An Introduction to WEKA 3.9.x

Some of the slides are taken from presentation byYizhou Sun
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What is WEKA?

® Waikato Environment for Knowledge Analysis

® It’s a data mining/machine learning tool developed by
Department of Computer Science, University of Waikato, New
Zealand.

® Weka is also a bird found only on the islands of New Zealand.
® https://www.youtube.com/watch?v=1vgA3CN2PHO

>

® Weka software is developed in Java.

Download and Install WEKA

® Website:

htt!): / /www.cs.waikato.ac.nz/~ml/weka/index . html

® Support multiple platforms (written in java):
® Windows, Mac OS X and Linux

I
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Main Features

® 49+ data preprocessing tools

e 8+ clustering algorithms

e 76+ classification/ regression algorithms

o 3+ algorithms for finding association rules

® 15+ attribute/subset evaluators + 10+ search
algorithms for feature selection

/

Main GUI

e Four graphical user interfaces

“The Explorer” (exploratory data analysis)

“The Experimenter” (experimental environment)
“The KnowledgeFlow” (new process model inspired interface)
“Workbench” (unified GUI that combines above three)
¢ One old fashioned Command Line Interface (CLI)

€3 Weka GUI Chooser

Program Yisualization Tools Help

] X

'WEKA

The University
5 of Waikato

Wsiksto Environment for Knowledgs Analysis
Version 383

(c) 1999 - 2018

The University of Waikato

Hemilton, New Zesland

.E

Explorer

Experimenter

KnowledgeFlow

i

Workbench

i

Simple CLI




The package management system

® Weka community keeps adding new algorithms and features.

® These are placed into plugin packages.

° A package management system allows the user to browse and

install packages of interest.

& Package Manager = X

Official ficial
[ Refresh repository cache || Install J Uninstall Toggle load ile/lURL
U Installed (@) Availadle () All [_] Ignore dependencies/conflicts.

Package | Category | Installed version | Repositoryv... | Loaded |
AffectiveTweels Text classificat.. 102 |a
AnDE Classification 121
Analogicalllodeling Classification 0.04
ArabicStemmers_LightStemm... Preprocessing 1.00
Auto-WEKA Classification, 261
BANGFile Clustering 1.00
CRANR. ! 100 15
4 7} Package search Clear

4

Auto-WEKA: Automatically find the best model and parameters for a [

dataset. v

Content

e What is WEKA?
¢ The Explorer:

® Preprocess data

¢ (Classification

® Clustering

® Association Rules
e Attribute Selection

® Data Visualization

e References and Resources

3/22/2020



°

Explorer: pre-processing the data

® Data can be imported from a file in various formats: ARFF,

CSV, C4.5, binary

® Data can also be read from a URL or from an SQL database

(using JDBC)

® Pre-processing tools in WEKA are called “filters”

e WEKA contains filters for:

® Discretization, normalization, resampling, attribute selection,

transforming and combining attributes, ...

/

Weka explorer interface

& Weka Explorer - ] X
Freprocess | Ciassity | Cluster | Associate | selectatrbutes | visuaize | Auto-weica |
i Openfile. ] | ©penURL J 1 Open DB. || Generate ) Undo [ Edit J 1 Save J
Filter
| cnoose J!Nong |[ Appty Sto
Current relation _ Selected attribute
Relation: weather.symboolic Afiributes: 5 Name: autiook Type: Nominal
Instances: 14 Sum of weights: 14 Nissing: 0 (0%) Distinct 3 Unique: 0 (0%)
Attributes No. | Label | count | weignt |
1 sunny 5 50
2 overcast 4 40
i Ak JL mene | mert | [ Patem | 3 rainy 5 50
| No. | | Name
2] temperature
3 [ humidity
40 winay
5 [ play
17| visuaize A1l |

|
|
|
Glass play (Nom)

[ o

oK

[0 e
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Format (ARFF)

CSV format

A » K a-

Home Insert Design Layout

outlook, temperature, hunidity, windy, play
sunny, 85, 85, FALSE, no

sunny, 80, 30, TRUE, no
overcast, 83, 86, FALSE, yas

rainy, 70, 26, FALSE, yes
rainy, 68, BJ, FALSE, yes
rainy, 65, 70, TRUE, no

overcast, 64,65, TRUE, yes

sunny, 72, 95, FALSE
sunny, 69, 70, FALS]
rainy, 75, 80, FALEE, yen
sunny, 75, 70, TRUE, yes
avercast, 72, 90, TRUE, yes
overcast, 81,75, FALSE, yes
rainy, 71, 91, TRUE, no

B 5 = _:- 3 Fools = e— —

" WEKA: Attribute Relation File

ARFF format

oe0 &2 weather.numeric.arff ~
Erelation weather

gattribute outlook {sunny, overcast, rainy}
@gattribute temperature numeric

@attribute humidity numeric

@attribute windy {TRUE, FALSE}

@attribute play {yes, no}

Edata

sunny,85,85, FALSE, no
sunny,B@, 9@, TRUE,no
overcast,83,B86,FALSE, yes
rainy,70,96, FALSE, yes
rainy,b8, 88, FALSE, yes
rainy,65,7@,TRUE,no
avercast, 64,65, TRUE, yes
sunny,72,95, FALSE, no
sunny,b69,7@,FALSE, yes
rainy,75,8@,FALSE, yes
sunny, 75,78, TRUE, yes
overcast,72,98, TRUE, yes
avercast,81,75,FALSE, yes
rainy,71,91, TRUE,no

11

/

Load file weather.numeric.arff

& Weka Explorer = [m] x
Preprocess | Classity | Cluster | Assodiate | Select atibutes | Visualize | Auto-WEKA |
[ ovenfle. || openuRL. ||  openDB. ||  Generate. | Undo Edi. ] ( Save. |

Filter

| Choose |None

[ appry | siop

2 [] temperature
3 [ humidity
4 [ windy

Current refation Selected attribute
Relation: weather symbalic Aftributes: 5 Name: outlook Type: Nominal
Instances: 14 Sum of weights: 14 Hissing: 0 (0%) Distinct: 3 Unique: 0 (0%)
Attributes No. | Label | Count | weight
1 sunny 5 50
2 overcast 4 40
L Al J L None J L Invert || Patern | 3 rainy 5 50
No. | |Name

5[] play

Class: play (Nom). 7| | visuaize au_|

Status

oK

12
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4 Building a decision tree - Select
JA48 (implementation of C4.5 algo

@ Weka Explorer

[Froptocess | Glassi | Giste | Assosite | Selociatiutes | visustes | Ao WEKa |

@ wekaguiGenericObjectEditor

‘weka.dassifiers rees.J48

Classifier About -
Giass fo generating a puned o unpruned Cé Wore
v (@ weka |
¥ (& classifiers | capatises |
T S t
@ o
» (@ nctons saensis [ 100
> (e |
» ([ meta binangplts |False 19
» @ misc
» (@ rutes collapseTree [True &
8 recs contdenceracor (025
[ Decsionstump
Wi v B —
" =T (Faise )
[ wsp =
= B (Faise )
L [ RandomForest
[ RandomTree minNumobj |2
i [ REPTree

numDecimalPlaces |2

numFolds |3

reducedEmorPuning |False

[Faise

seed |1

[Tne

unpruned | False

useLapiace [Faise

useMDLcorrection | True

~

| 14:24:58 - trees.J48

Weighted Avg.  0.€43

=== Confusion Matrix ===

ab < classified as
721 a=yes
32| b=mno

=== Detailed Accuracy By Class ==

Precision Recall

FP Rate
0.600  0.700
0.222  0.500
0.465  0.629

0.778
0.400
0.643

F-Measure MCC
0.737
0.444
0.632

Status
Log x0
- [ open.  J[ sae. [ J[_cma ]|
. C 5 iIfi \
Using C4.5 classifier
& Weka Explorer = X
[ Preprocess | iassiy | custer | Assodate | Selectatrioutes | visuaiize | Autoweka |
Ciassifier
[ Cheose u.ma -C0.25-m2
Test options Classifier output
() Use training set a
S
() Supplied testset Time taken to build model: 0 seconds
® Cross-alidation Folds | 10 Stratified cross-validation
(O Percentagesplit 4 © == Smery
Jore opfions. Correctly Classified Instances g €4.2857 8
Incorrectly Classified Instances 5 35.7143 §
Kappa statisci 0.18¢
l (Nom) play ] Mean absolute erzez 0.2857
r Root mean squared error 0.4818
Start Stop Relative absolute error &0 3
2 == Root relative squared error 97.65%6 %
Result list (right.click for options) Total Number of Instances 11

