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What is Neural Network?

Neural Network is a machine learning model inspired by the biological neural
networks that simulate what our brain does.

Neural Network has several components including the Input Layer, Hidden Layers
and Output Layer:

(1) Input Layer denotes the input variables that will be fed into the network,
(2) Hidden Layers are the computation layers (or parameters) that will be trained,

(3) Output Layer denotes the output of the model. For example, the class label in
classification task or the real number in regression task.



What is Neural Network?

A typical neural network model can be represented as follow:

Hidden




What is Neural Network?

As you can see in the figure, each layer contains different number of nodes.

Usually, the number of nodes in input layer will be the number of how many
input variables while the number of nodes in output layer will be the number of
outputs of the model, i.e, number of classes you have in classification.

The number of nodes in each hidden layer is specified by user.



What is Neural Network?

Besides the structure of the neural network, there are another two core parts of
the network, activation function and cost function.

Activation Function is one of the most powerful cores, which is responsible for
powering Neural Networks. In other words, it decides which neurons will be
activated. Just like our brain, it determines what information would be passed to

further layers.

Without activation functions, the neural networks would not have such a
meaningful representative power.



What is Neural Network?

Sigmoid function, Hyperbolic tangent function and Relu function are
the activation functions widely used in modern neural network models.

Another core part is the cost function. It is used to calculate loss given the true
and predicted results. The aim of the neural network is to minimize this loss. So
cost function is to evaluate how well is our neural network and effectively drives
the learning of neural network towards its goal.

Some of the most famous cost functions are Cross Entropy, which is used
in classification task, and Mean Square Error, which is used in regression task.



What is Neural Network?

Back to this figure, the network with this structure is called Feed-Forward
network or Multi-layer perceptron.
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What is Neural Network?

There are some advanced neural networks with special structure. For example,
the recurrent neural network (RNN) that can be used to handle time-series
(weather of each day) or sequential data (text). Or convolutional neural
network (CNN) that is widely used for handling image.

@
T

fi
vg

Recurrent Neural Network Convolutional Neural Network

<

®© @




What is Neural Network?

Also, there are many transformations of these neural networks. For example,
RNN was developed into Gated Recurrent Unit (GRU) and Long-Short Term
Memory (LSTM). And there are many other advanced neural networks with
different structure proposed in recent years, like Capsule Network, Graph
Neural Network (GNN) and so on.




Neural Network in Weka

In this tutorial, we will focus on building the Multi-layer perceptron using Weka.

You can use Weka to easily construct a neural network and it will help you to
configure most of the setting of it like the activation function and cost function.

All you need is to prepare the data for it.



Preparation for building Neural Network

Before constructing our neural network, again, we first need to prepare our
training data.

Open Weka, choose Explorer in the Weka GUI Chooser
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Preparation for building Neural Network

Click Open file, then open the
bank.csv used in last tutorial

Again, please
remember to change to CSV data
files(*.csv) in file type.

° eka Explore
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Preparation for building Neural Network
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Building Neural Network

Click Classify

_[ Prekooess I Classify T Clustg Tkssociate T Select attributes T Visualize ]
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Current relation

Selected attribute
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Relation: bank
Instances: 4521

Attributes
-

Attributes: 17

Sum of weights: 4521

Name: age
Missing: 0 (0%)

Distinct: 67

Type: Numeric
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Statistic

J

( Al

None

J 1

Invert

J

Pattern

J

No. | | Name

2] job

3 [ marital
4[] education
5[] default

6 [_] balance
7 ] housing
8 [ ] loan

9 ] contact
10 [J day
11 [ month

12 (] duration
13 ] campaign
14 (] pdays

15 [_J previous
16 [ poutcome

17y

Remove

Minimum
Maximum
Mean
StdDev

[Class: y (Nom)

v visualize All |




Building Neural Network

© \Weka Explorer - O X
e o . N . "
C I Te k C h oose [ Preprocess [ Classify | Cluster | Associate | Select attributes | Visualize |
Classifior—___
\ 1
Choose ’Mult ayerPerceptron-L 0.3-M0.2-N500-¥0-S0-E20-Ha-G-R
Test options Classifier output
r N N
() Use training set === Evaluation on test split === A
-
(U Supplied test set Set...
Time taken to test model on test split: 0.01 seconds
() Cross-validation Folds 10
=== Summary ===
(® Percentage split % 66
[ M i ] Correctly Classified Instances 1373 89.3299 %
OISO DRSS Incorrectly Classified Instances 164 10.6701 §
- Kappa statistic 0.364¢6
I Mean absolute error 0.1248
l (Nom)y F Root mean squared error 0.2925
Relative absolute error €0.9491 3%
Stop Root relative squared error 90.949 3
N = Total Number of Instances 1537
Result list (right-click for options)
. ™
=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area
0.968 0.672 0.916 0.968 0.941 0.382 0.817 0.965
0.328 0.032 0.578 0.328 0.418 0.382 0.817 0.44¢
Weighted Avg. 0.893 0.597 0.876 0.893 0.880 0.382 0.817 0.905
=== Confusion Matrix ===
a b  <-- classified as
1314 43 | a = no
121 59 | b = yes
«
Status

o




Building Neural Network

Under

classifiers->functions

select MultilayerPerceptron

&9 Weka Explorer - n) X

[ Preprocess I.Classm_l Cluster TAssodale T Seledt attributes T Visualize ]

Classifier

'Gweka -E20-Ha-G-R
v G dassifiers
e > (@ bayes put ~
¥ (& tunctions -
[—_L jation on test split === A
-
EE Pn to test model on test split: 0.0l seconds
“| Logistic

[* scDTen
5
[ simpleLogistic
[* smo
O
| %) votedPerceptron
> (8 1azy
> ([ meta
L ﬁ misc
> ﬁ rules

