B Data Mining with WEKA

Original author: unknown. ? The WEKA team
Additional material: Tim Menzies, 2010

WEKA

= Machine learning/data mining software written

in Java
= Used for research, education, and applications
= Complements “Data Mining” by Witten & Frank

= Main features

= Comprehensive set of data pre-processing tools, learning alg
orithms and evaluation methods

= Graphical user interfaces (incl. data visualization)
= Environment for comparing learning algorithms
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iAccess

= WEKA is available at

http://www.cs.waikato.ac.nz/ml/weka
= Also has a list of projects based on WEKA
= WEKA contributors:

Abdelaziz Mahoui, Alexander K. Seewald, Ashraf M. Kibriya, Bern
hard Pfahringer , Brent Martin, Peter Flach, Eibe Frank ,Gabi Schmidb
erger ,Jan H. Witten , J. Lindgren, Janice Boughton, Jason Wells, Len
Trigg, Lucio de Souza Coelho, Malcolm Ware, Mark Hall ,Remco Bou
ckaert , Richard Kirkby, Shane Butler, Shane Legg, Stuart Inglis, Sylva

in Roy, Tony Voyle, Xin Xu, Yong Wang, Zhihai Wang

Data Files

@relation heart-disease-simplified

numeric attribute
@attribute age numeric ' '
@attribute sex { female, male} =" ﬂomlﬂal attflbUte

@attribute chest_pain_type { typ_angina, asympt, non_anginal, atyp_angi
na}

@attribute cholesterol numeric

@attribute exercise_induced_angina { no, yes}

@attribute class { present, not_present} Fl t :

at file 1n
@data
63,male,typ_angina,233,no,not_present f
67,male,asympt,286,yes,present ARFF Orm at

67,male,asympt,229,yes,present
38,female,non_anginal,?,no,not_present
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© © © Weka GUI Chooser

Waikato Environment for
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Explorer: pre-processing

= Source
= Data can be imported from a file in various formats: ARFF, C
SV, C4.5, binary
= Data can also be read from a URL or from an SQL database
(using JDBC)

= Pre-processing tools

= Called “filters”
= Discretization, normalization, resampling, attribute selection,
transforming and combining attributes, ...

0006 Weka Knowledge Explorer
fPreprocess‘ Classify ' Cluster ‘ Associate Y Select attributes Y Visualize ]
= T ——
Open file... Open URL... Open DB... Undo Save...
Filter
[ Choose ||None Apply
Current relation Selected attribute
Relation: None Name: None Type: None
Instances: None Attributes: None Missing: None Distinct: None Unique: None
Attributes
151 ( visualize All )
- Status
| Welcome to the Weka Knowledge Explorer (_tog ) w x0
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Instances: None Attributes: None Missing: None

eka Knowledge Explorer
0006 Weka Knowledge Expl
H’npmcess-‘ Classify l Cluster I Associate ] Select attributes ] Visualize ]

( Openfile... K( OpenURL.. ) (  oOpenDB.. ) Undo ( Save... )
~Filter N
{ Choose ‘|None \ | Apply
~Current relation N Selected attrib

Relation: None Name: None Type: None

Distinct: None

Unique: None

@ ( Visualize All )

Status
Welcome to the Weka Knowledge Explorer

{ Log ~‘xo

0006 Weka Knowledge Explorer
anmee”-{ Classify I Cluster ' Associate I Select attributes ' Visualize l
( Open file... ) ( Open URL... ) ( Open DB... ) Undo ( Save... )
Filter
{ Choose ‘»INone ‘.‘ Apply )
~Current relation | d attrib
Relation: iris Name: sepallength Type: Numeric
Instances: 150 Attributes: 5 Missing: 0 (0%) Distinct: 35 Unique: 9 (6%)
pAtibies——-————————| Statistic—————— | ———————Valuge—————
No. Name Minimum 4.3
1 sepallength Maximum 7.9
2 sepalwidth Mean 5.843
3 petallength StdDev 0.828
4 petalwidth
Sclass
"Colour: class (Nom) @ ( Visualize All )
~Status
oK (Clog ) g *°
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0006 Weka Knowledge Explorer
'-Pmpmcesr{ Classify l Cluster l Associate ' Select attributes ' Visualize l
( openfile.. ) ( openURL. ) (  OpenDB. ) Undo ( Save... )
~Filter
C Choose)|None “ Apply )
~Current relation | d attribt
Relation: iris Name: sepallength Type: Numeric
Instances: 150 Attributes: 5 Missing: 0 (0%) Distinct: 35 Unique: 9 (6%)
rAttrib Statistic Value
No. Name Minimum 4.3
1 sepallength Maximum 7.9
2 sepalwidth Mean 5.843
3 petallength StdDev 0.828
4 petalwidth
5class
[ Colour: class (Nom) 1% (Visualize AIl)
~Status
oK
0006 Weka Knowledge Explorer
’—'-Pnpmee”-‘ Classify l Cluster I Associate I Select attributes I Visualize ]
( Open file... ) ( Open URL... ) ( Open DB... ) Undo ( Save... )
Filter
{ Choosej|None |\' Apply
~Current relation ‘ d attrib
Relation: iris Name: class Type: Nominal
Instances: 150 Attributes: 5 Missing: 0 (0%) Distinct: 3 Unique: 0 (0%)
Attri Label Count
No. Name Iris-setosa 50
1 sepallength Iris-versicolor 50
2 sepalwidth Iris-virginica 50
3 petallength
4 petalwidth
Slclass ]
" Colour: class (Nom) %) (Visualize Al
. .
Status
Ok (Cog ) S
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000 Weka Knowledge Explorer
’r Preprocess { Classify T Cluster r Associate T Select attributes T Visualize ‘
- > T T
Open file... ) Open URL... ( Open DB... Undo Save...
Filter
Choose ‘None Apply
Current relation Sel d attributs ‘
Relation: iris Name: class Type: Nominal
Instances: 150 Attributes: 5 Missing: 0 (0%) Distinct: 3 Unique: 0 (0%)
[Attributes Label Count
No. Name Iris-setosa 50

1 sepallength Iris-versicolor 50

2 sepalwidth Iris-virginica 5

3 petallength

4 petalwidth

Slclass |

" Colour: class (Nom) m Visualize All
S0 S0 50
Status
oK (log ) g x0
006
rsepallength rsepalwidth petallength
21 38

37
18
17 15
14
12
- 10
3 4
2 2
0 0
5 [
1 3.95

4.3

petalwidth class
34
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0006

Weka Knowledge Explorer

}—Prepmcess-‘ Classify l Cluster I Associate ] Select attributes ] Visualize ]

(  openfile.. ) openurL.. ) openbDB.. ) Undo ( Save... )
~Filter
{ Choose ‘|None |( Apply )
~Current relation Sell d attrib
Relation: iris Name: petallength Type: Numeric
Instances: 150 Attributes: 5 Missing: 0 (0%) Distinct: 43 Unique: 10 (7%)
rAttrib Statistic Value
No. Name Minimum 1
1 sepallength Maximum 6.9
2 sepalwidth Mean 3.759
3 petallength | StdDev 1.764
4 petalwidth
5class
" Colour: class (Nom) Q ( Visualize All )
37
18y e
11 12 L 0
& o ('] & . 2 ‘
1 3.85 6.9
Status
oK ‘ (g ) g *°
0006 Weka Knowledge Explorer
F-Pnploeesr{ Classify l Cluster I Associate I Select attributes I Visualize ]
( Open file... ) ( Open URL... ) ( Open DB... ) 7777777 Undo { Save... )
Filter
None |( Apply )
~Current relatio | d attribt
Relation: iris Name: petallength Type: Numeric
Instances: 150 Attributes: 5 Missing: 0 (0%) Distinct: 43 Unique: 10 (7%)
rAttril “ Statistic Value
No. Name Minimum 1
1 sepallength Maximum 6.9
2 sepalwidth Mean 3.759
3petallength | StdDev 1.764
4 petalwidth
5class
" Colour: class (Nom) 1) ( Visualize AIl)
37
1847 o
11 12 1 10
20 o Sami 2 &
1 3.95 6.9
Status
oK o) g *0
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0006

Weka Knowledge Explorer

'—Hepmms-‘ Classify l Cluster I Associate ] Select attributes ] Visualize ]

€ openfile.. ) (

Y€  openDB.. )¢ Undo

( Save... )

~Filter

. weka

Lw [ filters

i ¥ | unsupervised
» | attribute

L » | instance

|( Apply )

| q L

Name: petallength

Type: Numeric

Missing: 0 (0%) Distinct: 43 Unique: 10 (7%)
Statistic Value
Minimum 1
r Maximum 6.9
Mean 3.759
StdDev 1.764

" Colour: class (Nom)

@ ( Visualize All )

18_ 47 o

11 12 ) 10

4 4

! om0 0 W 2

1 3.95 6.9
Status
OK '  Log ) ‘L x 0
000 Weka Knowledge Explorer

H’nploeen-{ Classify l Cluster I Associate I Select attributes ' Visualize ]

( Open file... ) ( ) ( Open DB... ) 7777777 Undo (T
Filter
ey | Apply
Lw [ filters .
i ¥ | unsupervised attribt
» | attribute _Name: petallength = Type; Numeric
i » | instance Missing: 0 (0%) Distinct: 43 Unique: 10 (7%)
i Statistic Value
Minimum 1
F Maximum 6.9
Mean 3.759
StdDev 1.764
" Colour: class (Nom) ) (Visualize AIl)
37
1847 o
11 12 14 0
- 0 ] = . 2 -
I
1 3.95 6.9

Status

oK

1' Log “xo
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0006

Weka Knowledge Explorer

}—Prepmcess-‘ Classify l Cluster I Associate ] Select attributes ] Visualize ]

(  openfile.. ) (

Open URL...