ROC Erea PRC Area

0.18%  0.78% 0.847
0.1 0.78% 0.738
0.188  0.788 808

Status




C4.5 Decision tree visualizer

& Weka Classifier Tree Visualizer: 14:29:53 - trees.J48 (weather) — ] X
Tree View 2
outlook
= sunmy = overcast = rainy
humidity ¥es (4.0) windy
<=75 =75 =TRUE FALSE
yes (2.0) ho (2.0 yes (3.0
Using training set for testing
@ Weka Explorer — [m] X
| Preprocess | Ciassity | Cluster | Associate | Select atributes | Visualize | Auto-WEKA |
Classifier
| Choose ﬂ.ms—c 0.28-2
Test options Classifier output
BT == Evaluation on training set === &
(U Supplied test set
= Time taken to test model on training data: 0 seconds
O Crossalidation Folds 10
O Percentage spiit. == Sommnry ==
More options. Correctly Classified Instances 14 100 B
Incorrectly Classified Instences 0 0 N
Kappa statistic 1
[ e J Mean absolute error 0
B cco mean scuarea exror o
Start Relative absolute error [ 3
Root relative sgquared error 0 L]
Result st (right-click for options) Total Number of Instances 14
14:24:58 - trees J48 -— Detailed Accuracy By Class ——
14:29:53 - frees 148
TE Rate FP Rate Precision Recall F-Measure MCC ROC RArea PRC Area Class
1.000 0.000 1.000 1.000 l.000 1.000 1.000 1.000 yes
1000  0.000  1.000 i.000 1000 l.000  1.00  1.000  mo
Weighted Avg. 1.000 0.000 1.000 1.000 1l.000 1.000 1.000 1.000
=— Confusion Metrix
¥
status
Lo | g X0
oK
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& Classifier evaluation options X
. [V output mode
More options

[¥/] Output models for training splits

¥ Output perclass stats
. .
I I IStO ry I I n e D Output entropy evaluation measures

[¥/] Output confusion matrix
Result list (right-click for options)

14:24'58 - trees J48 [/] Store prediciions for visualization

14:28:53 - trees.J48

l:l Error plot point size proportional to margin

[
Output predictions l Choose JiNuII

(] Costsensitive evaluation

W
@

Random seed for Xval / % Split 1

|| Preserve order for % Split

\:I Output source code Ve

[ Evaluation metrics... ]

17

4 I
ROC curve - Visualize threshold curve

€ Weka Classifier Visualize: ThresholdCurve, (Class value yes) i O X

| Faise Positive Rate (Num) 7| | True Positive Rate (Num) 7

IColour: Threshold (Num) |v] [Redang\e |']
Reset l Clear “ QOpen Jl Save J Jitter &

Plot {Area under ROC = 0.7889)

1 &
-
B
i
0.5
0 T
o 0.5 1 -
v
Class colour

18
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Working with iris data - iris.arff

2] sepalwidth
3 (] petallength
4 [ petatwidtn
5[] class

© Weka Explorer - u] x
| [ Preprocess | Classity | Cluster | Associate | Selectatiioutes | Visualize | Auto-WEKA |
[ openie J[ openurL. | [ openbB. || Generate.. || Undo J ( Edit. J L Save ]
Fiter
| cnoose |None | Appty
Current relation
Relation iris Afibutes: 5 Name: sepallength Type: Numric
Instances: 150 Sum of weights: 150 Wissing: 0 (0%) Distingt 35 Unique: 9 (6%)
Attributes | Stanistic | value
|| | Minimum 43
Maximum 79
l M J[ Meme || et || Patem | Mean 5843
StdDev 05828

Class: class (Nam)

x| visualize Al

Status

oK

/

Use J48 with cross validation

& Weka Explorer

Prepracess | Classify | Cluster | Associate | Select atioutes | Visualize | Auto-WEKA |

Classifier

| choose ﬂ.uﬂ -G 0.26-H2

Test options

Classifier output

() Use training set
() Suppliedtest set

@ Cross~alidation Folds 10

(U Percantage spiit o 66

Wore options.

| tvomy dess r ]

Stant
Result fist right.click for options)

14:24:58 - trees.J48
14:28:53 - trees.J48
14:34:28 - trees J48

=== Stracified cross-validation ===
== Summary =—

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

RooL rean squared error
Relative absolute error

Root relative squared error
Total Number of Instances

=== Detailed Accuracy By Class ===

TP Rate FP Rate
0.980  0.000
0,940 0.030
0.%60  0.030
Weighted Avg.  0.960  0.020

=== Confusion Matrix ===

a b c < classified as
4% 1 0| &= Iris-sscosa

047 31 b - Iris-versicolor
0 248 | c = Iris-virginica

Precision Recall

1.000 0.980
0,940 0.940
0.941 0.960
0,960 0.560

F-Measure MCC
0.990 0.985
0.910
0.925
0.940

ROC Area
0.980
0.952
0.961
0.968

ERC Area
0.987
0.880
0.%05
0.924

Class

Iris-sstosa
Iris-versicolor
Iris-virginica

T

3/22/2020
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Iris classifier visualization

& Weka Classifier Visualize: 15:29:22 - trees.J48 (iris)

{)C sepallength (Num) |7J [Y:sepa.lwidth (Num)

ur; class (Nem ISe#edlnstance

Iris-setosa

Iris-versicolor Iriz-virg

pradicted class :
class

Reset { Clear H Open H Save J Jitter
Plot: iris_predicted
®
4.4
x
%
3
%
% 5
wooww
® ®
wiiE %
xow o wxx ox x %o
365 % -]
oo ® ww * o %% T
o ow b x w
x % XX R kkx xR ® % x
% % % X B =
% %% K KK R % % | 2| Weka: Insta... i O X
& - %
W & x
% X% % x %
% % ; % Plot : weka.clagsifiers.trees.J4% (iris)
®x % Instance: %2
z . sepallength : 4.9
4.3 6.1 7.9 sepalwidth : 2.5
petallength : 4.5
petalwidth : 1.7
(IS COMOT prediction margin : -1.0

Iris-versicolor

: Iris-virginica

21

va
Iris data - J48 tree

& Weka Classifier Tree Visualizer; 15:29:22 - trees.J48 (iris)

Tree View

petatwidin

//\

=06

/

Iris-setnsa (50.0)

petallength

//\

petabwih

22

3/22/2020
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Open CSV file in Weka

@ Viewer b
Relation: iris

MNo. 1: sepallength 2 sepalwidth 3: petallength 4: petalwidth 5: class

Numeric Numeric Numeric Numeric Nomins!

