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<+ Introduction to Weka

»Classification
s General Concept
= We will see two popular classifiers
= Neural Networks, Decision Trees
= Evaluation criteria

*How to classify data using Weka?
s Data format: ARFF
s Neural Networks, Decision Trees in Weka
s Using Experimenter (optional)



Introduction to Weka

“*Weka 3: Data Mining Software in Java

Weka is a collection of machine learning
algorithms for data mining tasks

What you can do with weka?

= data pre-processing, classification,
regression, clustering, association rules,
and visualization
Weka Is an open source software issued under
the GNU General Public License

How to get?
http://www.cs.waikato.ac.nz/ml/weka/ or just

type ‘Weka’ in google.
Demo



Concept of Classification

< Feature or attribute

“* Training or learning

* Data: training set, test set

*Supervised learning



Neural Networks

*MLP (Multilayer Perceptron)
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FIGURE 6.4. A d-ny-c fully connected three-layer network and the notation we shall
use. During feedforward operation, a d-dimensional input pattern x is presented 1o the Rz
input layer; each input unit then emits its corresponding component x;. Each of the ny

hidden units computes its net activation, net;, as the inner product of the input layer sig- Xy X5 /
nals with weights wy; at the hidden unit. The hidden unit emits y;, = f{nel), where (.} -
is the nonlinear activation function, shown here as a sigmoid. Each of the ¢ output units 4
functions in the same manner as the hidden units do, computing ret, as the inner prod- Xx;
uct of the hidden unit signals and weights at the output unit. The final signals emitted by
the netwaork, zp = f{nel), are used as discriminant functions for classitication. During
network training, these output signals are compared with a teaching or target vector t,
and any difference is used in training the weights throughout the network. From: Richard
O. Duda, Peter E. Hart, and David G. Stork, Pattern Classification. Copyright © 2001
by John Wiley & Sons, Inc.
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FIGURE 6.3. Whereas a two-layver network classifier can only implement a linear deci-
sion boundary, given an adequate number of hidden units, three-, four- and higher-layer
networks can implement arbitrary decision boundaries. The decision regions need not
be convex or simply connected. From: Richard O. Duda, Peter E. Hart, and David G.
Stork, Fattern Classification. Copyright © 2001 by John Wiley & Sons, Inc.




Decision Trees
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Training data and associated (unpruned) tree are shown at the top. The entropy impurity o y
at nonterminal nodes is shown in red and the impurity at each leaf is 0. If the single 2 4 6 8 !

training point marked * were instead slightly lower (marked '), the resulting tree and

decision regions would differ significantly, as shown at the bottom FIGURE 8.5. If the class of node decisions does not match the form of the wraining dara,
11 ! 5 e i ‘ i i

a very complicated decision tree will result, as shown at the top. Here decisions are
parallel to the axes while in fact the data is better split by boundaries along another
direction. If, however, “proper” decision forms are used (here, linear combinations of
the features), the tree can be quite simple, as shown at the bottom.




Demo of Classification

< Data: Iris data set

 Data format for Weka
s . ARFF
s Header + data (CSV type)
= YOou need to add a header to usual text file

»Classifiers
= Neural Networks (Multilayer Perceptron)
= Decision Tree (J48)



Iris data set

+Data
s 150 instances (50 instances * 3 classes)

= 4 numeric, predictive attributes and the class
= sepal length/width in cm
= petal length/width in cm

m Class labels — species of iris flowers
= Iris setosa
= ITiS virginica
= Iris versicolor

= Note: classical, but very famous dataset, first used by Fisher (1936)



Neural Networks in Weka

* Weka Explorer

Program  ¥isualization Tools  Help

WEKA
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Some Notes on the Parameter Setting

*Parameter Setting = Car Tunning
= nheed much experience or many times of trial
= YOU may get worse results if you are unlucky

* Multilayer Perceptron (MLP)

= Main parameters: hiddenLayers, learningRate,
momentum, training time, randomSeed

+J48
= many parameters are related to the size of the
result tree, i.e. pruning
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Weka Explorer