Y€ openDB.. ) Undo

1§ Save... )

~Filter

. weka

Lw | filters
i ¥ | unsupervised
v | attribute

L ~ Add

AddCluster

_ AddExpression

_ AddNoise

_ Copy

_ Discretize

_ FirstOrder

~ Makelndicator
MergeTwoValues
NominalToBinary
Normalize

_ NumericToBinary

_ NumericTransform

1 |( Apply )
Name: petallength Type: Numeric
Missing: 0 (0%) Distinct: 43 Unique: 10 (7%)
Statistic Value
Minimum 1
i Maximum 6.9
Mean 3.759
StdDev 1.764
u " Colour: class (Nom) Q ( Visualize All )
37

_ Obfuscate
_ PKIDiscretize
7’ Remove \;
_ RemoveType v
) e
Status
oK
0006 Weka Knowledge Explorer
F-Pnploeesr{ Classify l Cluster I Associate I Select attributes I Visualize ]
( Open file... ) ( Open URL... ) ( Open DB... ) 7777777 Undo { Save... )
Filter
( Choose )|Discretize -B 10 -R first-last |( Apply )
~Current relation ‘ d attrib
Relation: iris Name: petallength Type: Numeric
Instances: 150 Attributes: 5 Missing: 0 (0%) Distinct: 43 Unique: 10 (7%)
- Attril Statistic Value
No. Name Minimum 1
1 sepallength Maximum 6.9
2 sepalwidth Mean 3.759
3 petallength StdDev 1.764
4 petalwidth
5class
" Colour: class (Nom) 1) ( Visualize AIl)
37
Status
Ok (Cog ) S
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000 Weka Knowledge Explorer

}-Pnpmcess—‘ Classify l Cluster I Associate ] Select attributes ] Visualize ]

(  openfile.. ) openurL.. ) openbDB.. ) Undo ( Save... )
~Filter
{ Choose ‘|Discretize -B liﬁrst—last |“ Apply )
~Current relation Selected attrib
Relation: iris Name: petallength Type: Numeric
Instances: 150 Missing: 0 (0%) Distinct: 43 Unique: 10 (7%)
rAttrib Statistic Value
No. Minimum 1
1 sepallength Maximum 6.9
2 sepalwidth Mean 3.759
3 petallength StdDev 1.764
4 petalwidth
5class
" Colour: class (Nom) @ ( Visualize All )
37
1847 o
11 12 L 0
a 0 0 & . 2 ‘
1 3.85 6.9
Status
OK ‘ (tog ) g %0
0006 Weka Knowledge Explorer
’—'-Pnpmee”-‘ Classify l Cluster I Associate I Select attributes I Visualize ]
( Open file... ) ( Open URL... ) ( Open DB... ) Undo ( Save... )
Filter
{ Choosej|Discretize -B10 -Rfirst-last © O O weka.gui.GenericObjectEditor J’ Apply )
~Currentrelation weka.filters.unsupervised.attribute.Discretize —
Relation: iris ADout : Numeric
Instances: 150 Attributes: ! Ani ce flter that discretizes a range of numeric ey 1 10 (7%)
— Attril b in the dataset into nominal attributes. \ J e=
No. Name = =
1 sepallength attributelndices first-last
2 sepalwidth =
3 petallength bins 10
4 petalwidth
5 class findNumBins _ False 9
. . - —
invertSelection  False Q T
makeBinary  False @
useEqualFrequency "False %
 open.. ) ( save.. ) ok ) cancel )
11 i 10
20 o B ! 24
1 3.95 6.9
Status
oK o) g *0
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0006

Weka Knowledge Explorer

}—Prepmcess-‘ Classify l Cluster I Associate ] Select attributes ] Visualize ]

makeBinary  False

)
)

useEqualFrequency "True

 open.. ) ( save.. ) ok ) cancel )

11 73

(  openfile.. ) openurL.. ) openbDB.. ) Undo ( Save... )
~Filter
( Choose ‘|Discretize -B10 -Rfirst-last © O © weka.gui.GenericObjectEditor J( Apply )
—Currentrelation weka.filters.unsupervised.attribute.Discretize
Relation: iris About : Numeric
Instances: 150 Attributes: ! | Ani filter that discretizes a range of numeric : 10 (7%)
~ Attrib ib in the dataset into nominal attributes. @ e—
No. Name
1 sepallength attributelndices first-last
2 sepalwidth =
3 petallength bins 10
4 petalwidth
S?Iass findNumBins _ False %
invertSelection | False ’-H Visualize Al
—_—
makeBinary | False =)
useEqualFrequenc False @
) ( Save... ) ( oK ) ( Cancel )
11 =t 10
Zemo 0 _2—4-
1 3.85 6.9
Status
oK ‘ (g ) g *°
0006 Weka Knowledge Explorer
F-Pnploeesr{ Classify l Cluster I Associate I Select attributes I Visualize ]
( Open file... ) ( Open URL... ) ( Open DB... ) 7777777 Undo { Save... )
Filter
{ Choose )|Discretize -810 -Rfirst-last © O © weka.gui.GenericObjectEditor J( Apply )
—Cumentrelation weka.filters.unsupervised.attribute.Discretize —
Relation: iris ADout : Numeric
Instances: 150 Attributes: ! | Ani filter that di arange ofnumeric  ,————— | 1 10 (7%)
Al ibutes in the dataset into nominal attributes. {__More A—
No. Name = =
1 sepallength attributelndices first-last
2 sepalwidth =
3 petallength bins 10
4 petalwidth -
5 class findNumBins | False 9
invertSelection  False % eIl
—_—

10

6.9

Status

oK

‘ Log “xo
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0006 Weka Knowledge Explorer
}—Prepmcess-‘ Classify l Cluster I Associate ] Select attributes ] Visualize ]
(  openfile.. ) openurL.. ) openbDB.. ) Undo ( Save... )
~Filter
( Choose ‘|Discretize -B10 -Rfirst-last © O © weka.gui.GenericObjectEditor J( Apply )
—Currentrelation weka.filters.unsupervised.attribute.Discretize
Relation: iris About : Numeric
Instances: 150 Attributes: ! | Ani filter that di a range of numeric : 10 (7%)
~ Attrib ib in the dataset into nominal attributes. @ e—
No. Name
1 sepallength attributelndices first-last
2 sepalwidth =
3 petallength bins 10
4 petalwidth
S?Iass findNumBins _ False %
. I . ( -
invertSelection | False 49 N
makeBinary | False =)
useEqualFrequency  True @
( Open... ) ( Save... ) ( K ) ( Cancel )
1 3.85 6.9
Status
oK ‘ (g ) g *°
0006 Weka Knowledge Explorer
F-Pnploeesr{ Classify l Cluster I Associate I Select attributes I Visualize ]
( Open file... ) ( Open URL... ) ( Open DB... ) 7777777 Undo { Save... )
Filter
{ Choose )|Discretize -F -B 10 -R first-last |( Apply )
~Current relation ‘ d attrib
Relation: iris Name: petallength Type: Numeric
Instances: 150 Attributes: 5 Missing: 0 (0%) Distinct: 43 Unique: 10 (7%)
- Attril Statistic Value
No. Name Minimum 1
1 sepallength Maximum 6.9
2 sepalwidth Mean 3.759
3petallength | StdDev 1.764
4 petalwidth
5class
" Colour: class (Nom) 1) ( Visualize AIl)
37
1847 o
11 12 1 10
20 o Sami 2 &
1 3.95 6.9
Status
OK

‘ Log “xo
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000 Weka Knowledge Explorer

}-Pnpmcess—‘ Classify l Cluster I Associate ] Select attributes ] Visualize ]

( D E ¢ Open URL... b E ¢ Open DB... ) Undo \' Save... )

{ Open file... » = ¢ ) ( )
~Filter
{ Choose ‘|Discretize -F -B 10 -R first-last WApply )
~Current relation Sell d attrib y 4
Relation: iris Name: petallength e: Numeric
Instances: 150 Attributes: 5 Missing: 0 (0%) Distinct: 43 ique: 10 (7%)
~Attrib Statistic & Value
No. Name Minimum 1
1 sepallength Maximum 6.9
2 sepalwidth Mean 3.759
3 petallength | StdDev 1.764
4 petalwidth
5class
" Colour: class (Nom) @ ( Visualize All )
37
18y e
11 12 L 0
a 0 0 & . 2 ‘
1 3.85 6.9
Status
OK ‘ (tog ) g %0
0006 Weka Knowledge Explorer
’—'-Pnpmee”-‘ Classify l Cluster I Associate I Select attributes I Visualize ]
( Open file... ) ( Open URL... ) ( Open DB... ) ( Undo ) ( Save... )
Filter
{ Choosej|Discretize -F -B 10 -R first-last |\' Apply
~Current relation ‘ d attrib
Relation: iris-weka.filters.unsupervised.attribute.Disc... Name: petallength Type: Nominal
Instances: 150 Attributes: 5 Missing: 0 (0%) Distinct: 10 Unique: 0 (0%)
~Attri Label Count
NG Nama '(-inf-1.45] 23
1sepallength :(1'45' 1'55:]' 14
2 sepalwidth 7835;1951, E
3|petallength J [l o562
4 petalwidth 7(3.95—4.35]' 14 "
Sclass (4.35-4.65] 15 N
'(4.65-5.05]' 18 b4
" Colour: class (Nom) %) (Visualize Al
23
18 17
15
. . i . I I i I i
Status
OK (tog ) g *0

Machine Learning for Data Mining

14



Explorer: building “classifiers”

= Classifiers in WEKA are models for predicting
nominal or numeric quantities

= Implemented learning schemes include:

= Decision trees and lists, instance-based classifiers, support v
ector machines, multi-layer perceptrons, logistic regression,
Bayes’ nets, ...

s “Meta’-classifiers include:

= Bagging, boosting, stacking, error-correcting output codes, lo
cally weighted learning, ...