1 49 31 15 01 lIris-setosa 4
2 48 30 14 01 lIris-setosa

3 43 30 11 01 lIris-setosa

4 52 41 15 01 lIris-setosa

5 49 31 15 01 lIris-setosa

6 49 31 15 01 lIris-setosa

7 51 35 14 02 lIris-setosa

8 49 30 14 02 lIris-setosa

g 47 32 13 02 lIris-setosa

10 48 31 15 02 lIris-setosa

" 50 36 14 02 lIris-setosa

12 50 34 15 02 lIris-setosa

13 44 29 14 02 lIris-setosa

14 54 37 15 02 lIris-setosa

15 48 34 1.6 02 lIris-setosa

16 58 40 12 02 lIris-setosa

17 54 34 17 02 lIris-setosa

18 48 36 1.0 02 lIris-setosa

19 48 34 19 02 lIris-setosa

20 50 30 16 02 lIris-setosa

21 52 35 15 02 lIris-setosa

22 52 34 14 02 lIris-setosa

23 47 32 16 0.2 lIris-setosa -
24 4 1 16 02 Iriz-setnsa L

Add instance ] { Undo J Ok { Cancel J

/

Filter example - Remove attribute

\

Filter
s

¥ [ weka
v (G filters
[ AllFitter
[ muttiFitter
[ RenameRelation
» (i supenised
¥ (& unsupenised
v (& attribute
[ Add
[ AddCluster
('] AddExpression
[ AddiD
| AddNoise
[ AdauserFislds
'] Adavalues
CanesianProduct
Center
ChangeDateFormat
[ ClassAssigner
[ ClusterMembership
Copy
DateToNumeric

e )

FEE

FERE

E]

4]

=

Discretize
FirstOrder

[FEE

FixedDictionaryStringToWordVector

AN

b
¥

Filter.. Removéfilter | | Close

Status.

& weka.gui.GenericObjectEditor

weka filters unsupenised. attribute Remove

About
Afilter that removes arange of attributes from the dataset, Mare
{ Capabilities J
attributeindices | 1
debug |False “'J

doNotCheckCapabilities [Fa\se ‘VJ

invertSelection | False ‘V_J
l Open... J { Save.. oK J l Cancel

|

3/22/2020
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Iris data with first attribute removed

G Weka Explorer

Relation: iris-wekafilters unsupervis ed.atirib.

— O x
| [ Preprocess | Ciassity | Cluster | Associate | Selectatiibutes | Visualize | Auto-EKA |
| Openfie. || openURL. || openDB. || Generate. || Undo il Edit.. J | Save. |
Fifter <
T o s
Current refation Selected attribute

Aftributes: 4
Instances: 150

Name: sepalwidth
Sum of weignts: 150

Type: Numeric

Migsing: 0 (0%) Distinct: 23 Unique: 5 (3%)
Attributes Statistic | value
Minimum 2
Maximum 44
| All J|  MNome || invet || Pattem | Mean 3054
StdDev 0.434
sepalwidth
2 [ petallength
3 [ petatwidth
4 [ class

Class: class (Nom)

‘VJ | visualize All

Remoye

Status

OK

~

/

Load CPU data - cpu.arff

& Weka Explorer — O X
Preprocess | Classity | Cluster | Associate | Selectattributes | visualize | Auto WEKA |
[ opente.. || openuRL. || openDB. || Genemte. || Undo il Edit Jil Save. ]
Fiiter
| Choose |Remove-R 1 | Apply
Current refation Selected attribute
Relation: cpu Atfributes: 7 Name: MYCT Type: Numeric
Instances: 209 ‘Sum of weights: 209 Missing: 0 (0%) Distinct: 60 Unique: 19 (9%)
Attributes Statistic | vaiue
- Winimum 17
Maximum 1500
L Al || None || iwet || Pattem | Mean 203823
StaDev 260.263
2 L] MmN
3 [ mmax
4[] cacH Class: class (Num) ‘!“ visualize All
5[] CHuIN
6 ] CHMAX
7 [ class 137
20
18 1
o FEE 2 o 2
T 1506 1500
status
OK Log “A. x0

3/22/2020
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" Choose M5P Quinlan's M5 algorithm |

Decision trees of regression models

& Weka Explorer — ] X

[ Preprocess | ciassity | Cluster | Associate | Selectatributes | visualize | Auto-WEKA |
Classifier

| choose ];Msprmn

Test options Clisatbes puipet
(_) Use training set + I.roer v Cnman =
+ 36.2674 k=
| Supplied testset Sél
IM num: 3
(® Cross-validation Folds 10
class =
() Percentage spiit % 66 0,387 ¢ MyCT
N s, + 0.0203 * MMIN
LS i i | + 0,003 + saox

+ 1.1095 4 CACH
- 2.109 4 CHMIN

{ (Num) class r] + 3.0274 * CHMBEX
- 76.1365
Start Stop
Nurber of Rules : 3
Result list {rightclick for options) === Cross-validation ===
=== Summary ===
14:24:58 - trees 143
14:20:53 - trees J48 Correlation coefficient 0.9274
14:34:28 - trees 143 Mean absolute error 29.8309
162807 - trees J4B Root mean squazed erzor €0.7112
Relative absolute error 30.9967 &
Root relacive aquared srror 37.7434 %
Total Number of Instances 208 P
v

Status
-
@ L o) )

M5P linear regression models tree

& Weka Classifier Tree Visualizer: 16:21:20 - trees.M5P {cpu) i [m] x

Tree View

CHMIN.

LM 1 (16512 303%) T

==28000 =28000

MR, LN 5 (23/48.302%)

==13240 =13240
cacH LM & (11/24.185%)
==814 =816

LM 2 (616 551%) | LM 3 (4/30.624%)

® The first number at each leaf is the number of instances that reach it

® The second is the root mean squared error of the predictions

@expressed as a percentage of the standard deviation

_/

28
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cross, larger the error - M5P

& Weka Classifier Visualize: 16:21:20 - trees.M5P (cpu) i O X
[ s ovum) 1) ¥ cHuAX (um) 7|
Colour: class (Hum | Setect instance B
Reset { Clear “ Open “ Save J Jitter &
Plot: cpu.
| 176 O
-
b4
e
86
n
. &
% 4
e R%I v Mo %
TR g # X %
0 udeldxt ¥ 4 g X .
| 64 32032 64000 L
| b4
Class colour
=
T T 1
& 578 1150

/" Visualization of errors - larger the

for CPU data

" Choose functions -> Linear regression

& Weka Explorer — O x
[ Preprocess | Giassity | Custer | Associate | Selectatributes | visualize | Auto-WEKA |
Classifier
\
[ choose i -50-R 1.0E-8 -nurm-tecimal-places & ‘ \|
Test options Classifier output
r
O Use training set == Classifier model Iof fold 10 == i
S
(U Supplied test set Set
® Cross-validation Folds 10 e v
() Percentage spiit % 66 class -
More options. 0.0555 * MYCT +
J 0.0151 * MMIN +
0.006 4 MMEX +
{ (Num) class r] 0.5793 * CACH +
1.459 * CHMRX +
Start Stop Tamneen
Cross-validation ===
Resultlist {right-click for options) == SRR
JREELE R R0
14:24:58 -trees 148 Correlation coefficient 0.9012
14:29:53 - trees.J48 Meen absolute erzor 41.088¢
143428 - rees J48 Root mean squared error @9.556
15:29:22 - trees 48 Relative absolute error 42.6943 %
Root relative squared error 43.2421 %
162420 -Fetioe Total Number of Instances 209
09 - functions LinearRegression
v
<C S A—
status
oK L0 | gl X0

