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UNIVERSITY OF ENGINEERING AND TECHNOLOGY, TAXILA
FACULTY OF TELECOMMUNICATION AND INFORMATION ENGINEERING 
COMPUTER ENGINEERING DEPARTMENT


Machine Learning

LAB  MANUAL 4

Implementation of Regression & Classification 
LAB OBJECTIVE:

The objective of this lab is to understand 
1. The overall objectives of regression analysis which are as follows : 
· to determine whether or not a relationship exists among the variables, 
· to describe the nature of relationship, should one exist, in the form of a mathematical equation, 
· to assess the degree of accuracy of prediction achieved by the regression equation, and 
2. To implement  regression in MATLAB
3. To implement classification in MATLAB

BACKGROUND MATERIAL

Regression analysis can be used to identify the line or curve which provides the best fit through a set of data points. This curve can be useful to identify a trend in the data, whether it is linear, parabolic, or of some other form. Regression analysis can be performed using different methods; this tutorial will explore the use of Excel and MATLAB for regression analysis. In addition to fitting a curve to given data, regression analysis can be used in combination with statistical techniques to determine the validity of data points within a data set. For example, the standard deviation for a data set can easily be determined, and any data points existing outside of the 3σ range can be reviewed to determine if they are valid points. 
Regression analysis is a technique used for the modeling and analysis of numerical data consisting of values of a dependent variable (response variable) and of independent variables (explanatory variables). The model is a function of the independent variables and one or more parameters. The parameters are adjusted so as to give a best fit of the data. Most commonly the best fit is obtained by using the least squares method, but other criteria have also been used. The dependent variable is assumed to be a random variable, due to the presence of observational errors. The independent variable is assumed to be error-free.

Data modeling can be used without there being any knowledge about the underlying processes that have generated the data;[1] in this case the model is an empirical model. Moreover, in modelling knowledge of the probability distribution of the errors is not required. Regression analysis requires assumptions to be made regarding probability distribution of the errors. Statistical tests are made on the basis of these assumptions. In regression analysis the term "model" embraces both the function used to model the data and the assumptions concerning probability distributions.

Regression can be used for prediction (including forecasting of time-series data), inference, hypothesis testing, and modeling of causal relationships. These uses of regression rely heavily on the underlying assumptions being satisfied. Regression analysis has been criticized as being misused for these purposes in many cases where the appropriate assumptions cannot be verified to hold. One factor contributing to the misuse of regression is that it can take considerably more skill to critique a model than to fit a model.

IMPLEMENTATION DETAILS WITH RESULTS:
REGRESSION

Regression and Curve Fitting

It is often useful to find functions that describe the relationship between some variables you have observed. Identification of the coefficients of the function often leads to the formulation of an over determined system of simultaneous linear equations. You can find these coefficients efficiently by using the MATLAB backslash operator. 

Suppose you measure a quantity y at several values of time t.

 t = [0 .3 .8 1.1 1.6 2.3]';

y = [0.5 0.82 1.14 1.25 1.35 1.40]';

plot(t,y,'o'), grid on
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The command used to perform curve fitting in MATLAB is: 

p = polyfit(x,y,n) 
This function finds the coefficients of a polynomial, p(x), which provides a least-squares best fit to the data provided. The inputs to the function are x, y and n, where 
· x is a vector containing the x-values of the data points, 

· y is a vector containing the y-values of the data points, and 

· n is the order of the polynomial. 
The output of polyfit, p in this case, is a vector containing the coefficients of the polynomial, starting with the highest order term. For example, the vector 
p = [5 12 3 1]  represents the polynomial 

5x3 + 12x2 + 3x +1 
The command polyval can be used to plot the resulting polynomial. The syntax for polyval is 
f = polyval(p,x) 
where p is the array containing the polynomial's coefficients, and x is the original vector of x-values.
 The polynomial is therefore being evaluated at these x-values, and the result (f) is a vector of the y-values. To plot the original data points along with the regression line, simply enter 
plot(x,y,’o’,x,f,′-′) 

This will plot the original data points with small circles, and the polynomial curve fit as a line. 

Polynomial Regression

Based on the plot, it is possible that the data can be modeled by a polynomial function 
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 The unknown coefficients a0, a1, and a2 can be computed by doing a least squares fit, which minimizes the sum of the squares of the deviations of the data from the model. There are six equations in three unknowns,  
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represented by the 6-by-3 matrix X = [ones(size(t))  t  t.^2]

X = 

    1.0000         0         0

    1.0000    0.3000    0.0900

    1.0000    0.8000    0.6400

    1.0000    1.1000    1.2100

    1.0000    1.6000    2.5600

    1.0000    2.3000    5.2900

The solution is found with the backslash operator. a = X\y

a =

    0.5318

    0.9191

  - 0.2387

The second-order polynomial model of the data is therefore  
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Now evaluate the model at regularly spaced points and overlay the original data in a plot. T = (0:0.1:2.5)';

Y = [ones(size(T))  T  T.^2]*a;

plot(T,Y,'-',t,y,'o'), grid on
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1st order polynomial regression

x = [2;4;8;11;14;18;21];

y = [3;5;7;7.5;8;9;12];
% Plot the data points.

% This plots the points as black '+' symbols.

plot(x,y,'k+')
% Set the x and y axes limits so that all of the data points can be clearly seen.
xlim([0 22])

ylim([0 13])
% Display a title.
title('Data points')

p = polyfit(x,y,1)
f = polyval(p,x)

plot(x,y,'o',x,f,'-')
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3rd order polynomial regression

x = [2;4;8;11;14;18;21];

y = [3;5;7;7.5;8;9;12];

% Plot the data points.

% This plots the points as black '+' symbols.
plot(x,y,'k+')
% Set the x and y axes limits so that all of the data points

% can be clearly seen.

xlim([0 22])

ylim([0 13])

% Display a title.

title('Data points')

p = polyfit(x,y,3)

f = polyval(p,x)

plot(x,y,'o',x,f,'-')
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******************************************************************

TASK 1

Take two variables and fill atleast 10 values in each variable like this,

 x = [2;4;8;11;14;18;21;25;28;32];

y = [3;5;7;7.5;8;9;12;13;15;18];
Now you have to implement 1st order, 3rd order and 6th order  polynomial regression and show curve fitting by plotting like mentioned before in manual and tell which order provides the best fit.
******************************************************************

Your Output should be like the one given below:
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CLASSIFICATION

In classification you design a discriminant function which checks the input and assign the instance to one of the classes according to some criteria or formula. Your 2nd task is like that.
******************************************************************

TASK 2
Draw a table in MSACCESS with three columns “name”,”income”,”saving” & fill for at least 6 rows.
Now fetch data from ”income” and ”saving” & store in MATLAB variables. 
Now you have to implement a classification algorithm, in this case there exists 2 classes: 

· Low risk customers

· High risk customers  

”income” and ”saving” are the two attributes which you will look to assign the input to one of two classes. Then identify by plotting the values and show both cases(Low risk & High risk)
Also calculate the probability of both the cases.
Hint:: algo is given (IF INCOME>A  AND SAVING>B    THEN low risk ELSE high risk)

******************************************************************

SKILLS DEVELOPED:

· Implementation of polynomial regression.

· Curve fitting

· Implementation of classification techniques.

HARDWARE & SOFTWARE REQUIREMENTS:
           Hardware

· Personal Computers.

           Software

· MATLAB.

· MSAccess.

For any Query please E-mail me at alijaved@uettaxila.edu.pk 

Thanks
Machine Learning                 8th Term-SE/CP 
    UET Taxila

