
Chapter 2. Linear and Nonlinear 
Regression Models
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Overview

• Regression models capture linear or nonlinear 
relations of one or more attribute variables with 
how one or more target variables 

• 2.1 Linear Regression Models

• 2.2 Least-Squares Method and Maximum 
Likelihood Method of Parameter Estimation

• 2.3 Nonlinear Regression Models and Parameter 
Estimation

• 2.4 Software
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2.1 Linear Regression Models

• A simple linear regression model

– Assumptions
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2.1 Linear Regression Models

• A simple linear regression model
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2.1 Linear Regression Models

• Examples of other linear regression models

• A general form of linear regression models
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2.2 Least-Squares Method and Maximum 
Likelihood Method of Parameter Estimation

• Parameter estimation

– Estimate parameters β’s to fit the regression 
model to a set of training data (xi, yi), xi = (xi,1, …, 
xi,k), i = 1, …, n
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2.2 Least-Squares Method and Maximum 
Likelihood Method of Parameter Estimation

• Parameter estimation

– Least-squares method

 For the simple linear regression model: 

Look for and to minimize the sum of squared errors 
(SSE):

Nong Ye Data Mining: Theories, Algorithms, and Examples 7



2.2 Least-Squares Method and Maximum 
Likelihood Method of Parameter Estimation

• Parameter estimation

– Least-squares method

 The partial derivatives of SSE with respective to and 

should be zero at the point where SSE is minimized
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2.2 Least-Squares Method and Maximum 
Likelihood Method of Parameter Estimation

• Parameter estimation

– Least-squares method

 Solution
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2.2 Least-Squares Method and Maximum 
Likelihood Method of Parameter Estimation

• Parameter estimation

– Least-squares method

 Example 2.1: fit a linear regression model to the space 
shuttle O-rings data set in Table 2.1, and determine the 
predicted target value for each observation using the 
linear regression model
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2.2 Least-Squares Method and Maximum 
Likelihood Method of Parameter Estimation

• Parameter estimation

– Least-squares method

 Example 2.1
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2.2 Least-Squares Method and Maximum 
Likelihood Method of Parameter Estimation

• Parameter estimation

– Maximum likelihood method

 Assumption: εi is normally distributed with the mean of 
zero and the constant, unknown variance of σ2, 
denoted by N(0, σ2)
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2.2 Least-Squares Method and Maximum 
Likelihood Method of Parameter Estimation

• Parameter estimation

– Maximum likelihood method

 The assumption that εi’s are independent N(0, σ2) gives 
the normal distribution of yi
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2.2 Least-Squares Method and Maximum 
Likelihood Method of Parameter Estimation

• Parameter estimation

– Maximum likelihood method

 yi’s are independent, and the likelihood of observing y1, 
…, yn:
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2.2 Least-Squares Method and Maximum 
Likelihood Method of Parameter Estimation

• Parameter estimation

– Maximum likelihood method

 , which maximize the likelihood function, 
are obtained:
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2.2 Least-Squares Method and Maximum 
Likelihood Method of Parameter Estimation

• Parameter estimation

– Maximum likelihood method

 , which maximize the likelihood function, 
are obtained by solving the following:
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2.2 Least-Squares Method and Maximum 
Likelihood Method of Parameter Estimation

• Parameter estimation

– Maximum likelihood method
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2.2 Nonlinear Regression Models and 
Parameter Estimation

• Nonlinear regression models are nonlinear in 
model parameters
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2.2 Nonlinear Regression Models and 
Parameter Estimation

• Examples of nonlinear regression models

– An exponential regression model

– A logistic regression model
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2.2 Nonlinear Regression Models and 
Parameter Estimation

• Parameter estimation

– Equations derived from least-squares method and 
maximum likelihood method to estimate the 
parameters of a nonlinear regression model do 
not have analytical solutions

– Numerical search methods, using the Gauss-
Newton method and the gradient decent search, 
are used to search for the solution to the 
equations  
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2.4 Software

• Statistica (http://www.statsoft.com),

• SAS (http://www.sas.com),

• SPSS 
(http://www.ibm/com/software/analytics/spss/).
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