\

3/22/2020
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4 Visualization of errors -linear
regression (M5P is superior

& Weka Classifier Visualize: 16:33:09 - functions.LinearRegression (cpu)

X MMAX (Num)
|

17 [v, CHMAX (Num)

[Seled\nstame

Open J l

Save J

Jitter Cr

88

bage = «x

64000

P

T
578

1
1150

/

Naive Bayes classifier (Iris data

| 14:20:53-trees.Jd8
14:34:28 - trees.J48
15:20:22 - trees.J48
16:21:20 - trees 5P
16:33:09 - functions LinearRegression
16:48:54 - tregs. DecisionSump

== Confusion Matrix ===

< classified as

aD e
S0 0 0 &= Iris-sstosa

048 2| ris-versicolor
0 4461 c=Tris-virginica

@ Weka Explorer - u] X
[ Preprocess | ciassify | Cluster | Associate | Select attibutes | Visualize | Auto-WEKA |
Classifier
( \
‘ | Choase '}Mamﬂms | |
Test options Classifier output

() Use training set .

o
£ E
D Correctly Classified Instances 144 a N
Incorrectly Classified Instances 6 4 s

(® Cross-validation Folds 10 Happa statistic .94

- Mean absolute error 0.0342

() Percentage spiit % 66 Root mean squared error 0.155

Relative absolute error 7.6887 %
Hisaduons Reot relative squared error 32.5790 %
|| Teral fumper of Instances 150
l (Nom) class |'] === Detailed Accuracy By Class ==
Start Stop 1P Rate FP Rate Precision Recall F-Measurs MCC ROC Ares PRC Area Class
st (iatctek for ont 1000 0.000  1.000 1000 1.000 1.000  1.000  1.000  Iris-setosa
et oacre Setons) - 0.s€0  0.040  0.823 0.960  0.84L 0.811  0.852  0.383  Iris-versicslor
0.820  0.020  0.858 0.920  0.939 0.910  0.952  0.98  Iris-virginica
14:24:58 - trees Jag
nes Weighted Avg.  0.960  0.020  0.%60 0.560  0.360 0.940  0.8%4  0.38%

status
0K

3/22/2020
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Naive Bayes classifier uses normal
distribution to model numeric attributes

© Weka Explorer - u} ><
[ Preprocess [ Giassity | Cluster [ Associate | Select atrinutes | visualize | Auto-weK |
Classifier
f
| [ choose |
|
Test options. Classifier output
| O Usetaiingset Naive Bayes Classifier 2
(O Supplied test set
= Cless
® Crosswalidation Folds 10 Attribute Iris-setosa Iris-versicolor Iris-virginica
O Percentagesplit % 56 (0220 0023 i
PP e— sepallength
rean 45513 s.5978 65735
atd. dev. 0.355 0.5042 0.6353
T . weignt sum s0 50 50
precision 0,105 0.105% 0.1055
St Si5p sepalutdtn
Result list (right-click for options) can, Sxd0Ly 21887, 2afors
) | s e 0.3525 0.3038 0.3008
19.24:58 - rees. 148 weight sum s0 s 50
142053 -rees 148 precision 0.1091 0.1001 0.1081
| |143428-trees.a8 T
| | 152022 -trees. a8 rean 1463 12152 5.5516
16:21:20 - e MSP std. dev. 0.1782 0.4712 0.5528
15:33:09 - functions. LinearRegression weight sun 50 50 50
16:46:54 - trees Decisionstump precision 0.1408 0.1408 0.1208
petalwidth
rean 0.2733 1.3087 2.0343
atd. dev. 0.1086 0.1915 0.2646
weight sum s0 50 50
rrecision 0.1183 0.1143 0.1143
L
X
=% 7
status —
o Lo | g X0

Naive Bayes classifier visualization

& Weka Classifier Visualize; 17:28:13 - bayes.NaiveBayes (iris) = O X
| x: petaiwiatn num) ) | ¥: sepaiwiain pyum) v
Colour: class (Nom [ setectinstance |v]
sl [ Clear H Qpen Jl Save J Jitter
Plot: iris_predicted
x
4.4
*
«
x
% % ox = *
« ><
x 5
% x x
“oxox « % x
x x » 5 x
3.2 x % x o x <
x x = % w o
% % % % o o% % O x % M
x X x o x
W W xoE W W K x
x % oxox = x %
o * o %
* x x a x i
% x
% x %
p
z T
0.1 1.3 2.5 b
v
Class colour

Iris-setosa Izis-versicolor i
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[ Naive Bayes updatable - process
one instance at a time

O Weka Explorer

[ Preprocess [ classify | Ciuster [ Associate | Selectatributes | visuaize | Auto-weka |

Classifier

| cnoose

Test options.

Classifier output

) Use training set
O Suppliedestset

® Cross-alidation Folds 10

O Percentagesplit % 56

Wore options.

Start S

Resultlist (right-click for options)
R S O coons),

14:24:58 - trees J48
14:20:53 - trees J48

(Nom) class I

—— Stratified cross-validation
— Summary

Correctly Classified Instances
Incorrectly Classified Instances
Happa statistic

Mean absolute error

Root mean squarsd error
Relative absolute error

Root relative squared error
Total Number of Instances

=== Detailed Accuracy By Class

1P Rate FP Rate Precision Recall

0.0342

7.6997 3
32.8794 %
150

ROC Area PRC Area

oS

o o
It 1o00  0.000  1.000  1.000  1.000  1.000  L.0o0  1.000
| 0.660  0.080 0.623  0.560  0.64L  0.611 0.8 0.88%
B2 ealdn 0.620  0.020  o.65e  0.920 0.3 0.610 0.9 0.8
16:21:20 - trees M5P Weighted Avg. 0.960  0.020  0.960 0.960  0.960 0.940  0.994 0.989
16:23.09- functions LinearRegression
18:46:54-trees DecisionStump === Confusion Matrix ==
17.28:13 - bayes NaveBayes
T a b ¢ - classified as
S S0 0 01 a-=Irisseros
048 2| b= Irisversicolor
0 2461 c=Iris-virginica
g
% v
Status.
"
oK Loo | g

~

Bayes updatable visualization

@ Weka Classifier Visualize: 17:41:46 - bayes.NaiveBayesUpdateable (iris) — m} x
p( sepallength (Num) ‘VJ [Y. sepalwidth (Num) v]
T e | Selectinstance =
L cear | open || sae | Jter ©
Plot: iris_predicted
4.4 x 0
| s -
®
x
%
% * x %
P
% % 2
x % x x
X o ok oxox x %
X % &
3.2 ® xx x o % PR T
% sk % x
® o & W EE B 2 oxE oA 3 %
% % % p %
©RE % % % %
% i
X owx <
o % % % %
x x
® x ® %
& %
2 T
4.3 6.1 7.9 L
| Y
Class colour
~
Iris-setosa Iris-versicolor Tris-—

\
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Explorer: clustering data

e WEKA contains “clusterers” for finding groups of similar

instances in a dataset

¢ Implemented schemes are:
® k-Means, EM, Cobweb, X-means, FarthestFirst

® Clusters can be visualized and compared to “true” clusters (if
given)

® Evaluation based on loglikelihood if clustering scheme

produces a probability distribution

The K-Means Clustering Method

* Given k, the k-means algorithm is implemented in four steps:
® Partition objects into k nonempty subsets

