronic, mechanical, photocopying, recording or otherwise without the prior written consent 
of the publishers. Exclusive publication, promotion and distribution rights reserved with the 
Publishers.
Warning: An unauthorised act done in relation to a copyright work may result in both civil 
claim for damages and criminal prosecution.
Special Note: Photocopy or Xeroxing of educational books without the written permission 
of publishers is illegal and against Copyright Act. Buying and Selling of pirated books is a 
criminal offence. Publication of a key to this book is strictly prohibited.
General: While every effort has been made to present authentic information and avoid errors, 
the author and the publishers are not responsible for the consequences of any action taken on 
the basis of this book.
Limits of Liability/Disclaimer of Warranty: The publisher and the author make no 
representation or warranties with respect to the accuracy or completeness of the contents of this 
work and specifically disclaim all warranties, including without limitation warranties of fitness 
for a particular purpose. No warranty may be created or extended by sales or promotional 
materials. The advice and strategies contained therein may not be suitable for every situation. 
This work is sold with the understanding that the publisher is not engaged in rendering legal, 
accounting, or other professional services. If professional assistance is required, the services of 
a competent professional person should be sought. Neither the publishers nor the author shall 
be liable for damages arising herefrom.
Disclaimer: The publishers have taken  all care  to ensure  highest standard  of quality as 
regards  typesetting, proofreading, accuracy of textual material, printing and binding. However, 
they accept no responsibility for any loss occasioned as a result of any misprint  or mistake 
found in this publication.
Author’s Acknowledgement : The writing of a Textbook always involves creation of a huge 
debt towards innumerable author’s and publications. We owe our gratitude to all of them. We 
acknowledge our indebtedness in extensive footnotes throughout the book. If, for any reason, 
any acknowledgement has been left out we beg to be excused. We assure to carry out correction 
in the subsequent edition, as and when it is known.

Printed at: Himani Print Solution, Badarpur, New Delhi-110044. 



The book entitled "Business Statistics & Operation Research" is designed primarily for B.Com., B.Com. (H) & 
BBA students of Madras University & other Universities having similar syllabus.

Salient features of the book are:
  The book is written in a very simple and lucid style and is self-explanatory in character.
  The book covers the syllabus of Business Statistics and Operations Research for the students of B.Com. 

and BBA.
  Sufficient number of solved examples and illustrations are given in each chapter to explain various 

techniques of Statistics and Operation Research.
  Unsolved questions are given in the form of exercise followed by their answers for self practice.
  At the end of each chapter, multiple-choice questions followed by review exercise, based on theoretical 

questions are given.

The book is divided into two parts:
Part – I deals with the 'Techniques of Statistics' and Part – II gives the 'Techniques of Operations  
Research'.
Part – I includes chapters like Statistics 'what and why', Sampling Techniques, Measures of Central Tendency, 
Variation, Correlation, Regression, Index Numbers, Time Series, Tests of Hypotheses, Chi-Square test and 
Quality control.
Part – II starts with chapter 1 giving definition, modeling, methodology, applications and scope of Operation 
Research. Chapter 2 introduces the concept of Linear Programming and then familiarize the student with 
the formulation of Linear Programming Models. Method for solving Linear Programming Problems, Duality 
in Linear Programming, Transportation and Assignment Problems that covers comprehensively the syllabus 
is discussed in chapter 2 to chapter 6. Managerial applications are discussed at length. The concept of 
Network in Scheduling problems is introduced in chapter 7, where Scheduling Techniques using PERT/
CPM methods are discussed.
Authors are grateful to Dr. Priyanshu Gupta, Assistant Professor, Indian Institute of Management, Lucknow, 
for his valuable suggestions.
Since the road to improvement is never ending, we shall look forward and gratefully acknowledge any 
suggestions received.
 Dr. S. P. Gupta 
 Dr. P. K. Gupta 
 Dr. Man Mohan

Preface



   BUSINESS STATISTICS   

 1. Introduction ...............................................................................................................................  1.1 – 1.46
 2. Classification And Tabulation  .................................................................................................. 2.1 – 2.26
 3. Diagrammatic And Graphic Presentation .................................................................................. 3.1 – 3.38
 4. Measures of Central Tendency .................................................................................................. 4.1 – 4.66
 5. Measures of Variation ...............................................................................................................   5.1 – 5.48
 6. Skewness, Moments And Kurtosis ............................................................................................ 6.1 – 6.30
 7. Correlation Analysis .................................................................................................................. 7.1 – 7.40
 8. Regression Analysis ................................................................................................................... 8.1 – 8.28
 9. Index Numbers .......................................................................................................................... 9.1 – 9.48
 10. Analysis of Time Series ......................................................................................................... 10.1 – 10.44
 11. Tests of Hypotheses ............................................................................................................... 11.1 – 11.42
 12. Chi-Square Test ..................................................................................................................... 12.1 – 12.18
 13. Analysis of Variance .............................................................................................................. 13.1 – 13.12
 14. Statistical Quality Control ..................................................................................................... 14.1 – 14.26
 15. Appendix .................................................................................................................................  A.1 – A.26

