
Contents  
 

Chapter 1 Simple Correlation and Regression Analysis  
Introduction  ...................................................................................................... 2 

Simple Correlation  ............................................................................ 2 

Positive Correlation  ........................................................................... 2 

Negative Correlation  ......................................................................... 2 

Methods of Measuring Simple Correlation  .................................................. 3 

Scatter Diagram  ................................................................................. 3 

Mathematical Method  ....................................................................... 3 

Interpretation and Features of ρ and r  ............................................ 4 

Test of Significance of Correlation Coefficient  ............................................ 4 

Simple Regression Analysis  ........................................................................... 8 

Simple Linear Regression  ................................................................. 9 

Fitting of Linear Regression between x and y .............................................. 10 

Least Squares Method  ....................................................................... 10 

Measures of Variation  ..................................................................................... 12 

Standard Error of the Estimate (Se or Syx) ..................................... 13 

Interpreting the Standard Error of the Estimate ............................ 13 

Coefficient of Determination (r2)  ..................................................... 14 

Estimation of Predicted Values  ...................................................................... 17 

Assumption on Regression Analysis  ............................................................ 21 

Residual Analysis  ............................................................................................ 21 

Residuals Analysis for Normality  ................................................... 22 

Residual analysis for Homoscedasticity  ......................................... 22 

Residual Analysis for Independence of Errors  .............................. 23 

Test of Significance for the Regression Coefficient (β1)  .............................. 23 

Problems for Practice  .......................................................................................... 36 

Case Study  .......................................................................................................... 42 

Chapter 2 Multiple Regression Analysis  
Introduction  ...................................................................................................... 46 

Multiple Regression Model with Two Independent Variables  ................. 47 

 Interpretation of Multiple Regression Coefficients  ........................ 48 

 Error Term or Residual  ...................................................................... 49 

 Measure of Variation in the Multiple Regression Model  .............. 51 



 Standard Error of the Estimate for Multiple Regression Model 
(Se)  ........................................................................................................ 52 

 Coefficients of Multiple Determination (r2)  .................................... 52 

 Adjusted Coefficient of Multiple Determination (r2
adJ)  ................. 53 

 Approximate Prediction Interval ...................................................... 53 

 Confidence Interval Estimation of Multiple Regression 
Coefficient  ............................................................................................ 57 

Decision Making Process in Hypothesis Testing  ........................................ 58 

 Test Value or Test Statistics  ............................................................... 58 

 The Critical Value Approach in Hypothesis Testing  ..................... 58 

 P-Value approach to Hypothesis Testing  ........................................ 59 

Test of Significance for the Regression Coefficients .................................... 59 

The Quadratic Regression Model  .................................................................. 62 

 Test for the Significance of the Overall Multiple Regression 
Model (F-test)  ...................................................................................... 65 

 Analysis of Variance Table (ANOVA –Table)  ................................ 65 

 Testing the Significance for the Quadratic Regression Model  ...... 66 

Dummy Variables  ............................................................................................ 75 

 Multiple Regression Model including the Dummy Variable  ....... 75 

 Interpretation of Regression Coefficients of Dummy Variable  .... 76 

Measuring Autocorrelation  ............................................................................ 78 

Multicollinearity in Multiple Regressions  .................................................... 81 

Stepwise Regression  ........................................................................................ 81 

Forward Selection Method  ............................................................................. 82 

Backward Selection Method  ........................................................................... 82 

Stepwise Selection Method  ............................................................................. 82 

Problems for Practice  .......................................................................................... 83 

Case Study  .......................................................................................................... 90 

Chapter 3 Time Series Analysis and Forecasting 

Introduction  ...................................................................................................... 94 

Objectives of Time Series Analysis  ................................................................ 94 

Forecasting ........................................................................................................ 94 

 Forecasting Time Horizons  ............................................................... 95 

Components of Time Series  (Factors Influencing Time Series Data)  ....... 95 

Steps in a Time Series Analysis  ...................................................................... 96 

Objectives of Smoothing and its Types  ......................................................... 97 

 Smoothing the Annual Time Series: Moving Average Method  ... 97 

 Smoothing the Annual Time Series: Exponential Smoothing ....... 100 



 Exponential Smoothing will Address these Problems  .................. 100 

 Selection of Smoothing Constant (W)  .............................................. 101 

Measurement of Trend (Trend Analysis)  ..................................................... 103 

 Extrapolative Method (Graphical Method)  ..................................... 103 

 Least Squares Method  ........................................................................ 104 

Use of Second Degree (Quadratic) Trend in a Time Series  ........................ 107 

 Least Square coefficients for a Second Degree Trend  .................... 107 

Measuring Cyclic Variation  ............................................................................ 108 

 Residual Method  ................................................................................. 108 

 Cyclic Variations in terms of Relative Cyclic Residual  .................. 109 

Measuring Seasonal Variation  ....................................................................... 109 

 Measurement of Seasonal Variation: Method of Simple Average  110 

 Interpretation of Seasonal Indices  .................................................... 111 

 Measurement of Seasonal Variation: Ratio to Moving Averages 
Method  ................................................................................................. 111 

 Use of Seasonal Index  ........................................................................ 113 

Types of Forecasting Methods  ....................................................................... 113 

 Which Forecasting Models Should be Used? (Quantitative or 
Qualitative?)  ........................................................................................ 114 

 Forecasting Models ............................................................................. 114 