® Compute seed points as the centroids of the clusters of the
current partition (the centroid is the center, i.e., mean point, of

the cluster)
® Assign each object to the cluster with the nearest seed point

® Go back to Step 2, stop when no more new assignment

3/22/2020
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Clustering - open iris.arff, select
Simple Kmeans (numClusters = 3

& Weka Explorer

[ Preprocess | Classify | Gluster | Associate | Select atiioutes | Visualize | Auto-WEKA |

m] X

Clusterer
1
{ ‘Choose. " -init 0 100 -periodic-p 10000 density 2.0 -1 -1.25-12-1.0-N 3 -A"weka. EUIE.EUE\NEQ"DEHHEE'#
Cluster mode Clusterer output

& —— W=l and svalustion on Training sSt ——

() Supplied test set

o

Clustered Instances

(_J Percentage split % 66

o 61 ( 41%)
(®) Classes to clusters evaluation : 1 50 ( 33%)
| (Mom)dass 7] 2 39 ( 26%)

[ store clusters for visualization

Class attribute: class

t Ignore atiributes J Classes te Clusters:
0 1 2 <— assigned to cluster
Start Stop
. 050 0| Iris-setosa
Result list {right click for options) 47 0 3 | Iris-versicolor
14 0 36 | Iris-virginica

6.05 - SimpleKMeans

Cluster 0 <-- Iris-versicolor
Cluster 1 <—- Iris-setesa
Cluster 2 <-- Iris-virginica

Incorrectly clustered inmstances : 7.0

11.3333 %

Y

e

Status

oK

Log

~

K-means clustering visualization

€ Weka Clusterer Visualize: 17:06:05 - SimpleKMeans (iris)

] X

[)C Instance_number (Mum} |v] {Y, sepallength (Mumy) |VJ
IColour: Cluster (Nom) |'J [Seled\nslance |']
(oo J(_omn [ s | =
x
7.9 X M
*
5
ED x 3
s x
x I x P % e
x x
x £ ok x *
% x % o %X x
® x x e Qo DEE.  ao
x ® o %
6.1 S b e B G W OBy
i x o
x ® W B8 a
% % x x 2% o
2% P o
wox x W m
% B s x
*
x
x o x
xox x Tew o x x x
* st x o
# x
x
S s
x
a3 x %%
T
o 74,5 143 -
v
Class colour

clusserld clusterl =lus

\
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EM (Expectation-Maximization

clustering - out of the box

& Weka Explorer

(U Percentage split % 86
(®) Classes to clusters evaluation

| tvom)class ‘v]
(] Store clusters for visualization

E1%

- O X
[ Preprocess | ciassity | ciuster | Associate | setectatiioutes | wisualize | Auto-wEKA |
Custerer.
f Y
i
| Choose |EM -1 100-N 3-510-max -1 -ty 1.0E-6-I-ter 1.0E-6 -M 1 DE-6 -K 10 -nurm-slots 1 -5 100
Cluster mode Clusterer output
() Use training set 159 T
1 23 (159 .
(_) Supplied test set S

Log likelihood: -1.60803

Class attribute: class
Classes to Clusters:

( PEE— ] 0 1 2 3 4 <= assigued to cluster
28 0 022 0 | Iris-setosa
0 027 023 Iris-versicolor
start Stop !
03515 0 0 | Iris-virginica
Resultlist (rightclick for options)
Cluster 0 <-- Iris-setosa
| 17:05:05 - SimpleKMeans Cluster 1 <-- Iris-virginica
| Cluster 2 <-- Iris-versicolor
g Cluster 3 <=- No class
Cluster 4 <-- No class
Incorrectly clustered instances : &0.0 40

Status
i

oK

Log | gt X0

~

/

EM clustering (out of the box) visualization

& Weka Clusterer Visualize: 18:49:20 - EM (iris)

— O x

[X. Instance_number (Num})

v] Y. sepallength (Mum}

]

L
l Colour: Cluster (Nom) |vJ [

Select Instance

!-']

[ Clear “ QOpen H Save

Jitter O
Plot: iris_clustered
| «
7.9 *
| 4 s ot x by
b
| %
] %%
. *
* x %
® x
% W ox x x x T
x x
x x % = x
® x B % x
% x e o o
s o %
6.1 * Tox oo M § M
| . . o
o x o
a
" o
x
y
oo x
%% % x
x % o
e P x
¥ i
x % x x
3
4.3 x %%
T
i 74.5 149 ke
¥
Class colour

cluster clusterl -

\
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EM clustering - numClusters = 3

& Weka Explorer — O X
[ Preprocess | Classity | Cluster | Associate | Selectatiributes | visualize | Auto-WEKA |
Clusterer
f )
[
|_Ghoose [[Em 1100 -1 35 10 -rriak-1 -llcy 1.0E-6 -Iriter 1.0E-6-M 1.0E-6 - 10 -hur-slets 1 -5 100
Cluster mode Clusterer output
() Use training set Iy
o e ( 43%) r
(U Suppliedtestset Sat 3 S0 ( 33%)
F 36 ( 24%)

(U Percentage split %
(@ Classes to clusters evaluation
l (Nom) class

[¥] Store clusters far visualization

L Ignore attributes J

Start Stop

Result list (right-click for options)

17.06:05 - SimpleKMeans
17.08:57 -EM

Log likelihood: -2.055

Class attribute: class
Classes to Clusters:

0 1 2 <-- assigned to cluster
050 0 | Tris-setosa

50 0 0 | Iris-versicolor

14 0 36 | Iris-virginica

Cluster 0 <-- Iris-versicolor
Cluster 1 <—— Iris-setosa
Cluster 2 <-- Iris-virginica

Incorrectly clustered instances : 4.0 9.3333 %

I

>

Status.

oK

L] e

EM (numClusters = 3) visualization

& Weka Clusterer Visualize: 17:09:38 - EM (iris) = O *

[x Instance_number (Num)

|'] [Y. sepallength (Num) !

{ Colour: Cluster (Nom}

!"J [Saienlnstama ‘V]

l Clear “ Open Jl

save | Jitter &

-
7.9 s 5
x
x
x * o
x * %
® o * e x
= *
% % & 3 ®
x x % % o E
¥ x x s o "o o
x o 3
B x0T oxx o oo
6.1 = B a a
P o
x o o
K x % o
X% s o
% = T
Rk R x* *
%
x
o % ww x
®x w xRk % x x
x i % o
£ x x
3 ¥
* % % %
4.3 % x %
a 74.5 149 b
¥
Class colour

cluster clusterl =i«

\
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ra
Hierarchical clustering (numClusters = 3

& Weka Explorer — O X
[ Preprocess | classity [ cluster | Associate | Selectatirioutes | visualize | Autoweka |
Clusterer
il
| Choose | HierarchicalClusterer -1l 3-L SINGLE -P -A"weka core EuclideanDistancs -R firstlast
Cluster mode Clusterer output
() Use training set Y
O Suppiiedisstsst Model and evaluation on training set r
O Percentage spiit Clustersd Instances
@) Classes to clusters evaluation
- 1} 49 ( 33%)
| avom) ciass 17 : AR
[} Store clusters for visualization 2 100 { 87%)
I Ignare attibutes J | | crass accrivute: class
Classes te Clusters:
Start
= 7 @ 1 2 <— assigned to cluster
Resultlist (right-click for options) ) 43 1 0 | Iris-setosa
0 050 | Iris-versicolor
ACI0N=timpiERMEmD! 0 050 | Iris-virginica
17:08:57 -EM
17:09:38 -EM Cluster 0 <-- Iris-setosa
17:20°55 - HierarchicalClusterer CEnaner: - Noiclans
17:21.07 - HierarchicalClusterer Cluster 2 < Iris-versicolor
17221 HitarthiTaCHIsterae Incorrectly clustered instances : 51.0 34 3
17:21:37 - HierarchicalClusterer
[v
EASS >
Status S
oK Log | g 20

~

/Hierarchioal clustering - tree
visualization

& Weka Cluster Tree Visualizer: 17:22:07 - HierarchicalClusterer (iris) — O x

. =t I
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Hierarchical clustering - visualization

& Weka Clusterer Visualize: 17:22:07 - HierarchicalClusterer (iris) = O X

[;c Instance_number (Mum) ‘v] | ¥: sepallengtn (um) )

{Coluur,musler(Num) "J ‘.Sslemnstaﬂca ."]
Reset | Clear J[ Open H Save J Jiier

Plot: iris_clustered

7.9 .