> (i@ trees

- N emll P

ry ===

Classified Instances 1373
1y Classified Instances 164

tistic 0.384¢
lute error 0.1248
squared error 0.2928
absolute error €0.5451 %
tive sguarsd error 90,949 %

r of Instances 1537

Lled Accuracy By Class ===

IP Rate FP Rate Precision Recall

0.5¢68 0.672 0.91¢ 0.9¢6¢8
0.328 0.032 0.57¢ 0.328
Avg. 0.883 0.597 0.87¢ 0.893

asion Matrix ses

b <-- classified as

13 | a = no
59 | b =« yes

89.3299 %
10.6701 %

F-Measure MCC ROC Area PRC Area

0.941 0.382 0.317 0.96S
0.418 0.3%2 0.817 0.44¢€
0.880 0.332 0.817 0.905




Building Neural

Network

Click on the text near Choose
to access to the configuration

& Weka Ex

O X
[ Preprocess | Classify | Cluster | Associate | Select attributes | Visualize |
Classifier
( — ———
| CnGse | MultilayerPerceptron -L 0.3-M 0.2-N 500-V0-6 0-E 20-Ha-6 -R_D
e —— L —
Test options Classifier output
f N
(U Use training set === Evaluation on test split === A
- -
() Supplied test set Set...
Time taken to test model on test split: 0.01 seconds
() Cross-validation Folds 10
=== Summary ===
(® Percentage split % 66
[ " i ] Correctly Classified Instances 1373 89.3299 3
DRBlORIONSSS Incorrectly Classified Instances 164 10.6701 $
_ Kappa statistic 0.364¢6
I Mean absolute error 0.1242
{(Nonny r Root mean squared error 0.2925
Relative absolute error €0.9491 3
Start Stop Root relative squared error 90.949 %
Total Number of Inst 1537
Result list (rightclick for options) ora ¥ of instances
" & N
=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area
0.968 0.672 0.91¢ 0.968 0.941 0.382 0.817 0.965
0.328 0.032 0.578 0.328 0.418 0.382 0.817 0.44¢
Weighted Avg. 0.893 0.597 0.87¢ 0.893 .88 0.382 0.817 0.905

=== Confusion Matrix ===

a b <-- classified as
1314 43 | a = no
121 59 | b = yes




Building Neural Network

Here is the configuration of Multilayer Perceptron.

The default value of HiddenLayers is “a” which means
Weka will help you to setup the hidden layers. You can
also specify how many layer and how many nodes of
each hidden layer. For example, type in 10,5,2 means 3
hidden layers with 10, 5, 2 nodes respectively.

trainingTime means how many iterations we want to
train through. Let set it from 500 to 100.

Then, click OK

€ weka.gui.GenericObjectEditor
weka.classifiers.functions.MultilayerPerceptron

About

] { A classifier that uses backpropagation to learn a multi-layer More

perceptron to classify instances. ( ~
Capabilities

GUI |False v
autoBuild [True m
batchSize 100
debug | False v
decay |False v
doNotCheckCapabiliies | False v
hiddenLayers a
learningRate 0.3
momentum 0.2
nominalToBinaryFilter [True m
normalizeAttributes [True m
normalizeNumericClass [True m
numDecimalPlaces 2
reset |True v
resume |False v

seed 0

validationSetSize 0

validationThreshold 20

[ Open... J[ Save... | | Cancel J




Building Neural Network

In the Test options here, we
simply use percentage split 66%
as our testing option.

O vekat

[ Preprocess | Classify | Cluster | Associate | Selectattributes | Visualize |

A\

Classifier
p-

[ Choose ]IMuItiIayerPerceptron -L03-M02-N100-¥0-S0-E20-Ha

Test options
L
() Use training set
() Supplied test set Set...

() Cross-validation Folds 10

Classifier output
s N &

{_ ® Percentage split % |66
~——

[ More options... ]
l (Nom)y

' Start ‘ Stop

Result list (right-click for options)

15:15:46 - functions.MultilayerPerceptron
15:16:02 - functions.MultilayerPerceptron
15:16:14 - functions.MultilayerPerceptron
15:16:34 - functions.MultilayerPerceptron
15:16:44 - functions.MultilayerPerceptron

:02 - functions.MultilayerPerceptron

=== Evaluation on test split ===

Time taken to test model on test split: 0.01 seconds

=== Summary ===

Correctly Classified Instances 1357
Incorrectly Classified Instances 180

Kappa statistic 0.3831
Mean absolute error 0.1272
Root mean squared error 0.3118
Relative absolute error €2.0979 %
Root relative squared error 96.966 %
Total Number of Instances 1537

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall

0.94¢ 0.594 0.923 0.94¢6
0.406 0.054 0.500 0.406
Weighted Avg. 0.88 0.531 0.874 0.883

=== Confusion Matrix ===

a b  <-- classified as
1284 73 | a = no
107 73 1 b = yes

88.2889 %

11.7111 %

F-Measure MCC

0.934
0.448

0.878

0.386
0.386
0.386

ROC Area
0.830
0.830
0.830

PRC Area Cla

0.968 no
0.416 yes|
0.904

T

Status




Building Neural Network

Click Start to start our neural
network construction

€ WekaE er

[ Preprocess | Classify | Cluster | Associate | Selectattributes | Visualize |

Classifier
-

Choose IMuItilayerPerceptron -L03-M02-N100-¥0-S0-E20-Ha

Time taken to test model on test split: 0.01 seconds
(O Cross-validation Folds 10

=== Summary ===
(® Percentage split % |66
[ — ] Correctly Classified Instances 1357 88.2889 %
Incorrectly Classified Instances 180 11.7111 $
Kappa statistic 0.3831
I Mean absolute error 0.1272
l (Nom)y B Root mean squared error 0.3118
e Relative absolute error €2.0979 %
Start ) Stop Root relative squared error 96.966 3%
RosultksT{nONECHCK foropfions) Total Number of Instances 1537
-

15:15:46 - functions.MultilayerPerceptron === Detailed hecuracy By Class ===

15:16:02 - functions. MultilayerPerceptron TP Rate FP Rate Precision Recall F-Measure MCC

15:16:14 - functions.MultilayerPerceptron 0.946  0.594  0.923 0.946  0.934 0.386
15:16:34 - functions.MultilayerPerceptron 0.406  0.054  0.500 0.406  0.448 0.386
15:16:44 - functions.MultilayerPerceptron Weighted Avg. 0.88 0.531 0.874 0.883 0.878 0.386

15:21:02 - functions.MultilayerPerceptron

=== Confusion Matrix ===

a b  <-- classified as
1234 73 | a = no
107 73 | b = yes

ROC Area
0.830
0.830
0.830

Test options Classifier output

r N
(U Use training set === Evaluation on test split === A
- -
() Supplied test set Set...

PRC Area Cla

0.968 no
0.41¢6 yes|
0.904

Status




Building Neural Network

Since neural network requires much more computation power compared with
decision tree and logistic regression. We need to wait Weka to train our model.
The training time depends on the number of parameters (number of layers and

number of nodes in each layer), number of iterations and number of data we
have.