0006 Weka Knowledge Explorer

( Preprocess ' Classify‘ Cluster Y Associate ‘ Select attributes Y Visualize |

Classifier

{ Choose ) |ZeroR

Test options Classifier output
O Use training set
O Supplied test set Set

@ Cross-validation Folds 10
O Percentage split

More options...

(Nom) class ﬂ

Start ) Stop

Result list (right-click for options)

Status

oK .~ log | “\XO
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000 Weka Knowledge Explorer

{ Preprocess HMH Cluster I Associate ] Select attributes ] Visualize ]

~Cl ifi
{ Choos%emk
~Test options N r-Classifier output

O Use training se

O Supplied test set Set...

@ Cross-validation Folds 10

O Percentage split % 66

( More options... )
" (Nom) class B

~Result list (right-click for options) ————

Status

oK o) g *0

000 Weka Knowledge Explorer

[ Preprocess FEh”M Cluster ' Associate I Select attributes ' Visualize l

“Classif

. weka

L ¥ | classifiers

~  » | bayes ifier output

» | functions
> | lazy
> | meta
» | misc
¥ | trees
» | adtree
_ DecisionStump
: | Cd3
{ v (7 j48
8
( > | Ime
> oms
_ RandomForest

_ RandomTree

_ REPTree

_ UserClassifier
» | rules

-Status

oK Log ‘)« x0
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000 Weka Knowledge Explorer

[ Preprocess ‘-ehosiiy-{ Cluster [ Associate ] Select attributes ] Visualize ]

~Cl ifi

{ Choose )1]48 -C0.25-M2

~Test options r-Classifier output

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

@ Cross-validation Folds 10
O Percentage split % 66

( More options... )

" (Nom) class B

~Result list (right-click for options)

Status

oK (o) g *0

0006 Weka Knowledge Explorer
{ Preprocess HMH Cluster I Associate ' Select attributes ' Visualize ]
—Classifi
{ Choose )1]48 -C0.25-M2 ‘
~Testoptions N r-Classifier output

O Use training set

O Supplied test set Set...

@ Cross-validation Folds 10

(0 percentage split % 66
( More options... )
" (Nom) class )

~Result list (right-click for options) —————

Status

oK o) g *0
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0006

Weka Knowledge Explorer

[ Preprocess Hhss'fy-{ Cluster I Associate ] Select attributes ] Visualize ]

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

@ Cross-validation Folds 10
O Percentage split % 66

( More options...

"(Nom) class

~Result list (right-click for options)

“Classifi
( Choose/]HB -C0.25-M2 "® O © weka.gui.GenericObjectEditor
~Test options weka.classifiers.trees.j48.J48

binarySplits
confidenceFactor
minNumObj
numFolds
reducedErrorPruning
savelnstanceData
subtreeRaising
unpruned

uselaplace

False B‘

0.25

2

3

(Open...) ( Save...

Y} € ox ) (cancel)

O Use training set

(O Supplied test set Set...

@ Cross-validation Folds 10
(0 percentage split % 66

( More options...

{ (Nom) class

~Result list (right-click for options)

binarySplits
confidenceFactor
minNumObj

numFolds
reducedErrorPruning
savelnstanceData
subtreeRaising
unpruned

uselaplace

Status
OK { Log ) ‘L x 0
0006 Weka Knowledge Explorer
[ Preprocess '—elnﬁfy-tl Cluster I Associate I Select attributes ' Visualize ]
“Classifi
(ChooseJ‘Ha -C0.25-M2 "® O © weka.gui.GenericObjectEditor
~Test options weka.classifiers.trees.j48.J48

False B‘

0.25

2

3

(Open...) ( Save...

) € ok

( Cancel )

Status
oK

 Log )

x 0
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000 Weka Knowledge Explorer

[ Preprocess ‘-ehosiiy-{ Cluster [ Associate ] Select attributes ] Visualize ]

~Cl ifi

{ Choose )1]48 -C0.25-M2

~Test options r-Classifier output

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

@ Cross-validation Folds 10
O Percentage split % 66

( More options... )

" (Nom) class B

~Result list (right-click for options) ————

Status

oK (o) g *0

0006 Weka Knowledge Explorer
{ Preprocess HMH Cluster I Associate ' Select attributes ' Visualize ]
“Classifi
(Mhn -C025-M2
~Testoptions r-Classifier output

O Use training set

O Supplied test set Set...

@ Cross-validation Folds 10
%rcentage split % 66

( \ More options... )
N
s N
(Nom) class N )
-

~Result list (right-click for options)

Status

oK o) g *0
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Weka Knowledge Explorer

[ Preprocess ‘-ehosiiy-{ Cluster [ Associate ] Select attributes ] Visualize ]

~Cl ifi

{ Choose )1]48 -C0.25-M2

~Test options r-Classifier output

(O Use training set

O Supplied test set Set...

(O Cross-validation Folds 10

) percentage split % 66

( More options... )
" (Nom) class B

~Result list (right-click for options)

Status
oK | < O
000 Weka Knowledge Explorer
{ Preprocess HMH Cluster I Associate ' Select attributes ' Visualize ]
—Cl

{ Choose )1]48 -C0.25-M2

O Use training set

O Supplied test set Set...

O Cross-validation Folds 10
) percentage split % 66

( More options... ‘ )
{ (Nom) class A

~Result list (right-click for options)

~Testoptions r-Classifier output

Status
oK

o) g *0
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Weka Knowledge Explorer

[ Preprocess Hhss'fy-{ Cluster I Associate ] Select attributes ] Visualize ]

~Cl ifi

{ Choose /‘1148 -C0.25-M2

~Testoptions

O Use training set

() Cross-validation Folds 10

O Supplied test set Set...

) percentage split % 66

( More options...

"(Nom) class

~Result list (right-click for options)

rCl

output

© O O Classifier evaluation opt

8 Output model

B Output per-class stats

] Output entropy evaluation measures
B Output confusion matrix

8 Store predictions for visualization
__ Output text predictions on test set
] Cost-sensitive evaluation = Set...

Random seed for XVal / % Split 1

( oK )

O Use training set

O Cross-validation Folds 10

(O Supplied test set Set...

- Percentage split % 66

( More options...

{ (Nom) class

~Result list (right-click for options)

Zh:(m { Log ) ‘L x 0
0006 Weka Knowledge Explorer
[ Preprocess '—elnﬁfy-tl Cluster I Associate I Select attributes ' Visualize ]
“Classifi
W)bn -C0.25-M2
~Testoptions r-Classifier output

© O © Classifier evaluation opt

8 Output model

g Output per-class stats

] Output entropy evaluation measures
8 Qutput confusion matrix

E Store predictions for visualization
" Output text predictions on test set
[} Cost-sensitive evaluation = Set...

Random seed for XVal / % Split 1

C OK W, )

Status

oK
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000 Weka Knowledge Explorer
[ Preprocess ‘-ehosiiy-{ Cluster [ Associate ] Select attributes ] Visualize ]

~Cl ifi

{ Choose )1]48 -C0.25-M2

~Test options r-Classifier output

(O Use training set

O Supplied test set Set...

(O Cross-validation Folds 10

) percentage split % 66

( More options... )
" (Nom) class B

~Result list (right-click for options)

Status
oK (o) g *0

0006 Weka Knowledge Explorer
{ Preprocess HMH Cluster I Associate ' Select attributes ' Visualize ]
“Classifi
(Mhn -C025-M2
~Testoptions r-Classifier output

O Use training set

O Supplied test set Set...