   OPERATIONS RESEARCH   

 1. Operations Research — An Overview ...................................................................................... 1.1 – 1.10
 2. Linear Programming .................................................................................................................. 2.1 – 2.26
 3. Linear Programming Problem — Solution Methods ................................................................. 3.1 – 3.44
 4. Duality in Linear Programming ................................................................................................. 4.1 – 4.14
 5. Transportation Problem ............................................................................................................. 5.1 – 5.44
 6. Assignment Problem ................................................................................................................. 6.1 – 6.42
 7. Network Analysis — PERT/CPM  ............................................................................................ 7.1 – 7.48

Brief Contents



   BUSINESS STATISTICS   
 1. Introduction ................................................................................................... 1.1 – 1.46
 Part-I
  Meaning of Statistics ............................................................................................................................... 1.1
  Origin and Growth of Statistics ............................................................................................................... 1.2
  Origin ................................................................................................................................................. 1.2
  Growth of Statistics ............................................................................................................................ 1.3
  Statistics Defined ..................................................................................................................................... 1.4
  Statistics as Numerical Statements of Facts ....................................................................................... 1.4
  Statistics as a Science ......................................................................................................................... 1.4
  Statistics: Science or Art .......................................................................................................................... 1.5
  Functions of Statistics .............................................................................................................................. 1.5
  Scope of Statistics .................................................................................................................................... 1.7
  Statistics and the State ........................................................................................................................ 1.7
  Statistics and Business ....................................................................................................................... 1.7
  Statistics and Economics .................................................................................................................... 1.8
  Statistics and Physical and Natural Sciences ..................................................................................... 1.8
  Statistics and Research ....................................................................................................................... 1.9
  Statistics and Computers .................................................................................................................... 1.9
  Statistics and Other Uses .................................................................................................................... 1.9
  Limitations of Statistics ......................................................................................................................... 1.10
  Distrust of Statistics ............................................................................................................................... 1.10
  Try Yourself ........................................................................................................................................... 1.11
 Part-II
  Statistical Enquiry .................................................................................................................................. 1.13
  Planning the Enquiry ............................................................................................................................. 1.14
   Specification of the Purpose............................................................................................................. 1.14
  Scope of the Enquiry ........................................................................................................................ 1.14
  The Unit of Data Collection ............................................................................................................. 1.15

Contents



vi  ♣  Contents

  Sources of Data ................................................................................................................................ 1.16
  Techniques of Data Collection ......................................................................................................... 1.16
  The Frame ........................................................................................................................................ 1.16
  Degree of Accuracy Desired ............................................................................................................ 1.16
  Miscellaneous Considerations .......................................................................................................... 1.17
  Executing the Enquiry ........................................................................................................................... 1.17
  Setting up an Administrative Organisation ...................................................................................... 1.18
  Design of Forms ............................................................................................................................... 1.18
  Selection, Training and Supervision of Field Investigators ............................................................. 1.18
  Control Over the Accuracy of the Field Work ................................................................................. 1.18
  Arrangement for Follow-up in case of Non-Response .................................................................... 1.18
  Presentation of Information.............................................................................................................. 1.18
  Statistical Analysis ........................................................................................................................... 1.18
  Preparation of Report ....................................................................................................................... 1.18
  Try Yourself ........................................................................................................................................... 1.19

 Part-III
  Primary and Secondary Data and Sources ............................................................................................. 1.20
  Difference between Primary and Secondary Data ........................................................................... 1.20
  Choice between Primary and Secondary Data ................................................................................. 1.21
  Methods of Collecting Primary Data ..................................................................................................... 1.21
  Direct Personal Interviews ............................................................................................................... 1.21
  Indirect Oral Investigation ............................................................................................................... 1.22
  Information from Correspondents .................................................................................................... 1.22
  Mailed Questionnaire Method.......................................................................................................... 1.23
  Schedules sent through Enumerators ............................................................................................... 1.24
  Drafting the Questionnaire .................................................................................................................... 1.24
  Pre-testing the Questionnaire ................................................................................................................. 1.26
  Specimen Questionnaire ........................................................................................................................ 1.27
  Sources Of Secondary Data ................................................................................................................... 1.29
  Published Sources ............................................................................................................................ 1.29
  Unpublished Sources ........................................................................................................................ 1.29
  Editing the Data ..................................................................................................................................... 1.29
  Editing Primary Data........................................................................................................................ 1.29
  Precautions in the Use of Secondary Data ............................................................................................. 1.30
  Try Yourself ........................................................................................................................................... 1.31

 Part-IV
  Introduction to Sampling ....................................................................................................................... 1.32
  Purpose of Sampling ........................................................................................................................ 1.33
  Principles of Sampling ........................................................................................................................... 1.33
  Principle of Statistical Regularity .................................................................................................... 1.34
  Principle of Inertia of Large Numbers ............................................................................................. 1.34