6l

4.3

Class colour

clusterd clusterl =lussecl

~

Explorer: finding associations

® WEKA contains an implementation of the Apriori algorithm
for learning association rules
® Works only with discrete data

* Can identify statistical dependencies between groups of
attributes:
® milk, butter = bread, eggs (with confidence 0.9 and support

2000)
® Apriori can compute all rules that have a given minimum

support and exceed a given confidence

3/22/2020
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4 N
Basic Concepts: Frequent Patterns

10 Beer, Nuts, Diaper o k-itemset X = {xq, ..., X,.}

20 Beer, Coffee, Diaper ® (absolute) support, or, support count of X:
30 Beer, Diaper, Eggs Frequency or occurrence of an itemset
40 Nuts, Eggs, Milk X

50 Nuts, Coffee, Diaper, Eggs, Milk |

(relative) support, s, is the fraction of
transactions that contains X (i.e., the
probability that a transaction contains X)

Customer Customer

buys diaper
® Anitemset X is [requent if X’s support is
no less than a minsup threshold

Customer
buys beer

4 N
Basic Concepts: Association Rules

_ e  Find all the rules X = Y with minimum

10 Beer, Nuts, Diaper .
= 1P support and confidence
20 Beer, Coffee, Diaper
30 Beer, Diaper, Eggs ¢ support,s, pl‘obablllty that a
40 Nuts, Eggs, Milk transaction contains X UY
Nuts, Coffee, Diaper, Eggs, Milk . . .
20 i ® confidence, ¢, conditional probability
Customer Customer that a transaction having X also

contains Y
Let minsup = 50%, minconf = 50%

Freq. Pat.: Beer:3, Nuts:3, Diaper:4, Eggs:3, {Beer,
Diaper} :3

Customer
buys beer L] Association rules: (many more!)
" Beer > Diaper (60%, 100%)
n Diaper > Beer (60%, 75%)

3/22/2020
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Associative rules: open supermarket.arff

Relation: supermarket
7

© Weka Explorer = [m) X
| [ Preprocess | ciassiy [ custer | associate | seiectatrioutes | visuaiize | Auto-wera |
1 Openfile J| OpenuRL ] L Open DB. il Generate. )L Undo ] | Edit L Save. |
Filter
[ ohocse |Remove-r1 Lo J
Current relation Selected attribute
Aftibutes: 217 Name: total Type: Nominal

Instances: 462 Sum of weights: 4627 Missing: 0 (0%) Distinct 2 Unique: 0 (0%)
Attributes No. | Label | count | weignt
1 low 2048 20480
2 nigh 1679 16700
[ Al J | None Jil ivert | | Ppatern |
| o | | name |

10 departmentt

2 [ department2

3 (] department3

4 ] department4

5 L departments

6 [ departments

7 [ department?

& [ departments

9 [ departments

10 [ orocery misc

11 _] department11

12 [_] baby needs

13 (] bread and cake
14 (] baking needs

15 ] coupons

16 [_| juice-sat-cord-ms
17 tea

18 [_] piscuits

19 [ canned fish-meat

| ciass: total tNom)

17| visuaize Al |

Status.

i)

~

/

@ weka guiGenericObjectEditor
weka associations Apriori

About

x

Class implementing an Apriori-type algorithm

Wore
Capabiliies

car [False

Associative rules: Apriori algorithm

classindex -1

gefta  0.05
doNotCheckCapabiliies | False v
lowerBoundHinSupport 0.1
meticType | Confidence )
minkletic 0.9
numRules | 10
| Faise ¥
removeAllilissingCols  |False i)
significanceLevel 1.0
treatZeroAshlissing | False v
upperBoundinSupport | 1.0
verbose |False M|
[ Open. J [ Save J [ OK J L Cancel

3/22/2020
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Associative rules - Apriori output

© Weka Explorer = [ul X
[ Prepracess [ classity | Gluster | Associate | Setect atributes | visualize | Auto-wEKA
Associator
| Choose | Apriori-N 10-T0-C 0.9-D0.05-U1.0-M 0.1 -5-1.0-c-1
Associator output
| .

Humber of cycles performed: 17
Generated sets of large itemse
Size of set of large itemsets
Size of set of large itemsets
Size of set of large itemsets
Size of set of large itemsets
Size of set of large itemsets

Size of set of large itemsets
Best rules found:

1. biscuits=t frozen food:
2. baking needs=t biscuit:

€. biscuits=t frozen foods=t

T

L) :

L(2):

L{3):

L)

L(s) :

L)

2

380

210

633

105

> bread and
> bread and

9. frozen Tood:
10. £rozen food:

ER

7. baking needs=t biscuit
6. biscuits=t fruit=t total-high 954
fruit=c vegstables=t tota
fruit=t total-high 969

total=high 772
bread and caks
igh 834
bread and cake=t 277

caks
caks

Dbread and cake=t 778

723
&9

3. baking needs=t frozen foods=t fruit=t total=high 770 ==> bread and cake=t 705
4. biscuita=t fruit=t vegstables=t total-high 815 ==> bread and cak
5. party snack foods=t fruit=t total:

.62)> Lift: (1.27) lev:{(
<conf:(0.92)> 1ifc:(l.27) le
0.92)> Lift: (1.27) Lev:(0.¢
£2(0.91)> 1ife: (1.27) lev:(0.08) |
725 <cenf:(0.81)> lift:{L.26) ]

701 <conf:(0.91)> lift:{1.26) 1
<conf: (0.91)> lift:(1.2€) lev:(0.04) [178] comy
<conf: (0.91)> 1ift:(1.26) lev:
<cen: (0.91)> 1ift:(1.2€) lev:(0.04) [179]

|E4
v

Status.

EIP

~

/

Weka - Automated feature selection - labor.arff

2 (] wage-increase-firstyear
3 [_] wage-increase-second-year
4 [ wage-increase-third-year
5 [] cost-ofliving-adjustment
6 [_| working-hours.
pension
standby-pay
[ shift-differential
10 [ education-allowance
11 ] statutory-holidays
12 [ vacation
13 [ longterm-aisability-assistance
14 ] contribution-to-dental-plan
15 | bereavement-assistance
18 [ contribution-to-health-plan
17 [ dass

Do0

© Weka Explorer - ] 5
| [ Preprocess | ciassity [ Cluster [ Associate | setectattrioutes | visualze | Auto-weka |
[ Openfile. ] | openurL J1 Open DB. || cenerste J1 Undo L Edit il Save. J
Filter
| choose |Remave R 1 [ 4voly
Current relation
Refation: labor-neg-data Alributes: 17 Name: duration Type: Numeric
instances: 57 Sum ofweights: 57 Missing: 1 (2%) Distinct. 3 Unique: 0 (0%)
Attributes Statistic | vaue
| | [ Minimum 1
Maximum 3
[ i JI mone  J[_ men j| atem | Wean 2151
‘StdDev 0708
No. | Name

| ctass: ciass vom)

v visuaiize Al |

Status

3/22/2020
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Select attributes

4 Weka - Automated feature selection

@ Weka Explorer

[ Preprocess | lassity | Cluster | Associate [ Selectattributes | visualize | Auto-WeK |

f

Choose ‘!r 1-E1

Choose |BestFirst-0 15
|

Attribute Selection Mode.