Preprocess | Classify | Cluster| Associate | Select attributes | Misualize|

Classgifier

[ Choose ]|Mu|ti|ayerPerceptrun L 03-MO02-MEIO-Y0-S0-E20-Ha

Test options
() Use training set

) Supplied test set Sat,

Classifier output

Time taken to build model: 0.63 seconds

53

(#) Cross-validation Faolds |5
) Percentage split %

You need to

understand the
mearning of these

options

== Stratified cross-walidation ===

=== DJuUmmArY ===

oK

—-| More options, Correctly Classified Instances 144 ag &
é— Incorrectly Classified Instances [ 4 5
\ Eappa statistic 0.94
“
H-I) class Mean ahsolute error 0.0376
E Stop Root n_lean squared error 0.1445
Felative absolute error 5.4538 %
ult list Cright-click for options) Foot relatiwe scuared error 30,7184 %
T:21 - functions, MultilayerPerceptron Total Humber of Instances 150
=== Detailed iccuracy By Class ===
TP Rate FP Rate Precizion Recall F-Measure ROC
1 u] 1 1 1 1
0.9 0.0l 0.978 0.9 0.938 a
0.93 0.05 0.907 0.93 0.942 0
\\ Weighted Awy. 0.9a 0.0z 0.962 0.96 0.9 a
You need to
. === Confusion Matrix ===
understand this
result screen a b © <-- claszified as
50 0 0| a= Iris-setosa
045 5 | b = Iris-wersicolor
0 149 | c = Iris-wirginica
v
< 1l ral
Status

Liog ‘ % 0
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How to Evaluate the Performance? (1/2)

‘*Usually, build a Confusion Matrix out
of given data

<« Evaluation Metrics
s Accuracy
s Precision
s Recall

= Many other metrics: F-measure, Kappa score,
etc.

2+ For fare evaluation, the
‘cross-validation’ scheme iIs used

12



How to Evaluate the Performance? (2/2)

s Confusion Matrix

Predicti Real True False
All with
Positive TP FP positive
Test
All with
Negative FN TN Negative
Test
ﬁILZ\QEE Alé;':fghim Everyone
TP+TN
Accuracy = TP+ FP +TN + EN As recall 1 precision |
conversely:
Precision = TP Recall = TP As recall | precision 1

P+FP TP+ FN

13




+ K-fold Cross Validation

Cross Validation (1/2)

= The data set is randomly divided into k
subsets.

s One of the k subsets is used as the ‘test set’

and the other k-1 subsets are put together
to form a ‘training set’.

6-fold cross validation

k
Error = %Z Error,
i=1

14



How to Show Classification Results?

* Cross validation and Confusion
Matrix

s At least 10 runs for your k value.

Run Test Error
1
2

10

Average

» Show the confusion matrix for the best
result of your experiments.

15



Prograrmn  Misualization Tools Help

The University
of Waikato Expetimenter
‘Waikato Environment for Knowledos Analysis ‘ KHDW|EI:|QEF|DW ‘
“Version 3.6.0
(c) 1888 - 2008
The University of Waikata Simple CLI |

Hamilten, Me

* Select ‘Run’ tab and click ‘Start’
« [f it has finished successfully,
‘Analyse’

Weka Experime!

08:54:21: Started

Setup | Aun

Source

Mo source

Configure test Test output

Testing with | Paired T-Tester (co, ,,
Bow Select
Caolumn Select

Comparisen field
Significance |05

Sorting {asc.) by

Test base Select

Status Displayed Calumns Select
Iteration: Clags|

Show std, deviations

Qutput Format Select
Petform test Save output
Result list

Click ‘New’

Experiment Configuration Maode:

[ Open...,

Results Destination

@ Eimple vance

Save... | |

&
3
u

ARFF file Filename:

Browse, .,

Experiment Type

Cross-validation

Iteration Control

Mumber of repetitions:

Mumber of folds:

Data sets first

[]Use relative pat,,,

Classification Regression Algarithrns first
Datasets Algorithms
Add new. ., Edit selecte, . Delete select,.. Add new, ., Edit selected... Delete selected

> Weka Experiment Environment

Setup m"m| COHtrOl

Experiment Configuration Mode:

: —— | Set datasets / algorithms

* Set experiment type/iteration

Results Destination ‘

!AHFFﬁIe v! Filename: | — ! [ Browse.. | L
Experiment Type Iteration Contral

‘Crussf\talidatiun v‘ Mumber of repetitions: | 10 |
Murmnber of folds: {10 ‘ (® Data sets first

(& Classification ) Regression O &lgarithms first

Datasets Algorithms

Edit selecte, Delate select,

[] Use relative pat, ..

EdPragram FilestWeka-3-Gdatativis, arff

Edit zelected, ., Delate selected

MultilayerPerceptron -L 0,3 -M 0,2 -N 500 -V 0-50-E20-H a
MultilaverPerceptron -L 0,3 -M 0.2 -M100-Y D-50-E20-H a
MultilayerPerceptron -L 0,1 -M 0,2 -N 100 -4 0D-50-E 20 -H a

Up Daown

Load aptions... Save options, ., Up Dawn

Notes
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