Contents ♣  vii

  Methods of Sampling ............................................................................................................................. 1.35
  Judgment Sampling .......................................................................................................................... 1.35
  Random Sampling ............................................................................................................................ 1.35
  Stratified Sampling........................................................................................................................... 1.37
  Systematic Sampling ........................................................................................................................ 1.38
  Multi-Stage Sampling ...................................................................................................................... 1.39
  Quota Sampling ................................................................................................................................ 1.39
  Size of the Sample ............................................................................................................................ 1.39
  Sampling and Non-Sampling Errors ...................................................................................................... 1.41
  Sampling Errors ............................................................................................................................... 1.41
  Non-sampling Errors ........................................................................................................................ 1.43
  Try Yourself ........................................................................................................................................... 1.44

 2. Classification and Tabulation .....................................................................  2.1 – 2.26
  Introduction ............................................................................................................................................. 2.1
  Meaning of Classification .................................................................................................................. 2.2
  Objectives of Classification ............................................................................................................... 2.2
  Types of Classification ............................................................................................................................ 2.2
  Geographical Classification ............................................................................................................... 2.2
  Chronological Classification .............................................................................................................. 2.3
  Qualitative Classification ................................................................................................................... 2.3
  Quantitative Classification ................................................................................................................. 2.4
  Formation of a Discrete Frequency Distribution ..................................................................................... 2.4
  Classification according to Class Intervals or Formation of  

  Continuous Frequency Distribution ...................................................................................................2.5
  Principles of Classification ...................................................................................................................... 2.7
  Tabulation .............................................................................................................................................. 2.12
  Difference between Classification and Tabulation ........................................................................... 2.12
  Role of Tabulation ............................................................................................................................ 2.12
   Parts of a Table ................................................................................................................................ 2.13
  General Rules for Tabulation ........................................................................................................... 2.14
  Review of the Table .......................................................................................................................... 2.16
  Types of Tables ................................................................................................................................. 2.16
  Try Yourself ........................................................................................................................................... 2.23

 3. Diagrammatic and Graphic Presentation ..................................................  3.1 – 3.38
  Introduction ............................................................................................................................................. 3.1
  Significance of Diagrams and Graphs ..................................................................................................... 3.1
  Comparison of Tabular and Diagrammatic Presentation ......................................................................... 3.2
  Difference between Diagrams and Graphs .............................................................................................. 3.2
  General Rules for Constructing Diagrams ............................................................................................... 3.3
  Types of Diagrams ................................................................................................................................... 3.3
  One-dimensional or Bar Diagrams ..................................................................................................... 3.3



viii  ♣  Contents

  Two-dimensional Diagrams ............................................................................................................. 3.10
  Three-dimensional Diagrams ........................................................................................................... 3.15
  Pictograms and Cartograms ............................................................................................................. 3.16
  Choice of a Suitable Diagram ................................................................................................................ 3.17
  Graphs .................................................................................................................................................... 3.19
  Technique of Constructing Graphs ................................................................................................... 3.19
  Graphs of Time Series or Line Graphs ............................................................................................. 3.20
  Graphs of One Variable .................................................................................................................... 3.21
  False Base Line ................................................................................................................................ 3.21
  Graphs of Two or More Variables .................................................................................................... 3.22
  Graphs of Frequency Distributions ........................................................................................................ 3.27
  Histogram ......................................................................................................................................... 3.27
  Frequency Polygon........................................................................................................................... 3.30
  Smoothed Frequency Curve ............................................................................................................. 3.30
  Cumulative Frequency Curves or ‘Ogives’ ...................................................................................... 3.32
  Limitations of Diagrams and Graphs ..................................................................................................... 3.35
  Try Yourself ........................................................................................................................................... 3.35

 4. Measures of Central Tendency ...................................................................  4.1 – 4.66
  Meaning ................................................................................................................................................... 4.1
  Objectives of Averaging .......................................................................................................................... 4.1
  Requisites of a Good Average.................................................................................................................. 4.2
  Types of Averages .................................................................................................................................... 4.3
  Arithmetic Mean ...................................................................................................................................... 4.3
  Calculation of Arithmetic Mean ......................................................................................................... 4.3
  Correcting Incorrect Values ................................................................................................................ 4.9
  Calculation of Arithmetic Mean in Case of Open – end Classes ...................................................... 4.10
  Mathematical Properties of the Arithmetic Mean ............................................................................ 4.11
  Merits and Limitations of Arithmetic Mean ..................................................................................... 4.13
  Weighted Arithmetic Mean .............................................................................................................. 4.13
  Median ...................................................................................................................................................4.17
  Calculation of Median ...................................................................................................................... 4.17
  Calculation of Median when Class Intervals are Unequal ............................................................... 4.23
  Mathematical Property of Median ................................................................................................... 4.24
  Merits and Limitations of Median.................................................................................................... 4.24
  Related Positional Measures ............................................................................................................ 4.25
  Computation of Quartiles, Deciles, Percentiles, etc. ........................................................................ 4.25
  Determination of Median, Quartiles, etc., Graphically .................................................................... 4.27
  Mode ...................................................................................................................................................... 4.29
  Calculation of Mode ......................................................................................................................... 4.30
  Mode when Class Intervals are Unequal .......................................................................................... 4.35
  Locating Mode Graphically ............................................................................................................. 4.36
  Merits and Limitations of Mode ...................................................................................................... 4.37
  Relationship among Mean, Median and Mode ................................................................................ 4.38