@ Use fulliaining set
O Cross-valigation  Fols 10

Sesd 1

start Stop

Attribute selection output
o

=== Atcribute Selection on all input data ===

Search Method:

(Nom) class Best first.

Start set: no attributes

Search direction: forward

Stale search after 5 node expansions
Total mumber of subsets evaluated: 114
Merit of best subset found:  0.363

Attribute Subset Evaluacor (supervised, Class (nominal): 17 class):
CFS Subset Evaluator
Including locally predictive attributes

Selected attributes: 2,3,5,11,12,13,14 : 7
vage-increass-first-year
vage-increase-second-year
cost-of-living-adjustment
statutory-holidays
vacation
longterm-dissbility-assistance
contribution-to-dental-plan

Attribute selection visualize

& Weka Attribute Selection Visualize: |abor-neg-data-weka.filtersunsupervised attribut... —

[m] x

Plot Matrix

ge-il first-ymme-incr livi i y-holidays vacation

longterm-disabilit

class

contribution-to-de

b
b
J3

D Fast scrolling (uses more memory)

PlotSize: [100]
| updgate |

PointSize: [1] (&

Jitter: &r Select Atfributes

[Cu\our. class (Nom) |I'J { SubSample % J 100

Class Colour

r -

bad good

3/22/2020
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AutoWeka

e Install AutoWeka plugin

from Weka plugin manager

@ weka.qui.GenericObjectEditor
‘weka. classifiers.meta AutoWEKAClassifier

About

| Automatically finds the best model with fts best parameter
settings for a given dataset,

Hore

|
“ Capabilities J

* Automatically searches
through the joint space of batchsice 100
. debug [False ]
WEKA'’s learning L — 5
algorithms and their memuma (1026
. metric | emorRate ‘vJ
respectlve hyperparameter s T
settings to maximize e B
performance parallelRuns 1
seed 123
® | oad iris.arff 1
e Tune AutoWeka parameters L opens I smee  JL ok JI Cowe
e Hit start
57
& Weka Explorer - O X
[ Preprocess | classiy [ Giuster | Associate | Select atioutes | visuaiize | Auto-WeKa |
|AutoWEKACIassifier -seed 123 -fimeLimit 15 -memLimit 1024 -nBestConfigs 1 -metric errorRate -parallelRuns 1
Auto-WEKA Manual ]
{ (Nom) class yJ Adto WEICh outpat
Result st right.ciick for opti.. ;:::r:z:gsizﬁhwd A ; 54 ¢ )

=== Confusion Matrix ===

¢ < classified as
0| a=Iris-setosa

047 3| b= Iris-versicolor
71 ©=Iris-virginica

=== Detailed Accuracy By Class ===

Temporary run directories:

ELS

TP Rate EP Rate Drecision Recall F-Measure MCC

ROC Area DRC Area Class

1.000 0.000  1.000 1.000  1.000 1.000  1.000 1.000 Iris-setosa
0,030 0.940 0.940  0.%40 0.910  0.998 0,935 Iris-versicolor
0.030  0.%40 0.540  0.340 0.910  0.998 0.895 Iris-virginica
Weighted Avg. 0.020  0.960 0.960  0.960 0.940  0.998 0.997

C:\Users\SUNYKO~1\AppData\Local\ Temp\autoveka]718454025297959507\

For better performance, try giving RUCo-WEKR more time.
Arledionh pamtiguratiin; Gacoes o Rewati el Lot ol e Vet ER STl chan SE el i Ll

4

status
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Imbalanced class problem

Use Weka SMOTE filter

Example of German Credit Data Analysis

® Two types of risks are associated with the bank’s decision:

If the applicant is a good credit risk, i.e. is likely to repay the

loan, then not approving the loan to the person results in a

loss of business to the bank

If the applicant is a bad credit risk, i.e. is not likely to repay

the loan, then approving the loan to the person results in a

financial loss to the bank

The German Credit data set is a publically available data set

downloaded from the LICI Machine Learning Repository

Imbalanced class problem -
German_credit dataset

© Weka Explorer - m} ¥
| [ Preprocess | ciasstty [ Gluster | Associate | Select atibutes | visualize | Auto-wek |
L Openfile. it Open URL. Jul Open DB. JL Generate. J 1 Undo )il Edit i Save. |
Filter
[ choose |wane L apoy | 5o
c i Selected attribute.
Relation: german_credit Attibutes: 21 Name: class Type: Nominal
Instances: 1000 Sum of weighis: 1000 Nissing: 0 (0%) Distinet: 2 Unique: 0(0%)
Attributes Mo |Label | count | weignt |
1 good 700 7000
2 bag 300 3000
L Al J L Hone JL Invert J[ patern |
[ no. | | Name |
5[] credit_amount I
6 ] savings_status
7 L employment
&[] instaliment_commitment

9 [ personal_status

10 [J other_parties | Class: diass (Nom)

x| visualize sl |

[
\
1 11 [ residence_since
12 [ property_magnitude
| 13 (] age
14 ] other_payment_plans
| 15 [ housing

16 ] existing_credits
‘ 17 [ job

418 [_] num_dependents
1 19 [ own_telephone

20 (] foreign_worker
T T

Status

o

oK
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Use classbalancer from filter and apply

& Weka Explorer i ] X
Preprocess | Classity | Gluster | Associate | Select atibutes | visuaize | Auto-WeKa |
[ Open file. | [ openurL I 1 Open DB. || Genemte )L Unda I Edit ] L Save. J
Filter
T (@ weka || Apty
v (& fiters
& [ AlFitter S LR
MulFilter Altributes: 21 Name: class Type: Nominal
[ RenameRelation Jum of weights: 1000 Missing: 0 (0%) Distinet: 2 Uniaue: 0 (0%)
A v (8 supenised No. | Label | count | weight |
A » (i atribute 1 good 700 7000 ‘
v (& instance — 2 bad 300 3000
[ alancer Pattern
Resample
[ SpreadSubsample |
[ stratifiedRemoveFolds I
* (& unsupenised
Class: class (Nom) (7| | visualize A
Filter. Remove filter | | Close
Status
oK

/

Use classbalancer from filter and apply

© Weka Explorer 4 [m] X
J Prepracess | Ciassity | Cluster | Associate | Selectatiributes | visualize | AutoweKa |
| Open fils. || openurL J 1 Open DB. Jil Generate I Undo J L Edit Jilk Save. |

Filter

| Choose |crassBatancer -num-intervals 10

L Aemty | st

Current relation

Selected attribute

Relation: german_credit-wekafiters supervised.insta. Aftributes: 21
0

Mame: class

Type: Nominal

Instances: 1001 Sum of weights® 1000 Wissing: 0 (0%) Distinct: 2 Unique: 0 (0%)
Attributes. No. | Label | count | weignt |
1 good 700 500.0 ‘
2 bad 300 500.0
L Al I None J1 Invert J[ Petem |
| o | | Name |
5 [ credit_amount I
6 ] savings_status
7 [ employment
8 [ installment_commitment
9 (] personal_status