Viewing the Classifier output

Afte r t h e t ra i n i n g i S fi n iS h e d . Th e [Preprocess TCIassifyT Cluster T Associate T Select attributes T Visualize]

Classifier
-~

-
L] —
resu It IS S h own on t h e | choose J|MultilayerPerceptmn -L0.3-MO.2-N100-V0-50-E20-Ha
. \ ' . )
rlght pa nel Test options Classifier output
. r N N
(U Use training set === Evaluation on test split === A
— a
() Supplied test set Set..
Time taken to test model on test split: 0.01 seconds
() Cross-validation Folds 10
— === Summary ===
(® Percentage split % 66
[ M i J Correctly Classified Instances 1357 88.2889 %
Th f ORERDERIORSHS Incorrectly Classified Instances 180 11.7111 %
e a Ccu ra Cy O . Kappa statistic 0.3831
Mean absolute error 0.1272
d I H 88 28890/ l (Nom)y I’ Root mean squared error 0.3118
O u r l I |O e IS . 0 D — Relative absolute error €2.0979 %
Start Stop Root relative squared error 96.966 %
Total Numbe £ Inst 1537
Result list (right.click for options) ore ¥ oF instances
P
15:15:46 - functions MultilayerPerceptron = feratied Saousscy By Class ==
15:16:02 - functions. MultilayerPerceptron TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Clal
15:16:14 - functions.MultilayerPerceptron 0.946 0.594 0.923 0.946 0.934 0.386 0.830 0.968 no
15:16:34 - functions.MultilayerPerceptron 0.408 0.054 0.500 0.40¢ 0.448 0.3386 0.830 0.41¢ yes
15:16:44 - functions.MultilayerPerceptron Weighted Avg. 0.883 0.531 0.874 .88 0.878 0.38¢ 0.830 0.904
15:21:02 - functions.MultilayerPerceptron Confusion Matrd
=== t! ===
15:26:37 - functions MultilayerPerceptron onrusion Serrx
a b  <-- classified as
1284 73 1 a = no
107 73 1 b = yes




Save Neural Network Model

Suppose we want to save the
trained multilayer perceptron
model.

In the result list, right click the
model

Click Save model

Weka Explorer

Preprocess ClassifyT Cluster T Associate T Select attributes T Visualize ]

Classifier
p-

Choose ’MultilayerPerceptron -L0.3-M0.2-N100-VO-SO-E20-Ha

Test options
p

Classifier output
~

- Trrpu
QO Use training set Node 1
(O Supplied test set Set...

() Cross-validation Folds 10 Time taken
® Percentage split % 66 === Evalua
[ More options... ] Time taken

i === Summar
Nom

[ ( )Y " ] Correctly

Incorrectl
Result list (right-click for options) Mean absol
p

16:19:35 - functions.MultilaverPercentron

Root mean
W Relative a

View in main window
View in separate window
Save result buffer

Delete result buffer(s)

Status

to build model: 7.51 seconds

tion on test split ===

to test model on test split: 0.05 seconds

y ===

Classified Instances 1357 88.2889 %
y Classified Instances 180 11.7111 %
istic 0.3831

ute error 0.1272

squared error 0.3118

bsolute error 62.0979 %

ive squared error 96.966 %

er of Instances 1537

ed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure MCC

ROC Area PRC Area Cl

0.946 0.594 0.923 0.946 0.934 0.386 0.830 0.968 no
0.406 0.054 0.500 0.406 0.448 0.386 0.830 0.416 ye
vg. 0.883 0.531 0.874 0.883 0.878 0.386 0.830 0.904
Re=—evamate model on current test set
Re-apply this model's configuration ion Matrix ===
Visualize classifier errors <—— classified as
Visualize tree | a =no
Visualize margin curve | b = yes
Visualize threshold curve > ‘
. v
Cost/Benefit analysis > e T
Visualize cost curve >

(o




Save Neural Network Model

® 0 Save
Look In: | & Desktop Y (@] (@] (@] (s

Select a location and enter a
filename such as mlp, click

ﬁ CourseProject
ﬁenggz450

ﬁ Forum_Subjectivity

ﬁ PostsWithLabels

. ﬁQualify

Save Our model is now saved t0 | @ summarization pataset

ﬁ testSignificanceNLP-master

the file ”mlp.mOdEI". ﬁVisuaIStudioCode.app

ﬁ weka-3-8-4-azul-zulu.app
@ eLzEaTE

=1t 3@

File Name: 'mlp

Files of Type: [Model object files B

[ Save ] [ Cancel ]




Load Neural Network Model

[ NON ) Weka Explorer
[ PreprocessT Classify T Cluster TAssociate T Select attributes T Visualize ]

Suppose we want to use our
trained model to make | Choose | MultilayerPerceptron -L 0.3 -M 0.2 -N 100 -V 0 5.0 -E 20 -H a

d . . Test options Classifier output
r ™
p re I Ct I O n . (O Use training set Tripa =
Node 1 E
O Supplied test set Set...
() Cross-validation Folds 10 Time taken to build model: 7.51 seconds
® Percentage split % 66 === Evaluation on test split ===
[ More options... ] Time taken to test model on test split: 0.05 seconds
L] L] L] L
Right click on the Result list and
(Nom) y " s
. Correctly Classified Instances 1357 88.2889 %
Incorrectly Classified Instances 180 11.7111 %
click Load model, select the
. . . . Mean absolute error 0.1272
. . rResuIt list (right-click for options) Root mean squared error 0.3118
l I |O e Save I n t e p reVI O us v . = Relative absolute error 62.0979 %
16:19:35 - functions.MultilayerPerceptron Root relative squared error 96.966 %
mber of Instances 1537

slide "mlp.model"
p ° ° View in separate window ailed Accuracy By Class ===

Save result buffer

TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Cl
0.946 0.594 0.923 0.946 0.934 0.386 0.830 0.968 no
0.406 0.054 0.500 0.406 0.448 0.386 0.830 0.416 ye
Avg. 0.883 0.531 0.874 0.883 0.878 0.386 0.830 0.904
Re-evaluate model on current test set fusion Matrix ===

Re-apply this model's configuration

b <— classified as

Visualize classifier errors 73 | a=no

Visualize tree 73 | b = yes

Visualize margin curve

Visualize threshold curve > v
Cost/Benefit analysis 4 ) ">

Visualize cost curve

Status

oK



Load Neural Network Model

Now, the model is loaded, and
we can see some information on
the right panel.

Weka Explorer

[ Preprocess T CIassifyT Cluster TAssociate T Select attributes T Visualize ]

Classifier
-

l Choose l’MuItiIayerPerceptron -L0.3-M0.2-N100-V0-SO0-E20-Ha

Test options
P

Classifier output
N

(O Use training set

(O Cross-validation Folds 10

O Supplied test set Set...

(® Percentage split % 66

[ More options...