Contents ♣  ix

  Geometric Mean .................................................................................................................................... 4.39
  Calculation of Geometric Mean ....................................................................................................... 4.39
  Specific Uses of Geometric Mean .................................................................................................... 4.41
  Merits and Limitations of Geometric Mean ..................................................................................... 4.43
  Harmonic Mean ..................................................................................................................................... 4.43
  Calculation of Harmonic Mean ........................................................................................................ 4.44
  Special Uses of Harmonic Mean  ..................................................................................................... 4.46
  Merits and Limitations of Harmonic Mean ...................................................................................... 4.47
  Relationship among the Averages .......................................................................................................... 4.47
  Which Average to Use? ......................................................................................................................... 4.59
  Median.............................................................................................................................................. 4.59
  Mode ................................................................................................................................................ 4.59
  Geometric Mean ............................................................................................................................... 4.59
  Harmonic Mean ................................................................................................................................ 4.59
  Arithmetic Mean  ............................................................................................................................. 4.60
  General Limitations of an Average ........................................................................................................ 4.60
  Try Yourself ........................................................................................................................................... 4.61

 5. Measures of Variation ..................................................................................  5.1 – 5.48
  Introduction ............................................................................................................................................. 5.1
  Objectives of Measuring Variation .......................................................................................................... 5.2
  Properties of a Good Measure of Variation ............................................................................................. 5.3
  Methods of Studying Variation ................................................................................................................ 5.3
  Range.................................................................................................................................................. 5.4
  The Interquartile Range and the Quartile Deviation .......................................................................... 5.5
  The Mean Deviation ........................................................................................................................... 5.9
  The Standard Deviation.................................................................................................................... 5.13
  Relation between Measures of Variation ............................................................................................... 5.22
  Coefficient of Variation .................................................................................................................... 5.23
  Variance ............................................................................................................................................ 5.24
  Merits and Limitations of Standard Deviation ................................................................................. 5.25
  Correcting Incorrect Values of Standard Deviation ......................................................................... 5.25
  Lorenz Curve .................................................................................................................................... 5.26
  Miscellaneous Illustrations .................................................................................................................... 5.28
  Which Measure of Variation to Use? ..................................................................................................... 5.43
  Try Yourself ........................................................................................................................................... 5.43

 6. Skewness, Moments and Kurtosis ..............................................................  6.1 – 6.30
  Introduction ............................................................................................................................................. 6.1
  Skewness Defined .................................................................................................................................... 6.2
  Tests of Skewness .................................................................................................................................... 6.3
  Measures of Skewness ............................................................................................................................. 6.3
  Absolute Measures of Skewness  ....................................................................................................... 6.3
  Relative Measures of Skewness ..............................................................................................................6.4



x  ♣  Contents

  Karl Pearson’s Coefficient of Skewness  ........................................................................................... 6.4
  Bowley’s Coefficient of Skewness ..................................................................................................... 6.5
  Kelly’s Coefficient of Skewness ........................................................................................................ 6.6
  Moments ................................................................................................................................................ 6.21
  Measure of Skewness based on Moments ............................................................................................. 6.23
  Kurtosis .................................................................................................................................................. 6.23
  Measures of Kurtosis ............................................................................................................................. 6.24
  Try Yourself ........................................................................................................................................... 6.26

 7. Correlation Analysis ....................................................................................  7.1 – 7.40
  Meaning ................................................................................................................................................... 7.1
  Utility of the Study of Correlation ........................................................................................................... 7.2
  Correlation and Causation ....................................................................................................................... 7.2
  Types of Correlation ................................................................................................................................ 7.3
  Methods of Studying Correlation ............................................................................................................ 7.5
  Scatter Diagram Method .......................................................................................................................... 7.5
  Merits and Limitations of the Scatter Diagram Method .................................................................... 7.7
  Graphic Method ....................................................................................................................................... 7.7
  Karl Pearson’s Coefficient of Correlation ............................................................................................... 7.8
  When Deviations are taken from an Assumed Mean ....................................................................... 7.12
  Correlation of Grouped Data ............................................................................................................ 7.14
  Assumptions of the Pearsonian Coefficient ..................................................................................... 7.16
  Merits and Limitations of the Pearsonian Coefficient ..................................................................... 7.16
  Interpreting the Coefficient of Correlation....................................................................................... 7.16
  Coefficient of Correlation and Probable Error ................................................................................. 7.17
  Conditions for the use of Probable Error ......................................................................................... 7.17
  Coefficient of Determination ........................................................................................................... 7.18
  Properties of the Coefficient of Correlation ..................................................................................... 7.19
  Rank Correlation Coefficient ................................................................................................................. 7.19
  Where Actual Ranks are Given ........................................................................................................ 7.19
  Where Ranks are not Given ............................................................................................................. 7.22
  Equal Ranks ..................................................................................................................................... 7.22
  Merits and Limitations of the Rank Method .................................................................................... 7.23
  When to use Rank Correlation Coefficient ...................................................................................... 7.24
  Concurrent Deviation Method ............................................................................................................... 7.24
  Merits and Limitations of Concurrent Deviation Method ................................................................ 7.25
  Miscellaneous Illustrations .................................................................................................................... 7.25
  Try Yourself ........................................................................................................................................... 7.34