O Cross-validation Folds 10

) percentage split % 66
( More options... )
" (Nom) class )

(Saipg ) Sop
~Result list (right-clicR& options) —————

Status
oK o) g *0
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Weka Knowledge Explorer

[ Preprocess M Cluster ] Associate l Select attributes l Visualize ]

( Start ) € Stop

“Classifi
{ Choose 1]48 -C0.25-M2
~Test options rClassifier output
O Use training set === Run information ===
O Supplied test set £—Set.—) Scheme: weka.classifiers.trees.j48.J48 -C 0.25 -M 2
~ Relation: iris
(_ Cross-validation Folds 10 Instances: 150
" Attributes: 5
@ Percentage split % 66 sepallength
- sepalwidth
( More options... ) petallength
petalwidth
[ class
(Nom) class @ Test mode: split 66% train, remainder test

~Result list (right-click for options) ————

=== Classifier model (full training set) ===

J48 pruned tree

111:49:05 - trees.j48.)48

petalwidth <= 0.6: Iris-setosa (50.0)

petalwidth > 0.6

| petalwidth <= 1.7

| | petallength <= 4.9: Iris-versicolor (48.0/1.0)
| | petallength > 4.9

| | | petalwidth <=1 Iris-virginica (3.0)

|

|

5:

| | petalwidth > 1. Iris-versicelor (3.0/1.0)
petalwidth > 1.7: Iris-virginica (46.0/1.0)

Number of Leaves : 5

<>

Status

OK

| Clog ) g x©

e0ce

Weka Knowledge Explorer

[ Preprocess ’-Slmlﬁr-‘ Cluster ' Associate I Select attributes I Visualize ]

~Cl

Choose ) J48 -C 0.25 -M 2

~Testoptions

O Use training set

O Cross-validation Folds
® Percentage split %

O Supplied test set  ~ Set...

10
66

( More options...

p)

r-Classifier output

Run information

Scheme:

" (Nom) class

( Start )

Stop

~Result list (right-click for options)

|11:49:05 - trees.j48.J48

weka.classifiers.trees.j48.J48 -C 0.25 -M 2 f
Relation: iris i
Instances: 150 |
Attributes: 5
sepallength
sepalwidth |
petallength |
petalwidth I
= class
Fe* Test mode: split 66% train, remainder test
\ = Classifier model (full training set) = i

J48 pruned tree

petalwidth <= 0.6: Iris-setosa (50.0)

petalwidth > 0.6

| petalwidth <= 1.7

| | petallength <= 4.9: Iris-versicolor (48.0/1.0)
| | petallength > 4.9

] | | petalwidth <= 1.5: Iris-virginica (3.0)

|

|

| | petalwidth > 1. Iris-versicolor (3.0/1.0)
petalwidth > 1.7: Iris-virginica (46.0/1.0) »

a

Nurmber of Leaves : 5 'y

Status

oK

(@B ST
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Weka Knowledge Explorer

[ Preprocess HQ.H Cluster ] Associate l Select attributes I Visualize l

“Classifi

{ Choose )1]48 -C0.25-M2

~Testoptions

(O Use training set

O Cross-validation Folds 10
@ Percentage split % 66

O Supplied test set  ~ Set...

( More options...

)

rClassifier output

"(Nom) class

3

( Start ) € Stop

~Result list (right-click for options)

111:49:05 - trees.j48.)48

=== Run information ===

Scheme: weka.classifiers.trees.j48.J48 -C 0.25 -M 2

Relation: iris

Instances: 150

Attributes: 5
sepallength
sepalwidth
petallength
petalwidth
class

Test mode:

=== Classifier model (full training set)

J48 pruned tree

petalwidth <= 0.6: Iris-setosa (50.0)
petalwidth > 0.6
| petalwidth <= 1.7

| petallength <= 4.9: Iris-versicolor (48.0/1.0)

|

| | petallength > 4.9

| | |

I | | petalwidth > 1.
|

Number of Leaves : 5

split 66% train, remainder test

petalwidth <= 1.5: Iris-virginica (3.0)
Iris-versicolor (3.0/1.0)
petalwidth > 1.7: Iris-virginica (46.0/1.0)

e

Status
oK

| Clog ) g x©

e0ce

Weka Knowledge Explorer

[ Preprocess Hmlﬁy-‘ Cluster ' Associate I Select attributes I Visualize ]

~Cl

Choose ) J48 -C 0.25 -M 2

~Testoptions

O Use training set

O Cross-validation Folds 10
® Percentage split % 66

O Supplied test set  ~ Set...

( More options...

D)

r-Classifier output

" (Nom) class

)

( Start ) € Stop

~Result list (right-click for options)

|11:49:05 - trees.j48.J48

Time taken to build model: 0.24 seconds

Evaluation on test split ===
Summary ===

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absclute error

Root mean squared error
Relative absolute error

Root relative squared error
Total Number of Instances

Detailed Accuracy By Class

TP Rate FP Rate Precision Recall
1 0 b o
b 0.063 0.905 b
0.882 0 1 0.882

=== Confusion Matrix ===

a b ¢ <-- classified as

15 0 0| a = Iris-setosa
019 0| b = Iris-versicolor
0 215 | ¢ = Iris-virginica

49 96.078
2 3.921
0.9408
0.039¢
0.1579
8.8979 %

33.4091 %

51

o
o

F-Measure Class

1 Iris-setosa
0.95 Iris-versicolor
0.938 Iris-virginica

-y EC————————>)

Status

oK

(@B ST
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Weka Knowledge Explorer

( Start ) € Stop

~Result list (right-click for options)

=== Detailed Accuracy By Class

|11:49:05 - trees.j48.)4

TP Rate FP Rate Precision Recall
0

F-Measure

Preprocess Cluster | Associate | Select attributes | Visualize
—Classifi
( Choose ) J48 -C 0.25 -M 2 |
~Testoptions r-Classifier output
O Use training set r
Time taken to build medel: 0.24 seconds
O Supplied test set  ~ Set...
e Evaluation on test split ===
O Cross-validation Folds 10 === Summary ===
e Percentage split % 66 Correctly Classified Instances 49 96.0784 %
- Incorrectly Classified Instances 2 3.9216 %
( More options... ) || xappa statistic 0.9408
Mean absolute error 0.0396
p Root mean sguared error 0.1579
(Nom) class Fei! Relative absolute error 8.8979 %
Root relative squared error 33.4091 %
Total Number of Instances 51

Class

1 1 1 1 Iris-setosa

1 0.063 0.905 i 0.95 Iris-versicolor

0.882 0 | 0.882 0.938 Iris-virginica

N === Confusion Matrix ===

a b ¢ <-- classified as

15 0 0| a = Iris-setosa

019 0| b = Iris-versicolor \:

0 215 | ¢ = Iris-virginica =
v

~Status
OK

Log ‘. x 0

80806

Weka Knowledge Explorer

[ Preprocess M Cluster I Associate l Select attributes I Visualize ]

~Cl ifi

{ Choose )1]48 -C0.25-M2

~Testoptions

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

O Cross-validation Folds 10

rClassifier output

Evaluation on test split ===
Summary ===

Time taken to build model: 0.24 seconds

e Percentage split % 66 Correctly Classified Instances 49 96.0784 %
- Incorrectly Classified Instances 2 3.9216 %
( More options... ) Kappa statistic 0.9408
Mean absclute error 0.039¢
p Root mean squared error 0.1579
(Nom) class % Relative absolute error 8.8979 %
Root relative squared error 33.4091 %
= Total Number of Instances 51
( Start ) Stop
=== Detailed Accuracy By Class ===
~Result list (right-click for options)
A0 n TP Rate FP Rate Precision Recall F-Measure Class
|11:49:05 - trees.j48.J48 | 1 o 1 1 1 Iris-setosa
1 0.063 0.905 1 0.95 Iris-versicolor
0.882 0 b 0.882 0.938 Iris-virginica
=== Confusion Matrix ===
a b c <--classified as
15 0 0| a = Iris-setosa
019 0| b = Iris-versicolor \;
0 215 | ¢ = Iris-virginica 3
~Status
OK

Clog ) g *0

Machine Learning for Data Mining

25



<-- classified as

b [¢
I R I - - Iris-sctosa

19 I b-Iris-versicolor

15 c=Iris-virginica

consider "TRUE"= iris-virginica and FALSE= everything else

Ground truth
FALSE TRUE
detector silent ANGEE]
detector loud [eGK0]

Eleelli-la' (A+D)/(A+B+C+D)| (34+15)/51 96%
recall (pd) D/(B+D) 15/(2+15) 88%
false alarm (pf) C/(A+0) 0/34 0%
precision D/(C+D) 15/(15+0) 100%
f-measure 2*prec*pd/ 2*1%*0.88/
(prec+pd) (1+0.88) 94%

Collect separately for each class.
Repeat 10 times (re-ordering data) * 10-way
Repeat for each learner * discretizer *x *y * ...

000 Weka Knowledge Explorer

( Preprocess ’ Classify { Cluster I Associate I Select attributes [ Visualize |

Classifier

 Choose )|J48 -C 0.25 -M 2

Test options Classifier output

) Use training set
) Supplied test set

) Cross-validation

@ percentage split % 66

£

More options...

