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Machine Learning

LAB  MANUAL 8
Implementation of Decision trees 

LAB OBJECTIVE:

The objective of this lab is to understand 
1. To implement  regression tree in MATLAB
2. To implement classification tree in MATLAB

3. Pruning

BACKGROUND MATERIAL

Introduction of Classification and Regression Trees
Tree-structured classification and regression are alternative approaches to classification and regression that are not based on assumptions of normality and user-specified model statements, as are some older methods such as discriminant analysis and ordinary least squares (OLS) regression. Yet, unlike the case for some other nonparametric methods for classification and regression, such as kernel-based methods and nearest neighbors methods, the resulting tree-structured predictors can be relatively simple functions of the input variables which are easy to use.
Classification and regression trees can be good choices for analysts who want fairly accurate results quickly, but may not have the time and skill required to obtain them using traditional methods. If more conventional methods are called for, trees can still be helpful if there are a lot of variables, as they can be used to identify important variables and interactions. Classification and regression trees have become widely used among members of the data mining community, but they can also be used for relatively simple tasks, such as the imputation of missing values

Generation of the Decision Tree

The MATLAB representation of the matrices A and B (from now on denoted by A and B), must be placed in the MATLAB environment. This can be done either by actually entering them by hand, or by placing them in an M-file and loading the M-file into the MATLAB environment. 

The decision tree is technically represented as a matrix in the MATLAB environment. This matrix representation of the decision tree must be generated. To generate this matrix, call (in the MATLAB environment): 

T = msmt_tree(A,B,max_depth,tolerance,certainty_factor,min_points) 

In the above expression the various symbols are defined as follows: 

· A, B: MATLAB representation of the matrices A and B. 

· max_depth: maximum allowable depth of the decision tree (must be greater than or equal to 1). If this argument is not given, then max_depth is set (by default) to some huge positive integer. 

· tolerance: percentage of allowable error in a leaf node (must be between 0.0 and 1.0). If this argument is not given, then tolerance is set (by default) to 0.0. 

Displaying the Decision Tree

The decision tree generated by the call above can be displayed graphically by calling the following routine (within the MATLAB environment): 

disp_tree(T,A,B) 

where: 

· T: matrix representing the decision tree in the MATLAB environment. 

· A: matrix representing the point set A in the MATLAB environment. 

· B: matrix representing the point set B in the MATLAB environment. 

The following is an example of the graphical representation of the decision tree using samples data. 
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Each node in the tree is numbered. In the MATLAB environment, the following information is provided: 

· For each non-leaf node: 

· Equation of the plane is given as: wx = theta. 

· Number of points of set A at this node. 

· Number of points of set B at this node. 

· For each leaf node: 

· Identification that the node is a leaf node 

· Number of points of set A at this node. 

· Number of points of set B at this node. 

Pruning

Pruning removes potentially unnecessary subtrees from the decision tree. This MATLAB implementation allows for pruning using 2 different algorithms: (1) Error-based pruning from C4.5: Programs for Machine Learning, and (2) Minimum misclassified points algorithm. 

Error-Based Pruning

To prune the given decision tree using the error-based pruning algorithm (outlined in C4.5: Programs for Machine Learning), call (in the MATLAB environment): 

T = prune_tree_C45(T,A,B,certainty_factor) 

where: 

· T: matrix representing the decision tree in the MATLAB environment. 

· A, B: MATLAB representation of matrices A and B. 

· certainty_factor: real number between (and including) 0.0 and 1.0. Smaller values of certainty_factor will result in more pruning, and vice-versa for larger values. NOTE: Suggested value for certainty_factor is 0.25. 

The decision tree may also be pruned by this algorithm when the tree is generated by giving a value for certainty_factor in the call: 

T = msmt_tree(A,B,max_depth,tolerance, certainty_factor, min_points) 

IMPLEMENTATION DETAILS WITH RESULTS:

Classification Trees

This example uses Fisher's iris data in fisheriris.mat to create a classification tree for predicting species using measurements of sepal length, sepal width, petal length, and petal width as predictors. Note that, in this case, the predictors are continuous and the response is categorical.

Load the data and use the classregtree constructor of the @classregtree class to create the classification tree:

load fisheriris

t = classregtree(meas,species,...

                 'names',{'SL' 'SW' 'PL' 'PW'})

t = 

Decision tree for classification

1  if PL<2.45 then node 2 else node 3

2  class = setosa

3  if PW<1.75 then node 4 else node 5

4  if PL<4.95 then node 6 else node 7

5  class = virginica

6  if PW<1.65 then node 8 else node 9

7  class = virginica

8  class = versicolor

9  class = virginica

t is a classregtree object and can be operated on with any of the methods of the class.

Use the type method of the @classregtree class to show the type of the tree:

treetype = type(t)

treetype =

classification

classregtree creates a classification tree because species is a cell array of strings, and the response is assumed to be categorical.

To view the tree, use the view method of the @classregtree class:

view(t)
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The tree predicts the response values at the circular leaf nodes based on a series of questions about the iris at the triangular branching nodes. A true answer to any question follows the branch to the left; a false follows the branch to the right.

The tree does not use sepal measurements for predicting species. These can go unmeasured in new data, and be entered as NaN values for predictions. For example, to use the tree to predict the species of an iris with petal length 4.8 and petal width 1.6, type

predicted = t([NaN NaN 4.8 1.6])

predicted = 

    'versicolor'

Note that the object allows for functional evaluation, of the form t(X). This is a shorthand way of calling the eval method of the @classregtree class. The predicted species is the left-hand leaf node at the bottom of the tree in the view above.

You can use a variety of other methods of the @classregtree class, such as cutvar and cuttype to get more information about the split at node 6 that makes the final distinction between versicolor and virginica:

var6 = cutvar(t,6) % What variable determines the split?

var6 = 

    'PW'

type6 = cuttype(t,6) % What type of split is it?

type6 = 

    'continuous'

Classification trees fit the original (training) data well, but may do a poor job of classifying new values. Lower branches, especially, may be strongly affected by outliers. A simpler tree often avoids over-fitting. The prune method of the @classregtree class can be used to find the next largest tree from an optimal pruning sequence:

pruned = prune(t,'level',1)

pruned = 

Decision tree for classification

1  if PL<2.45 then node 2 else node 3

2  class = setosa

3  if PW<1.75 then node 4 else node 5

4  if PL<4.95 then node 6 else node 7

5  class = virginica

6  class = versicolor

7  class = virginica

view(pruned)
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PRUNING
MATLAB Code for pruning

function T =3D prune_tree_C45(T,A,B,CF)

% coeff is a global variable and is accessible for function prune, =

prune_tree.

global coeff;

global CF;

% n is the dimension of the points in sets A,B

global n;

n =3D size(A,2);

% determine coeff:

coeff =3D prune_det_coeff_C45(CF);

% prune the tree

% first determine T_breakdown

T_breakdown =3D msmt_tree_breakdown(T_breakdown,T,A,B,1);

position =3D [ 1 ];

[T,error] =3D prune_C45(T,T_breakdown,0,[position,T(n+2,1)]);
% prune =

left

[T,error] =3D prune_C45(T,T_breakdown,1,[position,T(n+3,1)]);
% prune =

right

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

TASK 1
Implement the regression tree. 
******************************************************************

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

TASK 2

Implement the classification tree and also apply pruning technique. 

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

SKILLS DEVELOPED:

· Overview of regression & classification trees.

· Implementation of regression trees.

· Implementation of classification trees.

HARDWARE & SOFTWARE REQUIREMENTS:
           Hardware

· Personal Computers.

           Software

· MATLAB.

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

Thanks
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