 8. Regression Analysis ......................................................................................  8.1 – 8.28
  Meaning and Significance of Regression ................................................................................................ 8.1
  Difference between Correlation and Regression Analysis ...................................................................... 8.2
  Regression Lines ...................................................................................................................................... 8.2
  Regression Equations .............................................................................................................................. 8.3



Contents ♣  xi

  Regression Equation of Y on X........................................................................................................... 8.3
  Regression Equation of X on Y........................................................................................................... 8.3
  Deviations taken from Arithmetic Means of X and Y ........................................................................ 8.5
  Deviations taken from Assumed Means ............................................................................................. 8.6
  Regression Coefficients ........................................................................................................................... 8.8
  Miscellaneous Illustrations .................................................................................................................... 8.11
  Try Yourself ........................................................................................................................................... 8.24

 9. Index Numbers .............................................................................................  9.1 – 9.48
  Introduction ............................................................................................................................................. 9.1
  Uses of Index Numbers ...................................................................................................................... 9.2
  Classification of Index Numbers ........................................................................................................ 9.3
  Problems in the Construction of Index Numbers .................................................................................... 9.3
  Methods of Constructing Index Numbers ............................................................................................... 9.6
  Unweighted Index Numbers .................................................................................................................... 9.7
  Simple Aggregative Method .............................................................................................................. 9.7
  Simple Average of Relatives Method ................................................................................................. 9.8
  Weighted Index Numbers ...................................................................................................................... 9.10
  Weighted Aggregative Index Numbers ............................................................................................ 9.10
  Weighted Average of Relatives Index Numbers............................................................................... 9.14
  Quantity Index Numbers .................................................................................................................. 9.17
  Tests of Adequacy of Index Number Formulae ..................................................................................... 9.18
  Time Reversal Test ........................................................................................................................... 9.18
  Factor Reversal Test ......................................................................................................................... 9.19
  Circular Test ..................................................................................................................................... 9.20
  The Chain Index Numbers ..................................................................................................................... 9.23
  Steps in Constructing a Chain Index ................................................................................................ 9.23
  Usefulness of the Chain Base Method ............................................................................................. 9.26
  Limitation of the Chain Index .......................................................................................................... 9.26
  Consumer Price Index Numbers ............................................................................................................ 9.26
  Meaning and Need ........................................................................................................................... 9.26
  Utility of the Consumer Price Indices .............................................................................................. 9.27
  Construction of a Consumer Price Index ......................................................................................... 9.27
  Methods of Constructing the Index .................................................................................................. 9.29
  Precautions while using Consumer Price Index ............................................................................... 9.32
  Miscellaneous Illustrations .................................................................................................................... 9.32
  Limitations of Index Numbers ............................................................................................................... 9.41
  Try Yourself ........................................................................................................................................... 9.41

 10. Analysis of Time Series ............................................................................  10.1 – 10.44
  Introduction ........................................................................................................................................... 10.1
  Utility of Time Series Analysis .............................................................................................................. 10.2
  Components of Time Series ................................................................................................................... 10.3
  Secular Trend ................................................................................................................................... 10.5



xii  ♣  Contents

  Seasonal Variations .......................................................................................................................... 10.6
  Cyclical Variations ........................................................................................................................... 10.7
  Irregular Variations ........................................................................................................................... 10.8
  Problems of Classification ............................................................................................................... 10.8
  Preliminary Adjustments before Analysing Time Series ....................................................................... 10.9
  Methods of Measuring Trend .............................................................................................................. 10.10
  The Freehand or Graphic Method .................................................................................................. 10.10
  The Semi-average Method ............................................................................................................. 10.12
  The Moving Average Method ........................................................................................................ 10.15
  The Least Squares Method ............................................................................................................. 10.18
  Measurement Of Seasonal Variations .................................................................................................. 10.22
  Method of Simple Averages ........................................................................................................... 10.23
  Ratio-to-Trend Method .................................................................................................................. 10.26
  Ratio-to-Moving Average Method ................................................................................................. 10.28
  Link Relative Method .................................................................................................................... 10.30
  Uses and Limitations of Seasonal Index ........................................................................................ 10.33
  Miscellaneous Illustrations .................................................................................................................. 10.34
  Try Yourself ......................................................................................................................................... 10.39