[ Start ]

Result list (right-click for options)

Stop

16:19:35 - functions.MultilayerPerceptron

16:48:15 - functions.MultilayerPerceptron from file 'mlp.model'

moTT I

Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Class no
Input
Node 0
Class yes
Input
Node 1

AN

Tacarice UTOUUT LT IO YU IO

housing=yes -1.4923344368648859
loan=yes -1.5293067227438941
contact=cellular -0.7415116453460897
contact=unknown 2.7404238573995556
contact=telephone -1.570968805807948
day -2.380702071349557

month=oct 0.6932295963662498
month=may 2.316214182703905
month=apr 0.9428067042393896
month=jun -0.9058930661919828
month=feb 1.673129375096913
month=aug 0.0679453239448246
month=jan -1.4806764133176682
month=jul 0.08891962476388945
month=nov 0.20809718230681046
month=sep 0.3296234457400896
month=mar 1.0491649548876854
month=dec -1.3606277870144652
duration -3.4687799084127087
campaign 1.0395747787417697
pdays -1.9760996315704245

1.3040498276772658
-3.2094794371569075
2.5521276981914958

-0.30169478390609117
1.7482511633919788

previous
poutcome=unknown
poutcome=failure
poutcome=other

poutcome=success

Status

oK




Evaluate Model on New Data

We want to evaluate our model
on a new dataset.

Select the Supplied test set
option in the Test options pane.

Weka Explorer

Preprocess ClassifyT Cluster TAssociate T Select attributes T Visualize ]

Classifier
=

Choose ‘MultilayerPerceptron -L0.3-M0.2-N100-V0O-SO-E20-Ha

Test options
P

Classifier output
N

() Cross-validation Folds 10

() Percentage split % 66

Wﬂmg—sﬂ.\
: @ Supplied test set [ ) Set... ]
\/

[ More options... ]

[ Start J Stop

Result list (right-click for options)
L

16:19:35 - functions.MultilayerPerceptron

16:48:15 - functions.MultilayerPerceptron from file 'mlp.model'

Attrib housing=yes
Attrib loan=yes
Attrib contact=cellular
Attrib contact=unknown 2.7404238573995556
Attrib contact=telephone -1.570968805807948
Attrib day -2.380702071349557
Attrib month=oct 0.6932295963662498
Attrib month=may 2.316214182703905
Attrib month=apr 0.9428067042393896
Attrib month=jun -0.9058930661919828
Attrib month=feb 1.673129375096913
Attrib month=aug 0.0679453239448246
Attrib month=jan -1.4806764133176682
Attrib month=jul 0.08891962476388945
Attrib month=nov 0.20809718230681046
Attrib month=sep 0.3296234457400896
Attrib month=mar 1.0491649548876854
Attrib month=dec -1.3606277870144652
Attrib duration -3.4687799084127087
Attrib campaign 1.0395747787417697
Attrib pdays -1.9760996315704245
Attrib previous 1.3040498276772658
Attrib poutcome=unknown -3.2094794371569075
Attrib poutcome=failure 2.5521276981914958
Attrib poutcome=other -0.30169478390609117
Attrib poutcome=success 1.7482511633919788
Class no
Input
Node 0@
Class yes
Input
Node 1

USOUT LT OO U IU

-1.4923344368648859
-1.5293067227438941
-0.7415116453460897

<

T

Status
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Evaluate Model on New Data

Click Set, click the Open file on the options window and select the new dataset
we just created with the name "bank-additional-test.arff".

® O Test Instances
For the Class, selecty
Relation: bank-new Attributes: 17
Instances: ? Sum of weights: ?
Then, Click Close Open file... [ Open URL... ]
Class [(Str) y v




Evaluate Model on New Data

[ NON J Weka Explorer

R H h t I M k t h I H t M t f Preprocess CIassifyT Cluster TAssociate T Select attributes T Visualize ]
I8NT CIICK ONn the lIst Item 10r E——
[ o ™
O u r I Oa d ed m Od e I i n t h e Choose ‘MultilayerPerceptron -L0.3-M0.2 -N100-VO0-S0-E20-Ha
Re S u ItS I i St Test options Classifier output
. n ~,
. - Ao v e L ]
O Use training set Attrib housing=yes  —1.4923344368648859 2
(® Supplied test set [ Set... ] Attrib loan=yes -1.5293067227438941
Attrib contact=cellular -0.7415116453460897
() Cross-validation Folds 10 Attrib contact=unknown 2.7404238573995556
Attrib contact=telephone -1.570968805807948
() Percentage split % 66 Attrib day —-2.380702071349557
Attrib month=oct 0.6932295963662498
[ More options... ] Attrib month=may  2.316214182703905
| Attrib month=apr 0.9428067042393896
Choose Re-evaluate model on Attrib monthejun  -p.9058930661919628
[ (Nom) y t] Attrib month=feb  1.673129375096913
Attrib month=aug 0.0679453239448246
C u r re nt te St Set Attrib month=jan  -1.4806764133176682
[ Start ] Stop Attrib month=jul  0.08891962476388945
Result list (right-click f i ) Attrib month=nov 0.20809718230681046
gEsSUthIStingnt=ceaaroroptions Attrib month=sep  0.3296234457400896
o - - Attrib month=mar 1.0491649548876854
16:58:25 - functions.MultilayerPerceptron Attrib month=dec —1.3606277870144652
165901 — functions MuiltilavarDarcantran fram fila 'mln madal' Attrlb duration _3'4687799084127087
View in main window Attrib campaign 1.0395747787417697
View/inseparate\window, Attrib pdays ~ -1.9760996315704245
S It buffer Attrib previous 1.3040498276772658
Qvelresy Attrib poutcome=unknown  —3.2094794371569075
Delete result buffer(s) Attrib poutcome=failure 2.5521276981914958
Attrib poutcome=other —-0.30169478390609117
Load del
oad mode Attrib poutcome=success  1.7482511633919788
| —Servemodel e
oes ~.Class no
< Re-evaluate model on current test set > Input
—Re—apaly this model's confiquration— | Node 0
Class yes
Visualize classifier errors Input
Visualize tree Node 1
Visualize margin curve
Visualize threshold curve > <@ v \v
Cost/Benefit analysis > - . —
Status Visualize cost curve