10 [ other_parties
11 ] residence_since

= Class: class (Nom)

(7| visualize an |

13 [ age
14 [] other_payment_plans

15 ] housing

16 [ existing_credits
17 [ job

18 ] num_dependents
19 [_] own_telephone

| 20 (] foreign_waorker /)

[
‘ 12 (] property_magnitude

Status

OK
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negotiation dataset

4 Dealing with missing values - labor

~

@ Viewer x
Relation: labor-neg-data
first-year 3 - & thirg- 5 cost-obiving & working-hours 7: pension 8: standoy-pay 9 shift-differentia
Numeric Numeric Nomeric Nominal Numeric Nominal  Numeric Numeric
50 400 204
45 58 35.0 ret_allw ™
380 empl_c.. 5.0
37 40 50 tc
45 45 50 40.0
20 25 350 6.0
40 50 50 te empl_c
89 48 23 400 30
30 7.0 380 120 250
57 none 40.0 empl_c.. 4.0
3 40 46 none 360 30
6.4 64 280 40
35 40 none 40.0 20
35 40 51 tef 30 46/
30 none 360 10
45 40 none 370 empl_c
28 350 2
21 tc 400 ret_alw 20 3
20 none 380 none
40 50 e 350 120 5
43 44 380 4,
25 30 400 none
35 40 45 tef 270
45 40 40.0 4
6.0 380 8.0 3
20 20 20 none 400 none
45 45 tef E
3.0 30 none 33.0 L4
S T
Addinstance | Unda | oK | | Cancel

/

Filters -> unsupervised -> attribute ->

replaceMissingValues -> Apply

RemoveUseless

RandomProjection
RandomSubset
Remove
RemoveByName
RemoveType

Rename#ftiibute

RenameNominalValues

ReplaceliissingWithUserConstant
ReplaceWithMissingValue

StringToWordVector
SwapValues

Patiern

v

=

@ Weka Explorer = [m] x
Preprocess | Classity | Cluster | associate | selectatmnutes | visuaiize | Auto-weka |
{ Open file. ) [ Open URL. J [ Open DB. J [ Generate ) \ Undo J [ Edit j [ Save. J
Filter
1= a Apply | stop
[ NumericToDate 3 ‘l—J
d *| NumericToNominal Selected attribute
1 [ numericTransform 1
[ osfuscate Aftributes: 17 Name: class Type: Nominal
i — Sum of weights: 57 wissing: 0 (0%) Distinct 2 Unique: 0 (0%)
A PartitionedhultiFitter No. | Label | Count | weignt
f PKIDiscrefize 1 oad 20 200
PrincipalComponents Z dood 3 are

| Class: class (Nom)

17| visuatize A |

Status

OK
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4 Replace numeric values with mean

and nominal values with mode

~

& Viewer x
Relation: Iabor-neg-data-weka filter p atribute
.1, duration 2 first-year 3 d-year 4 third-year 5 cost-oHiving- 5 working-hours 7- pension & standby-pay
Mumeric Numeric Numeric Numesic Neminal Numeric Nominal
1 1.0 50 3.971739130434783 3.9133333333333336 none 40.0 empl_c.
2 20 3.9133333333333336 none 35.0 ret_allw
3 21807, 3.803571428571428 3.071739130434782  3.9133333333333336 none 2.0 empl_c
4 30 40 50 tc 38.02021568.. empl_c
5 30 45 45 50 none 400 empl_c
6 20 20 25 3.9133333333333336 none 5.0 empl_c.
7 30 40 5.0 tc 38.03921568.. empl_c.
8 30 89 48 23 none 400 empl_c
9 20 20 7.0 3.0133333333333336 none 38.0 empl_c
10 10 57 3.971739130434783  3.9133333333333336 none 400 empl_c
k) 30 35 4.6 none 36.0 empl_c,
12 20 6.4 6.4 3.9133333333333336 none 38.0 empl_c.
13 20 25 40 3.9133333333333336 none 400 empl_c
14 30 25 51 tef 37.0 empl_c
15 10 30 3.971739130434783  3.9133333333333336 none 36.0 empl_c
16 20 45 3.9133333333333336 none 37.0 empl_c.
17 10 28 3.071739130434783  3.9133333333333336 none 350 empl_c
18 10 73 3.071739130434783  3.9133333333333336 Ic 400 ret_allw
19 10 20 3.071739130434783  3.9133333333333336 none 38.0 none
20 20 40 50  3.9133333333333336 tcf 350 empl_c
21 20 43 4.4 3.9133333333333336 none 38.0 empl_c.
22 20 25 30 3.9133333333333338 none 400 none
23 30 25 40 46 o 27.0 empl_c
24 20 45 40 3.9133333333333336 none 400 empl_c
25 10 6.0 3.971739130434783  3.9133333333333336 none 38.0 empl_c
26 30 20 2.0 none 40.0 none
27 20 45 45 39133333333333336 Icf 38.03021568.. empl_c.. 7.4444444. [
22 20 20 30 3.9133333333333336 none 30 emplc. 74444444 |V
[A S
 Addinstance | undo | | OK | | Cancel |

_/

/

Try Naive Bayes on modified data

\

& Weka Explorer s a X
[ Preprocess [ ciassiy | ciuster | Associate | setectatirioutes | visuaize | Auto-weka |
Classifier
r
| Choose |NaiveBayes
Test options Classifier output
() Use fraining set .
Time taken to build model: 0.0L seconds "
() Suppliedtest set
== Stratified cross-validetion ==
(®) Cross—validation Folds 10
== Summary =—=
O Percentage split %
Corrsctly Classified Instances 52 91.2261 %
Incorrectly Classified Instances 5 8.7715 %
¥appa statistie 02082
Mean absolute error 0.0%08
[emess B 2 e
Relative absolute error 15.867¢ %
- — oot relative squared error 51.7767 %
Total Number of Instances 57
Result st right-click for options)
r === Detailed Accuracy By Class ===
19:54:52 -rees.J48
2017:06 -rees.J48 TE Rate FP Rate Precision Recall F-Measure MCC ROC Ares ERC Area CL
20:17:25 - b 0.850  0.054  0.885 0.850  0.672 0.806  0.978  0.965  ba
0.386  0.150  0.%21 0.345  0.833 0.80¢  0.978  0.38%  go
Weighted Avg.  0.912 0.1l  0.912 0912 0.912 0.0 0.978  0.930
== Confusion Matrix ===
N
2 b <-- Classified as
17 31 a=bad
235 | b=good
v
| <K v
Status —
oK L0 | g <
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References and Resources

e References:

® WEKA website: http://www.cs. waikato.ac.nz/~ml/weka/index html
e WEKA Tutorial:

Machine Learning with WEKA: A presentation demonstrating all graphical user interfaces (GUI)
in Weka.

A presentation which explains how to use Weka for exploratory data mining.
® WEKA Data Mining Book:

lan H. Witten and Eibe Frank, Data Mining: Practical Machine LearningTools and
Techniques (Fourth Edition)

WEKA Wiki: http://weka.sourceforge.net/wiki/index.php/Main Page
® AutoWeka Software:
http://www.cs.ubc.ca/labs/beta/Projects/autoweka/ #software
Others:

Jiawei Han and Micheline Kamber, Data Mining: Concepts and Techniques, 2nd ed.
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