 11. Tests of Hypotheses ..................................................................................  11.1 – 11.42
  Introduction ........................................................................................................................................... 11.1
  Hypothesis Testing ................................................................................................................................. 11.1
  Procedure of Testing Hypothesis ...................................................................................................... 11.2
  Measuring the Power of a Hypothesis Test ...................................................................................... 11.7
  Standard Error and Sampling Distribution ............................................................................................ 11.7
  Universe Distribution ....................................................................................................................... 11.8
  Estimation .............................................................................................................................................. 11.9
  Point Estimates ............................................................................................................................... 11.10
  Interval Estimates ........................................................................................................................... 11.10
  Tests of Significance for Large Samples ............................................................................................. 11.11
  Difference between Small and Large Samples ...............................................................................11.11
  Two-Tailed Test for Difference between the Means of Two Samples ........................................... 11.16
  Standard Error of the Difference between two Standard Deviations ............................................. 11.18
  Tests of Significance for Small Samples ........................................................................................ 11.19
  The Assumption of Normality ........................................................................................................ 11.19
  Student’s t-Distribution .................................................................................................................. 11.20
  Application of the t-Distribution .................................................................................................... 11.21
  Limitations of Tests of Significance ............................................................................................... 11.34
  Try Yourself ......................................................................................................................................... 11.35

 12. Chi-Square Test ........................................................................................  12.1 – 12.18
  Introduction ........................................................................................................................................... 12.1
  The Chi-Square Distribution ................................................................................................................. 12.1



Contents ♣  xiii

  Important Properties of c 2 Distribution ................................................................................................ 12.2
  Chi-Square Test ..................................................................................................................................... 12.2
  Conditions for the Application of c2 Test .............................................................................................. 12.3
  Use of the Chi-square Table ............................................................................................................. 12.3
  Yates’ Correction For Continuity ........................................................................................................... 12.4
  Grouping when Frequencies are Small ............................................................................................ 12.4
  Test of Independence ........................................................................................................................ 12.4
  Test of Goodness of Fit .................................................................................................................... 12.7
  Test of Homogeneity ........................................................................................................................ 12.8
  Cautions While Applying c2 Test ..................................................................................................... 12.9
  Miscellaneous Illustrations .................................................................................................................... 12.9
  Try Yourself ......................................................................................................................................... 12.15

 13. Analysis of Variance .................................................................................  13.1 – 13.12
  Introduction ........................................................................................................................................... 13.1
  Assumptions in Analysis of Variance .................................................................................................... 13.1
  Computation of Analysis of Variance .................................................................................................... 13.2
  One-Way Classification ......................................................................................................................... 13.2
  Calculate the Variance between the Samples ................................................................................... 13.2
  Calculate the Variance within the Samples ...................................................................................... 13.3
  Calculate the F-ratio ......................................................................................................................... 13.3
  Compare the calculated Value of F .................................................................................................. 13.3
  The Analysis Of Variance Table ............................................................................................................ 13.5
  Caution While Applying Analysis Of Variance Technique.................................................................. 13.10
  Try Yourself ......................................................................................................................................... 13.10

 14. Statistical Quality Control ......................................................................  14.1 – 14.26
  Introduction ........................................................................................................................................... 14.1
  Control Charts ........................................................................................................................................ 14.3
  Types of Control Charts ................................................................................................................... 14.5
  Setting up a Control Procedure ........................................................................................................ 14.6
  X Chart ................................................................................................................................................. 14.6
  R Chart ................................................................................................................................................. 14.10
  Control Chart for the Standard Deviation or s-Chart .................................................................... 14.11
  R Chart Vs. s Chart........................................................................................................................ 14.12
  Control Chart For C (Number Of Defects Per Unit) ........................................................................... 14.12
  Use of C-Chart ............................................................................................................................... 14.13
  Control Chart for P (Fraction Defective) ............................................................................................ 14.15
  Advantages and Limitations of Statistical Quality Control ................................................................. 14.17
  Try Yourself ......................................................................................................................................... 14.23

  Appendix ...................................................................................................... A.1 – A.26



xiv  ♣  Contents

   OPERATIONS RESEARCH   

 1. Operations Research – An Overview .........................................................  1.1 – 1.10
  Definitions of Operations research .......................................................................................................... 1.2
  Characteristic Features of OR .................................................................................................................. 1.2
  Modeling in Operations Research ........................................................................................................... 1.2
  Classification of Models .......................................................................................................................... 1.3
  Models by Degree of Abstraction ...................................................................................................... 1.3
  Models by Function............................................................................................................................ 1.3
  Models by Structure ........................................................................................................................... 1.3
  Models by Nature of the Environment ............................................................................................... 1.4
  Models by the Extent of Generality ................................................................................................... 1.4
  Methodology of Operations Research ..................................................................................................... 1.4
  Problem Solving and Decision-Making .................................................................................................. 1.6
  Applications and Scope of Operations Research ..................................................................................... 1.7
  Limitations of Operations Research ........................................................................................................ 1.8
  Try Yourself ............................................................................................................................................. 1.9
  Review Exercise .................................................................................................................................... 1.10