(Nom) class T’

Start

Result list (right-click for options)
11:49:05 - trees.j48.J48

View in main window
View in separate window
Save result buffer 0.982

Load model
Save model

Visualize classifer errors
Visualize tree

Visualize margin curve
Visualize threshold curve 4 Log 'ﬂ‘ x 0
Visualize cost curve > —

Status
OK
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000 Weka Knowledge Explorer
[ Preprocess ‘-ehosiiy-{ Cluster [ Associate ] Select attributes ] Visualize ]

~Cl ifi

(Choose ) J48 -C 0 25 -M> —
5= 0 O O Weka Classifier Tree Visualizer: 11:49:05 - trees.j48.J48 (iris) -

~Testoptions Tree View

(O Use training set

(O Supplied test set
) Cross-validation

® percentage split Q 96.0784 %

<=06 06 ) N

3.9216 %

e -
(Nom) class ~_
: =49 ! E>4_9 )

~Resultlist (right-click for- ‘
ass

11:49:05 - trees.j48.) =15 >15 is-setosa

e is-versicelor
e-rginica (3.0)| | Eeee

5 U u | @& - ifis-selusa
019 0| b = Iris-versicolor
0 2 | ¢ = Iris-virginica

T« (€

Status

oK (o) g *0

0006 Weka Knowledge Explorer
{ Preprocess HMH Cluster I Associate ' Select attributes ' Visualize ]
“Classif
{ Choose )1]48 -C0.25-M2
~Testoptions r-Classifier output
O Use training set ) ‘ r
7777777 - Time taken to build model: 0.24 seconds
O Supplied test set Set...
e Evaluation on test split ===
O Cross-validation Folds 10 Summary ===
@® Percentage split % 66 Correctly Classified Instances 49 96.0784 %
- Incorrectly Classified Instances 2 3.9216 %
( More options... Y-||| kappa statistic 0.9408
Mean absolute error 0.0396
p Root mean squared error 0.1579
(Nom) class %) | relative absolute er 8.8979 %
Root relative square rror 33.4091 %
p " Total Number of Insglnces 51
Stop
=== Detailed Accurac y Class ===
~Result list (right-click for options} d
- View in main window . - c
[11:49:05 - trees.j48.J48 = . Recall F¥Measure  Class
View in separate window 1 1 Iris-setosa
h 0.95 Iris-versicolor
Save result buffer 0.882 0.938  Iris-virginica
Load model
Save model
Re-evaluate model on current test set
= = = lor v
Visualize classifer e . 4
Visualize tree b
Status—Visualize margin curve
oK Visualize threshold curve » ‘ x 0
Visualize cost curve 4
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Weka Knowledge Explorer

[ Preprocess HQ.H Cluster ] Associate l Select attributes I Visualize l

“Classifi

{ Choose )1]48 -C0.25-M2

~Testoptions

(O Use training set

(O Supplied test set

Set...

O Cross-validation Folds 10

rClassifier output

® percentage split % 66

( More options... )
"(Nom) class %
( Start ) Stop

~Result list (right-click for options)

111:49:05 - trees.j48.)48

Time taken to build model: 0.24 seconds

Evaluation on test split ===
Summary =

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absoclute error

Root mean squared error
Relative absclute error

Root relative squared error
Total Number of Instances

Detailed Accuracy By Class =

TP Rate FP Rate Precision Recall

1 0 1 1
1 0.063 0.905 1
0.882 0 1 0.882

=== Confusion Matrix ===

a b ¢ <-- classified as

15 0 0| a = Iris-setosa
019 0| b = Iris-versicolor
0 215 | ¢ = Iris-virginica

49

2

0.9408
0.039¢
0.1579
8.8979 %
33.4091 %
51

F-Measure
1
0.95
0.938

96.0784 %
3.9216 %

Class
Iris-setosa
Iris-versicolor
Iris-virginica

T4l s (PEEEEEEEEEY

Status

OK

| Clog ) g x©

e0ce

Weka Knowledge Explorer

[ Preprocess Hmlﬁy-‘ Cluster ' Associate I Select attributes I Visualize ]

( Chooi )48 -C0.25 -M 2

b

~Testoptions
) e
{_ Use training s

(O Supplied test set

® Percentage split

Set...

O Cross-validation Folds 10

% 66

( More options...

D)

r-Classifier output

" (Nom) class

)

( Start )

Stop

~Result list (right-click for options)

|11:49:05 - trees.j48.J48

Time taken to build model: 0.24 seconds

Evaluation on test split ===
Summary ===

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absclute error

Root mean squared error
Relative absolute error

Root relative squared error
Total Number of Instances

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall
1 0 b o
b 0.063 0.905 b
0.882 0 1 0.882

=== Confusion Matrix ===

a b ¢ <-- classified as

15 0 0| a = Iris-setosa
019 0| b = Iris-versicolor
0 215 | ¢ = Iris-virginica

49

2

0.9408
0.039¢
0.1579
8.8979 %
33.4091 %
51

F-Measure
b
0.95
0.938

96.078
3.921

o
o

Class
Iris-setosa
Iris-versicolor
Iris-virginica

-y EC————————>)

Status
oK

(@B ST
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800

Weka Knowledge Explorer

[ Preprocess H”'H

Cluster ] Associate l Select attributes I Visualize l

“Classifi
. weka
L ¥ | classifiers
» | bayes "output
v | functions r
“ . tken to build model: 0.24 seconds
_ LeastMedSq
_ LinearRegression 1luation on test split ===
_ Logistic ary =
¥ [ neural lly Classified Instances 49 96.0784 %
~ NeuralNetwork wctly Classified Instances 2 3.9216 %
= statistic 0.9408
ace
L > Fj p »solute error 0.0396
» | supportVector an squared error 0.1579
~ SimpleLinearRegression re absclute error 8.8979 %
™ simpleLogistic :lative squared error 33.4091 %
= P 9 furber of Instances 51
_ VotedPerceptron
© Winnow tailed Accuracy By Class =
] > L} lazy 2 FP Rate Precision Recall F-Measure Class
> Lj meta 0 a o b Iris-setosa
» | misc 0.063 0.905 | 0.95 Iris-versicolor
- 2 0 i | 0.882 0.938 Iris-virginica
b | trees
> Lj rules 1fusion Matrix ===
~
A
v

¢ <-- classified as
15 0 0| a = Iris-setosa
0 | b = Iris-versicolor
5 | ¢ = Iris-virginica

Status
oK

| Clog ) g x©

e0ce

Weka Knowledge Explorer

[ Preprocess Hmlﬁy-‘ Cluster ' Associate I Select attributes I Visualize ]

—Classifi

| Choose )'NeuraINetwork -L0.3-M0.2-N500-V0O-S0-E20-Ha

~Testoptions

O Use training set

O Cross-validation Folds 10
® Percentage split % 66

O Supplied test set  ~ Set...

( More options...

D)

" (Nom) class

)

( Start ) € Stop

~Result list (right-click for options)

11:49:05 - trees.j48.)48

r-Classifier output

Evaluation on test split
Summary ===

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absoclute error

Root mean squared error
Relative absclute error

Root relative squared error
Total Number of Instances

=== Detailed Accuracy By Class ===

Confusion Matrix

a b ¢ <-- classified as

15 0 0| a = Iris-setosa
019 0| b = Iris-versicolor
0 215 | ¢ = Iris-virginica

TP Rate FP Rate Precision Recall

1 1
0.063 0.905 1
.882 0 b 0.882

49

2

0.9408
0.039¢
0.1579
8.8979 %
33.4091
51

@

F-Measure
b
0.95
0.938

-
96.0784 %
3.9216 %
Class
Iris-setosa
Iris-versicolor
Iris-virginica
A
4

Status
oK

(@B ST
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000 Weka Knowledge Explorer

! Preprocess }-Ehs‘sifr{ Cluster I Associate I Select attributes I Visualize ]

~Cl ifi

. Choose ,‘NeuraINetwork -L0.3-M0.2-N500-V0O-S0-E20-Ha

~Testoptions r~Classifier output

(O Use training set

~ . === Evaluation on test split ===
_ Supplied test set Set...

Summary
() Cross-validation Folds 10 49 96.0784 %
@ Percentage split % 66 g 3.9216 %
- 0.
€ More options... ) h
8.
= relative squared error 33.
(Nom) class Q Total Number of Instances 51
Stop === Detailed Accuracy By Class === lr
~Result list (right-click ptions) TPIRate FPORate P:e:l:isit:n RT(:a.LL F—.“l:asuze Cla )
11:49:05 - trees.j48.) | 0.063 0.905 i | 0.95 i colo
0.882 0 | 0.882 0.938 Iris-virginica
Confusion Matrix ===
b ¢ <-- class
15 0 0| a-=Ir
019 0| b=1Ir
0 215 | ¢ = Iris-virginica W
A
v
Status
0K (Ctog ) .d‘ x0
OO0 Weka Knowledge Explorer
[ Preprocess FEIﬂmH Cluster I Associate v Select attributes ' Visualize ]
[® 006 Neural Network =
® Iris-setosa
® lris-versicoloﬂ
® Iris-virginica
Controls
——— F 10y = eyl
Start | PR — Learning Rate = 0.3
" Num Of Epochs 500 —
{_Accept ) Error per Epoch = 0 Momentum = 0.2 |
BuUIUINY Mouer on Yy uatd... l A ——. A
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Weka Knowledge Explorer

[ Preprocess ‘—EIssﬂfv-‘ ClusterI Associate ] Select attributes 1 Visualize ]

® Iris-setosal

L Iris-versicolog‘

[ ® 06 Neural Network 5

]
Controls
/—‘ Epoch 0 = Py |
Start —— Learning Rate = 0.3
S——"" Num Of Epochs 500 —
{_Accept ) Error per Epoch = 0 Momentum = 0.2
Bunang moaer on g gata... l A LA ,’r\ /l
0006 Weka Knowledge Explorer
[ Preprocess FElan Cluster I Associate ' Select attributes ' Visualize

—Classifi

[ Choose ’NeuraINetwork -L0.3-M0.2-N500-V0-S0-E20-Ha-G-R
~Testoptions rClassifier output

O Use training set

Evaluation on test split === ~
Summary =

() Supplied test set Set...