 Translating or Coding Time  .............................................................. 118 

Measures of Forecast Accuracy  ..................................................................... 119 

 Mean Square Error (MSE)  .................................................................. 119 

 Mean Absolute Deviation (MAD)  .................................................... 120 

 Concept of Warm - up and Forecasting Sample and Forecast 
Accuracy  .............................................................................................. 121 

Problems for Practice  .......................................................................................... 123 

Self Practice Problems  ........................................................................................ 129 

Case Study  .......................................................................................................... 133 

Chapter 4 Index Number 

Introduction  ...................................................................................................... 136 

Types of Index Numbers  ................................................................................ 136 

Uses of Index Numbers  .................................................................................. 137 

Problems in the Construction of Index Numbers  ....................................... 138 

Methods of Construction of Index Numbers  ............................................... 142 

 Unweighted Index Numbers  ............................................................ 143 

 Weighted Index Numbers  ................................................................. 147 

Cost of Living Index Number (Consumer Price Index Number)  .............. 154 



 Main Steps in the Construction of Cost of Living Index 
Numbers  .............................................................................................. 154 

 Methods of Constructing the Cost of Living Index Numbers  ...... 155 

 Utility of Cost of Living Index Number  .......................................... 160 

 Limitations of Cost of Living Index Numbers  ................................ 160 

Base Shifting  ..................................................................................................... 161 

Deflecting the Index Numbers  ....................................................................... 162 

Limitations of Index Numbers  ....................................................................... 163 

Problems for Practice  .......................................................................................... 164 

Chapter 5 Linear Programming 

Introduction  ...................................................................................................... 171 

Model Formulation .......................................................................................... 171 

 Summary of Model Formulation  ...................................................... 173 

Solution Procedures  ........................................................................................ 174 

Graphical Solution Procedure  ........................................................................ 174 

 Active and Inactive Constraints ........................................................ 176 

 Summary of Graphical Solution Procedure  .................................... 177 

Some Exceptional Cases  .................................................................................. 179 

 Infeasibility  .......................................................................................... 179 

 Unbounded Solution  .......................................................................... 180 

 Redundancy  ........................................................................................ 181 

 More than One Optimal Solution (Alternative Optima)  ............... 182 

 Slack, Surplus and Unrestricted Variables  ...................................... 186 

Duality in LP  .................................................................................................... 187 

 Standard Forms  ................................................................................... 187 

 Primal /Dual Transformation Rule  .................................................. 188 

Sensitivity Analysis  ......................................................................................... 192 

 Changes in the Objective Function Coefficient  ............................... 192 

 Change in the Right Hand Side of the Constraint  .......................... 194 

 Unit Worth of the Resource  ............................................................... 196 

Problems for Practice  .......................................................................................... 196 

Self Practice Problems  ........................................................................................ 204 

Case Study  .......................................................................................................... 208 

 



Chapter 6 Transportation Model 
Introduction  ...................................................................................................... 211 

Transportation Table  ....................................................................................... 212 

 Basic Feasible Solution  ....................................................................... 213 

 Rim Requirements  .............................................................................. 213 

 Degenerate and Non-degenerate Solutions  .................................... 213 

Mathematical Formulation of Transportation Model  ................................. 213 

Transportation Algorithms  ............................................................................ 214 

Determination of Initial (or Starting) Solution ............................................. 215 

 North-West Corner Rule  .................................................................... 215 

 Least Cost Method or Greedy Method or The Matrix Minima 
Method  ................................................................................................. 216 

 Vogel’s Approximation Method (VAM) or Unit Cost Penalty 
Method  ................................................................................................. 218 

 Maximization Case  ............................................................................. 219 

Determination of Optimum Solution  ............................................................ 221 

 Stepping Stone Method ...................................................................... 221 

 Modified Distribution (MODI) Method (or the uv Method)  ........ 223 

Unbalanced Transportation Problems  .......................................................... 226 

 Demand Less than Supply  ................................................................ 226 

 Supply Less than Demand  ................................................................ 227 

Problems for Practice  .......................................................................................... 230 

Self Practice Problems  ........................................................................................ 235 

Case Study  .......................................................................................................... 240 

Chapter 7 Assignment Model 
Introduction  ...................................................................................................... 242 

Mathematical Formulation of an Assignment Model  ................................. 242 

Assignment Algorithm (Hungarian Method)  .............................................. 243 

Maximization Cases  ........................................................................................ 246 

Unbalanced Assignment Problems  ............................................................... 247 

Problems for Practice  .......................................................................................... 249 

Self Practice Problems  ........................................................................................ 253 

 

 



Chapter 8 Network Analysis 

Introduction  ...................................................................................................... 257 

 Network Terminologies  ..................................................................... 257 

Network Construction  .................................................................................... 258 

PERT/CPM ....................................................................................................... 260 

 Functions  ............................................................................................. 260 

Time Estimates  ................................................................................................. 261 

Identification of Critical Path  ......................................................................... 261 

Probability Estimates  ...................................................................................... 266 

Time Chart  ........................................................................................................ 268 

Problems for Practice  .......................................................................................... 269 

Self Practice Problems  ........................................................................................ 272 

Case Study  .......................................................................................................... 275 

 

Syllabus ............................................................................................................. 276 

PU Board Questions ........................................................................................ 277  

References  ........................................................................................................ 303 

List of Tables  ................................................................................................... 304 