 2. Linear Programming ...................................................................................  2.1 – 2.26
  Linear Programming Problem (LPP) ....................................................................................................... 2.2
  Assumptions of Linear Programming Problem ....................................................................................... 2.2
  Three Stages of a LPP ........................................................................................................................ 2.2
  Formulation of a Linear Programming Problem ..................................................................................... 2.3
  General Linear Programming Problem .................................................................................................. 2.15
  Formulation of Linear Programming Model .................................................................................... 2.15
  Standard Form of Linear Programming Problem .................................................................................. 2.17
  Canonical Form of Linear Programming Problem ................................................................................ 2.18
  Some Important Definitions .................................................................................................................. 2.18
  Advantages of Linear Programming ...................................................................................................... 2.23
  Limitations of Linear Programming ...................................................................................................... 2.24
  Try Yourself ........................................................................................................................................... 2.24
  Review Exercise .................................................................................................................................... 2.26

 3. Linear Programming Problem — Solution Methods ...............................  3.1 – 3.44
  Graphical Solution Method ..................................................................................................................... 3.1
  Working Procedure for Graphical Method ......................................................................................... 3.2
  Review Illustrations ................................................................................................................................. 3.8
  Simplex Method .................................................................................................................................... 3.19
  Terminology of Simplex Method ..................................................................................................... 3.19
  Simplex Algorithm ........................................................................................................................... 3.20
  Use of Artificial Variables ..................................................................................................................... 3.24
  Review Illustrations ............................................................................................................................... 3.28



Contents ♣  xv

  Try Yourself ........................................................................................................................................... 3.40
  Review Exercise .................................................................................................................................... 3.42

 4. Duality in Linear Programming .................................................................  4.1 – 4.14
  General Primal-Dual Pair ........................................................................................................................ 4.2
  Duality and Simplex Method ................................................................................................................ 4.7
  Economic Interpretation ................................................................................................................... 4.10
  Try Yourself  .......................................................................................................................................... 4.13
  Review Exercise .................................................................................................................................... 4.14

 5. Transportation Problem ..............................................................................  5.1 – 5.44
  Problem Statement ................................................................................................................................... 5.2
  Existence of Solution in Transportation Problem .................................................................................... 5.3
  Basic Feasible Solution of a Transportation Problem ............................................................................. 5.4
  Solution of a Transportation Problem ...................................................................................................... 5.4
  Finding Initial Basic Feasible Solution ................................................................................................... 5.4
  North-West Corner Method (NWC Rule) .......................................................................................... 5.4
  Least Cost Method ............................................................................................................................. 5.6
  Vogel’s Approximation Method ......................................................................................................... 5.7
  Review Illustrations ................................................................................................................................. 5.9
  Optimality Test ...................................................................................................................................... 5.16
  Stepping Stone Method .................................................................................................................... 5.16
  Modified Distribution Method (MODI Method) ............................................................................. 5.17
  Review Illustrations ............................................................................................................................... 5.18
  Alternative Optimum Solution ......................................................................................................... 5.30
  Special Cases in Transportation Problems ............................................................................................. 5.35
  Prohibited Transportation Routes ..................................................................................................... 5.35
  Maximization Transportation Problem ............................................................................................ 5.35
  Try Yourself ........................................................................................................................................... 5.40
  Review Exercise .................................................................................................................................... 5.43

 6. Assignment Problem ....................................................................................  6.1 – 6.42
  Assumptions in Solving Assignment Problems ....................................................................................... 6.2
  Mathematical Formulation of an Assignment Problem ........................................................................... 6.2
  Solution Methods of Assignment Problem .............................................................................................. 6.3
  Simplex Method ................................................................................................................................. 6.3
  Transportation Method ....................................................................................................................... 6.4
  Complete Enumeration Method ......................................................................................................... 6.4
  Hungarian Assignment Method (also known as the Reduced Matrix Method) ................................. 6.4
  Special Cases in Assignment Problems ................................................................................................. 6.19
  Maximization Case in Assignment Problems  ................................................................................. 6.19
  Prohibited Assignments .................................................................................................................... 6.20
  Branch and Bound Method for Assignment .......................................................................................... 6.28
  Traveling Salesman Problem ................................................................................................................. 6.34



xvi  ♣  Contents

  Computational Procedure ................................................................................................................. 6.34
  A Typical Assignment Problem ............................................................................................................. 6.37
  Try yourself ........................................................................................................................................... 6.39
  Review Exercise .................................................................................................................................... 6.41