N

Correctly Classified Instances 50 98.0392 %

O Cross-validation Folds 10

i 1.9608 %
e Percentage split % 66 Mean absolute error 83;22
( More options... B | Feetive sectute ector 53594 %
R relative squ rror 23.2952 %
(NOCIass ;:’ Total Number of Ins ces 51

=== Detailed Accuracy By Class ===

S e T Ca— Stop TP Rate FP Rate Precision Recall F-Measure
~Result list (right-click for options) : PP s : s
11:49:05 - trees.j48.J48 0.941 0 1 0.941 0.97

|14:34:28 - functions.neural.NeuralNetwork/

a b c <-- classified as
15 0 0| a-= set
019 0| b=1Ir ve olor
0 116 | c = Iris-virginica
A
v
(= 3 )<i»
Status
oK e Coghe " x0
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000 Weka Knowledge Explorer

[ Preprocess HQ.H Cluster ] Associate l Select attributes I Visualize l

“Classifi
( Choos%eurametwork -L0.3-M0.2-N500-V0-S0-E20-Ha-G-R
~Test options N rClassifier output
O Use training se! Evaluation on test split === =
= Summary
_ Supplied test set Set...
Correctly Classified Instances 50 98.0392 %
(_ Cross-validation Folds 10 Incorrectly Classified Instances 1 1.9608 %
" Kappa statistic 0.9704
e Percemage split % 66 Mean absolute error 0.0239
( M " ) Root mean squared error 0.1101
ore options... Relative absclute error 5.3594 %
Root relative squared error 23.2952 %
( Total Number of Instances 51
(Nom) class B
=== Detailed Accuracy By Class ===
( Start ) Stop TP Rate FP Rate Precision Recall F-Measure Class
" . " . 1 0 1 b 1 Iris-setosa
FResultlist{rghtalickioroptions) 1 0.031 0.95 1 0.974 Iris-versicolor
11:49:05 - trees.j48.J48 0.941 0 1 0.941 0.97 Iris-virginica
|14:34:28 - functions.neural.NeuralNetwork/ P . i
=== Confusion Matrix === |
a b c <--classified as |
15 0 0| a = Iris-setosa |
019 0| b= Iris-versicolor I
0 116 | ¢ = Iris-virginica '
v
B e ] RRIC
Status
o | < O
0006 Weka Knowledge Explorer
[ Preprocess ’-Slnplﬁ-‘ Cluster ' Associate ' Select attributes ' Visualize ]
—Classifi
. weka
v | classifiers
v | bayes assifier output
__ AODE == Evaluation on test split === m
_ BayesNetK2
L] BayesNet8 drrectly Classified Instances 50 98.0392 %
_ NaiveBayes Acorrectly Classified Instances i 1.9608 %
~ NaiveBayesMultinomial ippa statistic 0.9704
=N NaiveBayesSimpl 2an absclute error 0.0239
- NaiveBayes3imple bot mean squared error 0.1101
| _ NaiveBayesUpdateable 2lative absclute error 5.3594 %
— > |lfunctions pot relative squared error 23.2952 %
{ oo btal Number of Instances 51
' > | lazy
| > |j meta == Detailed Accuracy By Class
> | misc
- ? Rate FP Rate Precision Recall F-Measure Class
> L-] trees 1 0 b 1 1 Iris-setosa
» | rules 1 0.031 0.95 il 0.974 Iris-versicolor
| 0.941 0 1 0.941 0.97 Iris-virginica
I == Confusion Matrix ===
a b c <-- classified as
L5 0 0| a = Iris-setosa
019 0| b = Iris-versicolor
W™ 0 116 | c = Iris-virginica
A
v
B e ] el

RuickTime™ and a TIFF (LZW) decompressor are needed to see this pictur

Cion ) g *0
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000 Weka Knowledge Explorer

[ Preprocess M Cluster ] Associate l Select attributes l Visualize ]

“Classif
{ Choose )1Naiveﬂayes
~Test options rClassifier output
O Use training set Evaluation on test split === ~
= — Su ry
_ Supplied test set Set...
== Correctly Classified Instances 50 98.0392 %
(_ Cross-validation Folds 10 Incorrectly Classified Instances ) 1.9608 %
T Kappa statistic 0.9704
e Percentage split % 66 Mean absclute error 0.0239
( M - ) Root mean squared error 0.1101
ore options... Relative absclute error 5.3594 %
Root relative squared error 23.2952 %
( = Total Number of Instances 51
(Nom) class B

=== Detailed Accuracy By Class ===

( Start ) Stop TP Rate FP Rate Precision Recall F-Measure Class

: : : : 0 £ 1 1 Iris-setosa
Resultlist(ight click for options) —————— | 0.038  0.88 051 Etevereteotol

|
11:49:05 - trees.j48.J48 0.941 0 3 0.941 0.97 Iris-virginica
14:34:28 - functions.neural.NeuralNetwork

-

=== Confusion Matrix ===

a b c <--classified as
15 0 0| a = Iris-setosa
019 0| b = Iris-versicolor
0 116 | c¢ = Iris-virginica
A
v
B e — ] PRI
RuickTime™ and a TIFF (LZW) decompressor are needed to see this pictur !
Log ‘ x 0
0006 Weka Knowledge Explorer
[ Preprocess ’-Slmlﬁr-‘ Cluster ' Associate I Select attributes I Visualize ]
—Classifi
{ Choose )'Naivesayes
~Testoptions r-Classifier output
O Use training set Evaluation on test split === s
= ; Summary ===
_ Supplied test set Set...
= Correctly Classified Instances 50 98.0392 %
_ Cross-validation Folds 10 Incorrectly Classified Instances il 1.9608 %
" Kappa statistic 0.9704
e Percentage split % 66 Mean absclute error 0.0239
( M m ) Root mean squared error 0.1101
ore options... Relative absolute error 5.3594 %
Root relative squared error 23.2952 %
( — Total Number of Instances 51
(Nom) class 9

=== Detailed Accuracy By Class ===

,,,,,, S, IPP,,,,,, TP Rate FP Rate Precision Recall F-Measure Class
" . " . b 0 x il 1 Iris-setosa
Resultiist{rghtclicciohgptions) 1 0.031 0.95 1 0.974  Iris-versicolor
11:49:05 - trees.j48.J48 0.941 0 1 0.941 0.97 Iris-virginica

14:34:28 - functions.neuraMeuralNetwork | | R
=== Confusion Matrix ===

a b ¢ <-- classified as
15 0 0| a = Iris-setosa
019 0| b = Iris-versicolor
0 116 | ¢ = Iris-virginica
A
v
B e ————— ] I

RuickTime™ and a TIFF (LZW) decompressor are needed to see this pictul
o)
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Weka Knowledge Explorer

[ Preprocess HQ.H Cluster ] Associate l Select attributes I Visualize l

“Classifi

{ Choose )1Naiveﬂayes

~Testoptions

~Cl ifi

(O Use training set

output

Evaluation on test split === r
= = = = Summary
_ Supplied test set Set... ;.
== Correctly Classified Instances 48 94.1176 %
(_ Cross-validation Folds 10 Incorrectly Classified Instances 3 5.8824 %
" Kappa statistic 0.9113
e Percentage split % 66 Mean absclute error 0.0447
( M = ) Root mean squared error 0.1722
ore options... Relative absclute error 10.0365 %
Root relative squared error 36.4196 %
( Total Number of Instances 51
(Nom) class B
=== Detailed Accuracy By Class ===
( Start ) Stop TP Rate FP Rate Precision Recall F-Measure Class
" . " . 1 0 1 b 1 Iris-setosa
aesultlist{dghtclickioropions) 0.947  0.063 0.9 0.947  0.923  Iris-versicolo
11:49:05 - trees.j48.J48 0.882 0.029 0.938 0.882 0.909 Iris-virginica
14:34:28 - functions.neural.NeuralNetwork P .
e === Confusion Matrix ===
|14:48:05 - bayes. y
a b c <--classified as
15 0 0| a = Iris-setosa
018 1| b = Iris-versicolor
0 215 | ¢ = Iris-virginica
A
v
B e — ] RRIC
Status
o | < O

e0ce

Weka Knowledge Explorer

[ Preprocess Hmlﬁy-‘ Cluster ' Associate I Select attributes I Visualize ]

~Cl

Choose ‘Naivesayes
~Testoptions r-Classifier output
O Use training set = Evaluation on test split === ~
= ; . = Summary ===
_ Supplied test set Set... 3
= Correctly Classified Instances 48 94.1176 %
_ Cross-validation Folds 10 Incorrectly Classified Instances 3 5.8824 %
- Kappa statistic 0.9113
e Percentage split % 66 Mean absclute error 0.0447
( M m ) Root mean squared error 0.1722
ore options... Relative absolute error 10.0365 %
Root relative squared error 36.4196 %
( Total Number of Instances 51
(Nom) class Fﬂ
=== Detailed Accuracy By Class ===
( Start ) Stop TP Rate FP Rate Precision Recall F-Measure Class
" . . . b 0 x il 1 Iris-setosa
EResultlst{dghtdlickioroplons) 0.947 0.063 0.9 0.947 0.923  Iris-versicolo
11:49:05 - trees.j48.J48 0.882 0.029 0.938 0.882 0.909  Iris-virginica
14:34:28 - functions.neural.NeuralNetwork P .
— === Confusion Matrix ===
|14:48:05 - bayes.NaiveBayes
a b c <-- classified as
15 0 0| a = Iris-setosa
018 1| b = Iris-versicolor
0 215 | ¢ = Iris-virginica
\ '
4
[ el
Status
oK | O
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000 Weka Knowledge Explorer