Problem evaluating classifier




Evaluate Model on New Data

[ NON J Weka Explorer

. . Preprocess CIassifyT Cluster TAssociate T Select attributes T Visualize ]
After the evaluation is
f 8
f- . h d Th I . h Choose ‘MultilayerPerceptron -L0.3-M0.2-N100-V0O-S0-E20-Ha
Inisned. e result Is shown ~
Test options Classifier output
. r n .Y
£ 1nput
on the right panel. O s waing e [
@® Supplied test set [ Set... ] Class yes
Input
(O Cross-validation Folds 10 Node 1
() Percentage split % 66
=== Re-evaluation on test set ===
[ More options... ]
\ ) User supplied test set
Relation: bank-additional-new
e a CC u ra Cy O [ (Nom) y ’v] Instances: unknown (yet). Reading incrementally
Attributes: 21
L]
our model is 66.1% [ )
.
Result list (right-click f ti
resu ist (right-click for options) ~ Correctly Classified Instances 1322 66.1 %
PP N N Incorrectly Classified Instances 678 33.9 %
17:11:09 - functions.MultilayerPerceptron Kappa statistic 0.322
17:14:21 - functions.MultilayerPerceptron from file 'mlp.model' Mean absolute error 0.3443
Root mean squared error 0.5385
Total Number of Instances 2000
=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall F-Measure MCC
0.875 0.553 0.613 0.875 0.721 0.356
0.447 0.125 0.781 0.447 0.569 0.356
Weighted Avg. 0.661 0.339 0.697 0.661 0.645 0.356
=== Confusion Matrix ===
a b <— classified as
875 125 | a=no
553 447 | b = yes
v
< J T

Status

oK




Make Predictions on New Data

If we want to make prediction
on the new data, instead of
evaluate on certain metrics,
click the More options... to
bring up options for
evaluating the classifier.

Weka Explorer

Preprocess ClassifyT Cluster TAssociate T Select attributes T Visualize ]

Classifier
=

Test options
P

Choose ‘MultilayerPerceptron -L0.3-M0.2-N100-V0O-SO-E20-Ha

Classifier output
N

() Use training set

@ Supplied test set [ Set...

() Cross-validation Folds 10

() Percentage split % 66

/\
[ & More options... )
————

[ (Nom) y

[ Start J

Result list (right-click for options)
L

Stop

16:19:35 - functions.MultilayerPerceptron

16:48:15 - functions.MultilayerPerceptron from file 'mlp.model'

oo I

Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Attrib
Class no
Input
Node 0@
Class yes
Input
Node 1

<

wotaTTee USOUT LT OO U IU

housing=yes -1.4923344368648859
loan=yes -1.5293067227438941
contact=cellular -0.7415116453460897
contact=unknown 2.7404238573995556
contact=telephone -1.570968805807948
day -2.380702071349557

month=oct 0.6932295963662498
month=may 2.316214182703905
month=apr 0.9428067042393896
month=jun -0.9058930661919828
month=feb 1.673129375096913
month=aug 0.0679453239448246
month=jan -1.4806764133176682
month=jul 0.08891962476388945
month=nov 0.20809718230681046
month=sep 0.3296234457400896
month=mar 1.0491649548876854
month=dec -1.3606277870144652
duration -3.4687799084127087
campaign 1.0395747787417697
pdays -1.9760996315704245
previous 1.3040498276772658
poutcome=unknown -3.2094794371569075

poutcome=failure
poutcome=other
poutcome=success

2.5521276981914958
-0.30169478390609117
1.7482511633919788

T

Status

oK




Make Predictions on New Data

Uncheck the the following information:

o Qutput model

o Qutput per-class stats

o Qutput confusion matrix

o Store predictions for visualization

o Collect predictions for evaluation based
on AUROC, etc.

For Output predictions, choose PlainText

Click OK

| NON | Classifier evaluation options

(] Output model

() Output models for training splits

(] Output per-class stats

0 Output entropy evaluation measures

D Output confusion matrix

(L] Store test data and predictions for visualization

(] Collect predictions for evaluation based on AUROC, etc.

(] Error plot point size proportional to margin

Output predictionsl Choose 'PIainText

[:] Cost-sensitive evaluation  Set...
Random seed for XVal / % Split 1
(] Preserve order for % Split

Output source code WekaClassifier

[ Evaluation metrics...

( oK




Make Predictions on New Data

[ NON J Weka Explorer

R H h t I M k t h I H t M t f Preprocess CIassifyT Cluster TAssociate T Select attributes T Visualize ]
I8NT CIICK ON e st Iitem 1or E——
r ~
O u r I Oa d ed m Od e I i n t h e Choose ‘MultilayerPerceptron -L0.3-M0.2 -N100-VO0-S0-E20-Ha
Re S u ItS | i St Test options Classifier output
- ~ ~
. - Ao v e S e
O Use training set Attrib housing=yes  —1.4923344368648859 2
(® Supplied test set [ Set... ] Attrib loan=yes -1.5293067227438941
Attrib contact=cellular -0.7415116453460897
() Cross-validation Folds 10 Attrib contact=unknown 2.7404238573995556
Attrib contact=telephone -1.570968805807948
O Percentage split % 66 Attrib day -2.380702071349557
Attrib month=oct 0.6932295963662498
[ More options... ] Attrib month=may  2.316214182703905
| Attrib month=apr 0.9428067042393896
Choose Re-evaluate mode Attrib monthejun  -p.9058930661919628
[ (Nom) y t] Attrib month=feb  1.673129375096913
. Attrib month=aug 0.0679453239448246
acaln on curre nt test Set Attrib month=jan  -1.4806764133176682
[ Start ] Stop Attrib month=jul  ©.08891962476388945
Result list (right-click f i ) Attrib month=nov 0.20809718230681046
gEsSUthIStingnt=ceaaroroptions Attrib month=sep  0.3296234457400896
- - Attrib month=mar 1.0491649548876854
16:58:25 - functions.MultilayerPerceptron Attrib month=dec —1.3606277870144652
165901 — functions MultilaviarDarcantran fram fila 'mln madal' Attrlb duration _3'4687799084127087
View in main window Attrib campaign 1.0395747787417697
View/inseparate\window, Attrib pdays  -1.9760996315704245
S It buff Attrib previous 1.3040498276772658
QueiresLtburer Attrib poutcome=unknown  —3.2094794371569075
Delete result buffer(s) Attrib poutcome=failure  2.5521276981914958
Attrib poutcome=other —-0.30169478390609117
Load del
oad mode Attrib poutcomessuccess  1.7482511633910788
| —Servemodel e
oes ~.Class no
< Re-evaluate model on current test set > Input
—Re—apply this model's configuration——" i Node @
Class yes
Visualize classifier errors Input
Visualize tree Node 1
Visualize margin curve
Visualize threshold curve > ik v \v
| Cost/Benefit analysis » | B % -
Status Visualize cost curve

Problem evaluating classifier




Make Predictions on New Data

The predictions for each test
instance are then listed in the
Classifier Output.

Specifically, the middle
column of the results is the
predicted label which is "yes"
or "no".