 7. Network Analysis – PERT/CPM .................................................................  7.1 – 7.48
  Why Networks? ....................................................................................................................................... 7.1
  Limitations in Using Network ............................................................................................................ 7.2
  Basic Components of Network ................................................................................................................ 7.2
  Activity ............................................................................................................................................... 7.2
  Event .................................................................................................................................................. 7.2
  Concurrent Activity ............................................................................................................................ 7.3
  Merge and Burst Events ..................................................................................................................... 7.3
  Logical Sequencing ................................................................................................................................. 7.3
  Rules of Network Construction ............................................................................................................... 7.5
  Numbering the Events ........................................................................................................................ 7.5
  Network Scheduling .............................................................................................................................. 7.13
  Critical Path Analysis ............................................................................................................................ 7.13
  Critical Path Calculations ...................................................................................................................... 7.15
  Forward Pass Calculations ............................................................................................................... 7.15
  Backward Pass Calculations ............................................................................................................ 7.15
  Float (or Slack) of an Activity and Event ......................................................................................... 7.16
  Procedure for Determining Critical Path (CPM) ................................................................................... 7.17
  Programme Evaluation and Review Technique (PERT)........................................................................7.24 
  Procedure for the Development of PERT .............................................................................................. 7.25
  Try yourself ........................................................................................................................................... 7.30
  Review Exercise .................................................................................................................................... 7.46



Scan to Visit Us

Sultan Chand & Sons
Publishers of Standard Educational Textbooks
23 Daryaganj, New Delhi-110002
Phones (S) :

(O):
Email : sultanchand74@yahoo.com

info@sultanchandandsons.com

011-23281876, 23266105, 41625022
011-23247051, 40234454

T
C

-5
0

8

ISBN 978-93-91820-35-0

9 789391 820350

Dr. P K Gupta has over three decades of experience in teaching Mathematics and Operations 
Research to Undergraduate and Post-Graduate students. He obtained a Master's Degree in 
Mathematics, and then another one in Operations Research from the University of Delhi. He obtained 
his doctorate in 1977 in the field of Queuing Theory.

He served as a faculty member in various capacities at the Department of Mathematics, 
JV Jain College, Saharanpur; where he taught a range of topics on Mathematics and Operations 
Research. These included Boolean Algebra, Linear Algebra, Difference Equations, Graph Theory and 
Techniques of Operations Research.

In 1979, he was invited by the Cochin University of Science & Technology, Kochi (Kerala) to teach 
the students of their newly started diploma course in Operations Research and Computer 

Applications. He also has been actively engaged in research in the discipline. He supervised multiple Ph.D. scholars in 
Optimization of Queues and also applied Optimization techniques in paper industry. He has authored more than half a dozen 
books of Mathematics and Operations Research, in addition to multiple research publications.

Dr. S P Gupta (born 1942) has a brilliant academic record of teaching for more than 4 decades in 
Indian and Foreign Universities. He was a student of Shri Ram College of Commerce, University of 
Delhi. He obtained B.Com. (H) and M.Com. Degree with “Advanced Statistics” as specialization and 
taught for more than a decade in SRCC.

He was invited by the Tribhuvan University, Kathmandu, Nepal as visiting professor for a period 
of 2 years. He was also appointed visiting Professor in University of  Milan, Italy for a period of 1 year. 
He attended prestigious International Teachers Program in Stockholm (Sweden) and Budapest, 
Hungary.

Dr. Gupta joined Faculty of Management Studies (FMS), University of Delhi from where he 
obtained Ph.D degree in Management and taught for about 3 decades. He has authored more than a 
dozen books in the field of Statistics for B.Com., M.Com., MBA, CA, ICWA courses etc. He was also Head & Dean, Faculty 
of Management Studies, University of Delhi for a period of 3 years.

About  the  Authors

The text book on “Business Statistics and Operations Research” provides a conceptual understanding of basic techniques 
of Statistics and Operations Research for solving managerial and business problems. The book discusses 
comprehensively the essential topics of quantitative decision-making by using various illustrations and examples. The 
book covers complete syllabus of B.Com. & BBA  prescribed by most Indian Universities.

About the Book

m Book is divided into two parts: Part I gives basic concepts of Statistics and Part II provides various Operations Research 
Techniques.

m There are detailed self contained chapters covering the syllabus completely.
m The language used in the text is simple and subject-matter has been presented in a lucid style.
m Special care has been taken to develop the concepts in an easy to understand manner.
m Chapter on Network Analysis is discussed in detail due to its importance in solving complex business problems.

Salient Features

Dr. Man Mohan was Head of the Department of Mathematics & Statistics, Ramjas College, University of Delhi, Delhi & 
Managing Editor of Journal of Statistics & Applications and Ganita Bharati, Bulletin of I.S.H.M. 


	TC 508F.pdf
	Page 1

	pages for booklet
	TC 508(B)
	Page 1