[ Preprocess HnﬂH Cluster ] Associate ] Select attributes l Visualize ]

-C ifi
{ Choose )JNaiveBayes
~Test options rClassifier output
(O Use training set Evaluation on test split === ~
o — = Summary
_ Supplied test set Set...
= Correctly Classified Instances 48 94.1176 %
(_ Cross-validation Folds 10 Incorrectly Classified Instances 3 5.8824 %
T Kappa statistic 0.9113
e Percen‘age split % 66 Mean absolute error 0.0447
( M - ) Root mean squared error 0.1722
ore options... Relative absclute error 10.0365 %
Root relative squared error 36.4196 %
r Total Number of Instances 51
(Nom) class )
=== Detailed Accuracy By Class ===

View in main window Precision Recall F-Measure Class

T z T 7 3 : 1 | 1 Iris-setosa
EResultlist{nghtdiickor View in separate window 0.9 0.947 0.923 Iris-versicolo
11:49:05 - trees.j48) Save result buffer 0.938 0.882 0.909  Iris-virginica
Toleaa e Load mode .
= . Save model

1ssified as
Re-evaluate model on current test set ;s setosa

ris-versicolor

Visualize classifer errors sis-virginica
Visualize tree A
Visualize margin curve )4

Jal»

Iris-setosa

Visualize threshold curve

Status—————— Visualize cost curve Iris-versicolor
oK Iris-virginica 4 *0
0006 Weka Knowledge Explorer

[ Preprocess '—Sl-ﬂfy-‘ Cluster I Associate ' Select attributes ' Visualize ]

—Classifi
Choose INaiveBayes
~Testoptions r-Classifier output
O Use training set = Evaluation on test split === ~
oy ——— = Summary =
_ Supplied test set Set...
= Correctly Classified Instances 48 94.1176 %
_ Cross-validation Folds 10 Incorrectly Classified Instances 3 5.8824 %
- Kappa statistic 0.9113
e Percentage split % 66 Mean absclute error 0.0447
( M . ) Root mean squared error 0.1722
ore options... Relative absolute error 10.0365 %
Root relative squared error 36.4196 %
p Total Number of Instances 51
(Nom) class "H

=== Detailed Accuracy By Class ===

Stop TP Rate FP Rate Precision Recall F-Measure Class

——— = 1 0 1 1 1 Iris-setosa
-Resultlist (right-click for options) 0.947 0.063 0.9 0.947 0.923  Iris-versicolo
11:49:05 - trees j48.J48 0.882 0.029 0.938 0.882 0.909  Iris-virginica

14:34:28 - functions.neural.NeuralNetwork
|14:48:05 - bayes.NaiveBayes

=== Confusion Matrix ===

a b ¢ <-- classified as
15 0 0| a = Iris-setosa
018 1| b = Iris-versicolor
0 215 | ¢ = Iris-virginica
A
v
cE-———— <>l

Status

oK o) g *0
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[ Preprocess HQ.H Cluster ] Associate l Select attributes I Visualize l

“Classif
( Choos%aiveﬂayes
~Test options N rClassifier output
O Use training se! Evaluation on test split === =
= = Summary
_ Supplied test set Set...
== Correctly Classified Instances 48 94.1176 %
(_ Cross-validation Folds 10 Incorrectly Classified Instances 3 5.8824 %
" Kappa statistic 0.9113
e Percemage split % 66 Mean absclute error 0.0447
( M = ) Root mean squared error 0.1722
ore options... Relative absclute error 10.0365 %
Root relative squared error 36.4196 %
( Total Number of Instances 51
(Nom) class B

=== Detailed Accuracy By Class ===

( Start ) Stop TP Rate FP Rate Precision Recall F-Measure Class

= 3 = = h 0 1 p ] 1 Iris-setosa
FResultlist{rghtalickioroptions) 0.947 0.063 0.9 0.947 0.923  Iris-versicolo
11:49:05 - trees 4848 0.882  0.029 0.938  0.882  0.909 Iris-virginica

14:34:28 - functions.neural.NeuralNetwork
|14:48:05 - bayes.NaiveBay

=== Confusion Matrix ===

a b c <--classified as
15 0 0| a = Iris-setosa
018 1| b = Iris-versicolor
0 215 | ¢ = Iris-virginica
A
v
B e — ] V<>

Status

oK | Clog ) g x©

0006 Weka Knowledge Explorer
[ Preprocess Hlulﬁy-‘ Cluster ' Associate I Select attributes I Visualize ]
—Classifi
CD —
~Testoptions r-Classifier output
O Use training set = Evaluation on test split === ~
= ; . = Summary ===
_ Supplied test set Set... 3
= Correctly Classified Instances 48 94.1176 %
_ Cross-validation Folds 10 Incorrectly Classified Instances 3 5.8824 %
- Kappa statistic 0.9113
e Percentage split % 66 Mean absclute error 0.0447
( M T ) Root mean squared error 0.1722
ore options... Relative absolute error 10.0365 %
Root relative squared error 36.4196 %
( Total Number of Instances 51
(Nom) class Fﬂ

=== Detailed Accuracy By Class ===

Stop

TP Rate FP Rate Precision Recall F-Measure Class

R = a 0 1 1 1 Iris-setosa
jEResultiistinghtolick tions) 0.947 0.063 0.9 0.947 0.923  Iris-versicolo
11:49:05 - trees.j48.4 0.882 0.029 0.938 0.882 0.909  Iris-virginica

14:34:28 - functions.neural
|14:48:05 - bayes.NaiveBayes

=== Confusion Matrix ===

a b ¢ <-- classified as
15 0 0| a = Iris-setosa
018 1| b = Iris-versicolor
0 215 | ¢ = Iris-virginica
A
v
B e ——— ] R

Status

oK (@B ST
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Explorer: clustering data

= 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 “t
rue” clusters (if given)

= Evaluation based on loglikelihood if clustering
scheme produces a probability distribution

0006 Weka Knowledge Explorer

( Preprocess ' Classify 'CIuster‘ Associate Y Select attributes ‘ Visualize

Clusterer

 Choose ) EM -1 100 -N -1 -5 100 -M 1.0E-6

Cluster mode Clusterer output

® Use training set
O Supplied test set Set

~ =
_ Percentage split
O Classes to clusters evaluation

@ Store clusters for visualization

Ignore attributes

Start ) Stop

Result list (right-click for options)

Status

OK &\ 0\ x 0
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000 Weka Knowledge Explorer

{ Preprocess [ Classify }-G!umr-‘ Associate ] Select attributes ] Visualize ]

-C

{ Chooi‘EM -1100 -N -1 -5 100 -M 1.0E-6

rCluster mode N ~Cl output

@ Use training s
O Supplied test set Set...

(O Percentage split % 66
O Classes to clusters evaluation

(Nom) class v

8 Store clusters for visualization

( Ignore attributes )

( Start ) ¢ Stop
~Result list (right-click for options)

Status

oK (o) g *0

Weka Knowledge Explorer

{ Preprocess I Classify '—Glumn-‘ Associate ' Select attributes ' Visualize ]

—Cl
i wela 77387815
L ¥ | clusterers
1 M = rCl output
_ SimpleKMeans
_ Cobweb

e

_ FarthestFirst
_ XMeans

T

--
RITITTCPY]

1
1

Status

oK o) g *0
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Weka Knowledge Explorer

[ Preprocess ' Classify ‘-Ehntev-l Associate I Select attributes I Visualize ]

C

{ Choose )‘Cobweb -A 1.0 -C 0.0028209479177387815

Cluster mode
) Use training set
(O Supplied test set Set...
() Percentage split %
O Classes to clusters evaluation

(Nom) class v

B Store clusters for visualization

66

r-Clusterer output

( Ignore attributes

{ Start =, Stop

~Result list (right-click for options)

Status
OK ‘ P=Fog=e ‘ x 0
0060 Weka Knowledge Explorer
[ Preprocess ' Classify ‘-elmter-{ Associate l Select attributes I Visualize ]
—cl

{ Choose | ’Cobweb -A 1.0 -C 0.0028209479177387815

~Cluster mode
e Use training set
O Supplied test set Set...

(0 Percentage split %

Classes to clusters evaluation
m) class v

8 S!ONIS for visualization

r-Clusterer output

N

( Iamre attributes

{ Start ) Stop

~Result list (right-click for options)

-Status

oK

Machine Learning for Data Mining

39



000 Weka Knowledge Explorer
[ Preprocess I Classify '-Ghotu{ Associate ] Select attributes l Visualize ]

-C
{ Choose )JCobweb -A 1.0 -C 0.0028209479177387815

rCluster mode ~Cl output

(O Use training set

(O Supplied test set Set...