[ NON ) Weka Explorer
Preprocess CIassifyT Cluster TAssociate T Select attributes T Visualize 1
Classifier
Choose | MultilayerPerceptron -L 0.3 -M 0.2 -N 100 -V 0 -S0 -E20 -H a
Test options Classifier output
r P -
() Use training set 104 1ino lino 1 :
@® Supplied test set [ Set... ] 105 1:no l:ino 0.999
106 1:no 1l:no 1
() Cross-validation Folds 10 107 1:no 1:no 1
_ 108 1:no 1:no 0.999
QO Percentage split % 66 109 2:yes 2:yes 0.999
110 1:no 1l:no 0.946
[ More options... ] 111 2:yes 2:yes 0.988
J 112 1l:no 1l:no 1
i 113 1:no 1:no 1
[ (Nom).y t] 114 1:no 1:no 1
115 2:yes 1:no 0.638
116 2:yes 1:no 0.999
[ Start ] Stop 117 1:no 1:no 1
. . . . 118 1:no 1:no 1
'Result list (right-click for options) . 119 1ino 1o 1
- - 120 1l:no 1l:no 1
16:58:25 - functions.MultilayerPerceptron 121 1:n0 1:no 0.639
16:59:01 - functions.MultilayerPerceptron from file 'mlp.model’ 122 1:no 1:no 1
123 1:no 1l:no 1
124 1:no 1l:no 0.991
125 1:no 1:no 0.995
126 2:yes 2:yes 0.999
=== Summary ===
Correctly Classified Instances 116 92.0635 %
Incorrectly Classified Instances 10 7.9365 %
Kappa statistic 0.6907
Mean absolute error 0.0791
Root mean squared error 0.2383
Total Number of Instances 126
v
<« J T

Status

oK

1‘“0




Momentum in Neural Network

In the configuration of neural network, we can see a momentum here. It is
related to the optimization of the neural network. Let's briefly understand what
is it in some illustrations.




Momentum in Neural Network

In neural networks, we use gradient descent optimization algorithm to minimize
the cost function to reach a global minimum. In an ideal situation, the cost
function would look like this.

/

So we are guaranteed to find the global optimum because there is no local
minimum where the optimization can get stuck.




Momentum in Neural Network

However, that is not easy. In real world, the cost function looks like more complex
which comprise of several local minima and may look like this

In this case, it gets stuck in a local minimum easily and the optimization algorithm
may think we already reach the global minimum which leads to sub-optimal
results.



Momentum in Neural Network

To avoid this situation, we add a momentum when updating the parameters, which
is a value between 0 and 1 that increases the size of the steps taken towards the
minimum by trying to jump from a local minimum.




Momentum in Neural Network

For more details about the optimization of neural network, you can find out
more recourses in some optimization courses.




Building Neural Network using GUI

Let u S i nve St i ga te m O re CO n fi g u ra ti O n Of weka.classifiers.functions.MultilayerPerceptron

About

the neural network. | \
A classifier that uses backpropagation to learn a multi-layer More
perceptron to classify instances. , \
Capabilities

Change GUI from False to True. This will @

autoBuild | True

provide a GUI windows after clicking waensie |10
Sta rt. debug |False ]:]

decay [False m

& & |

doNotCheckCapabilities | False l v]

hiddenLayers a

Click OK to close the configuration.

learningRate 0.3

momentum 0.2

nominalToBinaryFilter | True

& &

normalizeAttributes | True

normalizeNumericClass (True m

numDecimalPlaces 2




Building Neural Network using GUI

Leave other setting as the same
as previous slides.

Click Start

Q wekat

[ Preprocess | Classify | Cluster | Associate | Selectattributes | Visualize |

Classifier
-

[ Choose JIMuItiIayerPerceptron -L03-M02-N100-¥0-S0-E20-Ha

Test options
L

() Use training set
() Supplied test set Set...
(O Cross-validation Folds 10

(® Percentage split % |66

[ More options...
l (Nom)y
e —
Start )} Stop
Result list (right-click for options)
-

15:15:46 - functions MultilayerPerceptron
15:16:02 - functions MultilayerPerceptron

Classifier output
W 4

=== Evaluation on test split ===

Time taken to test model on test split: 0.01 seconds

=== Summary ===

Correctly Classified Instances 1357
Incorrectly Classified Instances 180

Kappa statistic 0.3831
Mean absolute error 0.1272
Root mean squared error 0.3118
Relative absolute error €2.0979 %
Root relative squared error 96.966 %
Total Number of Instances 1537

=== Detailed Accuracy By Class ===

88.2889 %
11.7111 %

T

TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area C(Cla

15:16:14 - functions.MultilayerPerceptron 0.946  0.594 0.923 0.946  0.934 0.386 0.830 0.9€3 no
15:16:34 - functions MultilayerPerceptron 0.4086 0.054 0.500 0.4086 0.448 0.386 0.830 0.41¢6 yes|
15:16:44 - functions.MultilayerPerceptron Weighted Avg. 0.88 0.531 0.874 0.883 0.878 0.386 0.830 0.904
15:21:02 - functions.MultilayerPerceptron

=== Confusion Matrix ===

a b  <-- classified as
1284 73 | a = no
107 73 | b = yes
4
- J T

Status




Building Neural Network using GUI

A GUI window will be shown. - 3

Here, you can see the structure of the
neural network.

Also, you can change some of

the configurations here like number
of Epochs (trainingTime), Learning
Rate and Momentum.

Controls
Epoch 0

Stan ebaly
Num Of Epochs 100
AccePt | Errorper Epoth=0

Leaming Rate= 03




Building Neural Network using GUI

You can click Start to start training.  * 3




Building Neural Network using GUI

You can click Stop to A
stop training.
Also, the current epoch
and error per epoch will
be updated continuously ’
after each epoch.

F‘v

|_stop | =D 1 B Learning Rate = 0 7

Num Of Epochs 100

Accept Etror per Epoch = 0.045265




Building Neural Network using GUI

You can click Accept to finish
training although the training has
not reached the 100 epochs.




Building Neural Network using GUI

€ Weka Explorer - O
. - " " ” "
Afte r yo u C I I C k Acce pt t h e re S u It [ Preprocess TCIassﬁyT Cluster T Associate T Select attributes T Visualize ]
’ Classifier
. . [ B
will be shown on the right panel, | Cewss juuomracomon Losnoznionvosoeanna
1 1 1 1 Testopt Classifie t )
es ns rou
. r Y 2
: optio tpu
(U Use training set === Evaluation on test split === A
- -
() Supplied test set Set..
Time taken to test model on test split: 0.01 seconds
() Cross-validation Folds 10
— === Summary ===
(® Percentage split % 66
( M i ) Correctly Classified Instances 1357 88.2889 %
l ORERDERIORSHS J Incorrectly Classified Instances 180 11.7111 %
Kappa statistic 0.3831
Mean absolute error 0.1272
l (Nom)y I’ Root mean squared error 0.3118
N Relative absolute error 62.0979 %
Start Stop Root relative squared error 96.966 %
Total Numbe £ Inst 1537
Result list (right.click for options) ore ¥ oF instances
P
15:15:46 - functions MultilayerPerceptron = feratied Saousscy By Class ==
15:16:02 - functions. MultilayerPerceptron TP Rate FP Rate Precision Recall F-Measure MCC ROC Area PRC Area Clal
15:16:14 - functions.MultilayerPerceptron 0.946 0.594 0.923 0.946 0.934 0.386 0.830 0.968 no
15:16:34 - functions.MultilayerPerceptron 0.408 0.054 0.500 0.40¢ 0.448 0.3386 0.830 0.41¢ yes
15:16:44 - functions.MultilayerPerceptron Weighted Avg. 0.883 0.531 0.874 .88 0.878 0.38¢ 0.830 0.904
15:21:02 - functions.MultilayerPerceptron Confusion Marri
15:26:37 - functions.MultilayerPerceptron 77T Contusien Marmix ===
a b <-- classified as
1284 73 1 a = no
107 73 1 b = yes




Building Neural Netvvork usmg GU\

weka.gui.Generi

As mentioned in previous slides, you

weka.classifiers.functions.MultilayerPerceptron

can specify the number of hidden About
Iayers and the nOdeS Of eaCh Iayer If 'Aclassiﬁerthatuses backpropagation to learn a multi-layer | More |
you tu rn On the GUI mOde, you Can perceptron to classify instances. m
easily to verify it. | ,
GUI |True v
autoBuild | True v
Let's change the hiddenlLayers to 5,3,2 batensize 100

debug [False

= &

decay [False

C||Ck OK doNotCheckCapabilities | False M

iddenLayers 5, 3,2

learningRate '0.3




Building Neural Network using GUI

After clicking Start, you can see now
your network has 3 hidden layers

where 5 nodes in layer 1, 3 nodes in
layer 2 and 2 nodes in layer 3.

St
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S
iy
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RS

L [ 75507
1177757
Wiy 7777

i
i =



Remarks on Neural Network

The performance of the neural network can be easily affected by the setup of
the hyperparameters. The hyperparameters include the number of hidden
layers, number of nodes, learning rate, momentum, batch size, etc. To achieve a
better performing neural network always requires tons of hyperparameters
tuning. You can play with different hyperparameters setting and investigate
which combination can achieve a better result.




Clustering Algorithms with Weka

A clustering algorithm finds groups of similar instances in the entire dataset.
WEKA supports several clustering algorithms such as EM, FilteredClusterer,
HierarchicalClusterer, SimpleKMeans and so on. You should understand these

algorithms completely to fully exploit the WEKA capabilities.

As in the case of classification, WEKA allows you to visualize the detected
clusters graphically.




Clustering Algor

thms with Weka

After loading data into
Explorer, click Cluster

€@ Weka Exp

_[ Preprocess I @assify T Cluster T Assoc})te T Select attributes T Visualize ]

d

| Openfile... \n'——umam J L

OpenDB.. ||  Generate. || Undo

Save... j

J [ Edit.. J [

Filter
-

)

(pemy | sop

[ Choose ]|Standardize

Current relation Selected attribute
- -

Attributes: 17
Sum of weights: 4521

Relation: bank
Instances: 4521

Name: age
Missing: 0 (0%)

Type: Numeric

Distinct: 67 Unique: 4 (0%)

Attributes Statistic
e

B Minimum
Maximum
Mean
StdDev

None J [ Invert J [ Pattern J

LA I

No. | | Name

2] job
3 [ marital
4[] education

5[] default

6 [_] balance

7 (] housing [Class: y (Nom)

v visualize All |

8 [ ] loan

9 ] contact
10 [J day
11 [ month
12 (] duration
13 ] campaign
14 (] pdays
15 [ previous
16 [ poutcome

17y

Remove

Status




Clustering Algorithms with Weka

[ JON | Weka Explorer

H | [ Preprocess T Classify T Cluster T Associate T Select attributes T Visualize ]
Click Choose :

N\
[ Choose ]‘EM —)100 -N-1-X10 -max -1 -ll-cv 1.0E-6 -ll-iter 1.0E-6 -M 1.0E-6 -K 10 -num-slots 1 -S 100

Cluster mode Clusterer output
f ™

(® Use training set
(O Supplied test set Set...

() Percentage split % 66
(O Classes to clusters evaluation

(Nom) y v
[V] store clusters for visualization

[ Ignore attributes ]

[ Start ] Stop

Result list (right-click for options)
-

Status

o




Clustering Algorithms with Weka

Weka Explorer

U n d e r CI u Ste re rs [ PreprocessT Classify T Cluster T Associate TSeIect attributes T Visualize ]
Clusterer

v Eweka

choose EM 7 i

12 ()

EM

FilteredClusterer
HierarchicalClusterer
MakeDensityBasedClusterer
SimpleKMeans

ll-iter 1.0E-6 -M 1.0E-6 -K 10 -num-slots 1 -S 100

terer output

Close

Status

oK




Clustering Algorithms with Weka

Weka Explorer

I N t h e CI u Ste r mOd e su b Wi N d OW’ ( Prc;.process | Classify [ Cluster | Associate | select attributes | Visualize |

Clusterer
Se | ECt the Classes to CIUSte rs Choose |EM -1100 -N -1 -X 10 -max -1 -ll-cv 1.0E-6 -lI-iter 1.0E-6 -M 1.0E-6 -K 10 -num-slots 1 -S 100
eva I u at i o n O pt I O n ° ‘.Cluster mode Clusterer output J
() Use training set
(O Supplied test set Set...

rcentage split % 66
< @ Classes to clusters evaluation

CliCk On the Sta rt bUtton to (V] store clusters for visualization lv]
process the data. After a while,

. Ignore attributes ]
the results will be presented on — = ] -
the Screen. rRe i f or options)

B velB



Clustering Algorithms with Weka

From the output screen, you ca

observe that -

There are 3 clustered instances
detected in the database.

The Cluster 0 represents no
class, Cluster 1 represents
no, Cluster 2 represents yes.

Weka Explorer

n [Preprocess T ClassifyT Cluster TAssociate T Select attributes T Visualize ]

Clusterer
p-

Choose |EM -1100 -N -1 -X 10 -max -1 -ll-cv 1.0E-6 -ll-iter 1.0E-6 -M 1.0E-6 -K 10 -num-slots 1 -S 100

Cluster mode

Clusterer output
=

-

QO Use traiing set failure 24.0238 1 467.9762 H
O Supplied test set Set... other 9.8659 1 189.1341
success 21.2438 1 109.7562
O Percentage split % 66 [totall 1255.227 2380.5011 897.2719
(® Classes to clusters evaluation
[ (Nom) y Iv] Time taken to build model (full training data) : 11.05 seconds
(V) store clusters for visualization === Model and evaluation on training set ===
- Clustered Instances
[ Ignore attributes ]
0 69 ( 2%)
( start J Stop 1 3636 ( 80%)
2 816 ( 18%)
Result list (right-click for options)
r |
11:56:39 - EM Log likelihood: -20.33263
Class attribute: y
Classes to Clusters:
0 1 2 <— assigned to cluster
64 3304 632 | no
| 332 184
\
Cluster @ <— No class
Cluster 1 <—— no
Cluster 2 <— yes
\~~
Incorrectly clustered instances : 1033.0  22.8489 %
./
v
RN i T

UTINTOWTT LZUUTUIIT £ T IULL  LIUTTUITS

Status

oK




Clustering Algorithms with Weka

Weka Explorer

F ro m t h e O u t p ut SC re e n , yo u Ca n [PreprocessT ClassifyT Cluster TAssociate TSeIect attributes T Visualize]

Clusterer
=

—,
O bse rve that - Choose |EM -1100 -N -1 -X 10 -max -1 -ll-cv 1.0E-6 -ll-iter 1.0E-6 -M 1.0E-6 -K 10 -num-slots 1 -S 100
. Cluster mode Clusterer output
Incorrectly clustered instances [ .. aiing st | p— )
failure 24.0238 1 467.9762 £
O Supplied test set Set... other 9.8659 1 189.1341
success 21.2438 1 109.7562
-> accura Cy (O Percentage split % 66 [totall 1255.227 2380.5011 897.2719
(® Classes to clusters evaluation
[ (Nom) y Iv] Time taken to build model (full training data) : 11.05 seconds
) store clusters for visualization === Model and evaluation on training set ===
- Clustered Instances
[ Ignore attributes J
0 69 ( 2%)
( start J Stop 1 3636 ( 80%)
2 816 ( 18%)
Result list (right-click for options)
& n ]
11:56:39 - EM Log likelihood: -20.33263
Class attribute: y
Classes to Clusters:
0 1 2 <— assigned to cluster
64 3304 632 | no
5 332 184 | yes
\
Cluster @ <— No class
Cluster 1 <—— no
Cluster 2 <— yes
Incorrectly clustered insts H 1033.0  22.8489 %
o/
v
< Y T

Status

OK




Clustering Algorithms with

From the output screen, you can

observe that -

some statistics that gives the
mean and standard deviation for
each of the attributes in the
various detected clusters.

[ Preprocess T CIassifyTCIuster T Associate T Select attributes T Visualize ]

Weka Explorer

Weka

Clusterer
-

Choose ‘EM -1100 -N -1 -X 10 -max -1 -ll-cv 1.0E-6 -lI-iter 1.0E-6 -M 1.0E-6 -K 10 -num-slots 1 -S 100

Cluster mode

Iustemm

~

C

g = N g
() Use training set yd A
/
(O Supplied test set Set... Cluster
Attribute 0 1 2
Q) Percentage split % 6 (0.28) (0.53) (0.2)
(® Classes to clusters evaluation age
| (Nom)y /) mean 44.8244  39.6504  40.0945
X . std. dev. 12.4364 9.1898 9.9334
(V] store clusters for visualization
/ job
. unemp loyed 40.7249 67.3525  22.9226
( ignore attributes / services 52.4085 306.9947  60.5968
management 366.1032 319.8473 286.0495
[ Start ] Stop blue-collar 87.2286 709.0651 152.7063
self-employed 52.7046 101.4276 31.8678 _J
Result list (right-click for optionjs) technician 273.0823 353.3342 144.5835
r B entrepreneur 47.0988  95.4659  28.4353
admin. 85.349 290.9171 104.7339
student 32.4238 31.5781 22.9981
housemaid 52.5518 47.0312 15.4169
retired 149.2976 54.5619 29.1405
unknown 24,2538 10.9253 5.8209
[totall 1263.227 2388.5011 905.2719
marital
married 776.0077 1499.9887 524.0036
single 328.2829 587.721 282.9962
divorced 149.9364 291.7914 89.2722
[totall 1254.227 2379.5011 896.2719
education
primary 158.1106 431.4318 91.4576
secondary 516.6243 1392.4705 399.9052
tertiary 524.2259 456.1673 372.6068
\\ unknown 56.2661 100.4315 33.3024 B
\%l] 1255.227 2380.5011 897.2719 v
< T

\/




Visualize Clusters with Weka

[ NON ) Weka Explorer
H H H H Preprocess | Classify | Cluster | Associate | Select attributes | Visualize
To visualize the clusters, right click o] Gast | Guster [ Assoare | Loz |
. ° [ 3 |
on the EM result in the Result list. [ choose |EM -1 100 -N -1 -X 10 -max -1 ~ll-cv 1.0E-6 liter 1.0E-6 -M 1.0E-6 -K 10 -num-slots 1 -S 100
You will see the following options  cusermoae Clusterer output
r ala B
- O Use raining se Tatture Sean T e C
O Supplied test set Set... other 9.8659 1 189.1341
success 21.2438 1 109.7562
: O Percentage split % 66 [totall 1255.227 2380.5011 897.2719
L3 L3
Se | e Ct VI sua I ize CI u Ste r | (® Classes to clusters evaluation
° [ (Nom) y ‘v} Time taken to build model (full training data) : 11.05 seconds
aSS|gnmentS. | [V store clusters for visualization === Model and evaluation on training set ===
. Clustered Instances
[ Ignore attributes ]
‘ 0 69 ( 2%)
( start J Stop 1 3636 ( 80%)
| 2 816 ( 18%)
| rResult list (right-click for options)
W L Lilalihood: -20.33263
View in main window
View in separate window .
Save result buffer ftribute: y A
to Clusters:
Delete result buffer(s)
Lload! model 1 2 <— assigned to cluster
304 632 | no
Save model 332 184 | yes
Re-evaluate model on current test set ™
| RBe=apphthis-madal's configuration 0 <—— No class
1 <—— no
< Visualize cluster assignments D) 2 <— yes
zmeorrectly clustered instances : 1033.0  22.8489 %
AN J

Status

(o




Visualize Clusters with Weka

You can play around by changing
the X and Y axes to analyze the
results. You may use jittering as in
the case of classification to find
out the concentration of correctly
identified instances.

Weka Clusterer Visualize: 11:56:39 - EM (bank)

[X: Instance_number (Num) |V] [Y: pdays (Num)

[Colour: Cluster (Nom) |VJ [Select Instance
Reset [ Clear ][ Open ][ Save ] Jitter - O
Plot: bank_clustered
871 : i
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