(O Percentage split % 66
e Classes to clusters evaluation
=
(Nom) class E’

B Store clusters for visualization

( Ignore attributes )

( Start ) ¢ Stop
~Result list (right-click for options)

<«»(

N e Y<l>]
Status
| Clog ) g x©

OK

0006 Weka Knowledge Explorer
[ Preprocess I Classify Hum'-‘ Associate ' Select attributes ' Visualize ]
“Cl
(MICobweb -A 1.0 -C 0.0028209479177387815
r~Cluster mode Cl output

O Use training set

(O Supplied test set

O Percentage split % 66
@ Classes to clusters evaluation
' (Nom) class 9

E Store clusters for visualization

( Ignore attributes )

( Start 3 Stop 3
~Result list (right-click forgtions) ————

Status
o) g *0

oK
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Weka Knowledge Explorer

[ Preprocess ] Classify }-GI-H Associate l Select attributes I Visualize l

~Cl

{ Choose )1Cobweb -A 1.0 -C 0.0028209479177387815

rCluster mode
(O Use training set
(O Supplied test set Set...

(O Percentage split % 66
® Classes to clusters evaluation
{(Nom) class )

E Store clusters for visualization

( Ignore attributes

( Start - Stop

~Result list (right-click for options)

|16:05:58 - Cobweb

~Cl output
=== Run information ===
Scheme: weka.clusterers.Cobweb -A 1.0 -C 0.002820947917
Relation: iris
Instances: 150
Attributes: 5
sepallength
sepalwidth
petallength
petalwidth
Ignored:
class
Test mode: Classes to clusters evaluation on training data

=== Clustering model (full training set) ===

Nurber of merges: 0
Number of splits: 0
Number of clusters: 3

node 0 [ 150]
| leaf 1 [ 96)
nede 0 [ 150]
| leaf 2 [ 54)

<«

= Evaluation on training set ===

e — I

Status
oK | < X0
000 Weka Knowledge Explorer
[ Preprocess ' Classify Hunu-‘ Associate I Select attributes I Visualize ]
“cl

{ Choose )1Cobweb -A 1.0 -C 0.0028209479177387815

~Cluster mode
O Use training set
(O Supplied test set Set...
(O Percentage split % 66
@ Classes to clusters evaluation
' (Nom) class 49

E Store clusters for visualization

( Ignore attributes

( Start ) 3 Stop

~Result list (right-click for options)

116:05:58 - Cobweb

Cl output
= Run information =
Scheme: weka.clusterers.Cobweb -A 1.0 -C 0.002820947917
Relation: iris
Instances: 150
Attributes: 5
sepallength
sepalwidth
petallength
petalwidth
Ignored:
class
Test mode: Classes to clusters evaluation on trainin

=== Clustering model (full training set) ===

Nurber of merges: 0
Number of splits: 0
Number of clusters: 3

nede 0 [ 150]
| leaf 1 [ 96)
node 0 [ 150]
| leaf 2 [ 54)

= Evaluation on training set ===

B e —— ] PRI

e

Status

oK

(@B ST
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Weka Knowledge Explorer

[ Preprocess ] Classify Hnml{ Associate l Select attributes ] Visualize ]

C

{ Choose JlCobweb -A 1.0 -C 0.0028209479177387815

~Cluster mode

(O Use training set

O Supplied test set Set...
(O Percentage split % 66
@ Classes to clusters evaluation

" (Nom) class 9

B Store clusters for visualization

( Ignore attributes

( Start ) £ Stop

~Result list (right-click for options)

[16:05:58 - Cobweb

r-Clusterer output

Number of clusters: 3

node 0 [ 150]
| leaf 1 [
node 0 [ 150]
| leaf 2 [

9

S

54)
Clustered Instances

1 100 ( 67%)
2 50 ( 33%)

Class attribute: class
Classes to Clusters:

2 <-- assigned to cluster
50 | Iris-setosa

0 | Iris-versicelor

0 | Iris-virginica

Cluster 1 <-- Iris-versicolor
Cluster 2 <-- Iris-setosa

Incorrectly clustered instances : 50.0 33.3333 %
A
v

Y 10

Status
oK | )
000 Weka Knowledge Explorer
[ Preprocess I Classify Humr‘ Associate I Select attributes l Visualize ]
el

{ Choose )‘Cobweb -A 1.0 -C 0.0028209479177387815

r~Cluster mode Cl output
(O Use training set Nurber of clusters: 3 ~
O Supplied test set ©  Set.. node 0 [ 150)
= | leaf 1 [96)
(_ Percentage split % 66 nede 0 [ 150]
. .
@ Classes to clusters evaluation I leaf 2[54]
( (Nom) class Q Clustered Instances
™ store clusters for visualization 1 100 ( &7%)
2 50 ( 33%)
( Ignore attributes
Class attribute: class
- Classes to Clusters:
( Start ) Stop

~Result list (right-click for options)

|16:05:58 - Cobweb

1 2 <-- assigned to cluster
0 50 | Iris-setosa

50 0 | Iris-versicolor
0 0 | Iris-virginica

Cluster 1 <-- Iris-versicolor
Cluster 2 <-- Iris-setosa

Incorrectly clustered instances : 50.0 33.3333 %

A
v

) Yalr

-Status
oK

Clos ) O
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000 Weka Knowledge Explorer

[ Preprocess I Classify }-Gluoter-‘ Associate ] Select attributes ] Visualize ]

~Cl
Choose 1Cobweb -A 1.0 -C 0.0028209479177387815
rCluster mode ~Cl output
O Use training set === Run information ===
(O Supplied test set Set= Scheme: weka.clusterers.Cobweb -A 1.0 -C 0.002820947917
> Relation: iris
(_ Percentage split % 66 Instances: 150
@ Classes to clusters evaluation Attributes: 5
sepallength
( :
(Nom) class .;’ sepalwidth
petallength
8 Store clusters for visualization petalwidth
Ignored:
class
( Ignore attributes ) Test mode: Classes to clusters evaluation on training data
> = === Clustering model (full training set) ===
( Start ) Stop
- - Number of merges: 0
—Rasultlist(nght—dickforophons)—\ Number of splits: 0

|16'05'58- Cobweb Il Number of clusters: 3
— View in main window

View in separate window
Save result buffer

Load model |
Save model . 4

| training set === v
Re-evaluate model on current test set

e el

Status Visualize cluster assignments

= (Ciso) g o

000 Weka Knowledge Explorer

{ Preprocess ' Classify Humr-‘ Associate ' Select attributes ' Visualize ]

—cl
{ Choose )1Cobweb -A 1.0 -C 0.0028209479177387815

~Cluster mode 1 ~Clustarar nutnut
Weka Classifier Tree Visualizer: 16:05:58 - Cobweb (iri
O Use training set (6] 6” © Weka Classifier Tree Visualizer: obweb (iris)
rTree View
O Supplied test se 0 -C 0.002820947917

O Percentage split

@ Classes to clust

—
(Nom) class

—_—

g Store clusters fc

Igni on on training data
( Start

~Result list (right-click fo

16:05:58 - Cobweb

<> ¢

Status

oK o) g *0
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00606 Weka Knowledge Explorer

( )

Preprocess Y Classify ' Cluster { Associate r Select attributes r Visualize

Clusterer

( Choose? Cobweb -A 1.0 -C 0.0028209479177387815

Cluster mode Clusterer output
O Use training set === Run information ===
O Supplied test set Set... 1.0 -C 0.002820947917

" "
_ Percentage split
@ Classes to clusters evaluation

(Nom) class ﬂ

M Store clusters for visualization

' 4 .
Ignore attributes

Start ) Stop

Result list (right-click for options) A

16:05:58 - Cobweb —— L
View in main window
View in separate window
Save result buffer

Load model
Save model training set === :
> : ‘ ___ n training set === v
Status ~
oK Visualize tree { Log ) ‘“\ x0

Explorer: finding associations

= WEKA contains an implementation of the Apri
ori 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 give
n minimum support and exceed a given confi
dence
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Weka Knowledge Explorer

[ Preprocess ] Classify ' Cluster '—Asmiue{ Select attributes I Visualize ]

. Choose )‘Apriori -N10-T0-C08-D0.05-U1.0-M0.1-S-1.0

( Start y-—£ Stop

A iator output

~Result list (right-click for options)

Status
oK

o) g *0

006

Weka Knowledge Explorer

[ Preprocei(:lassify ' Cluster '-ﬁamine-‘ Select attributes I Visualize ]

N
{ Choose )| Apriori -N 10 -T 0 -C O.MS _U1.0-M0.1-5-1.0

( Start

—As&amr output

) : Stop

~Result list (right-click for options)

-Status
oK

Clos ) O
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000 Weka Knowledge Explorer

} Preprocess { Classify T Cluster T Associate T Select attributes T Visualize ]

= 7 T S
Open file... ) Open URL... ( Open DB... Undo Save...
rFilter
Choose iNone Apply
Current relation rSel d attributs ‘
Relation: vote Name: handicapped-infants Type: Nominal
Instances: 435 Attributes: 17 Missing: 12 (3%) Distinct: 2 Unique: 0 (0%)
[Attributes Label Count
No. Name n 236
1 handicapped-infants \ 187
2 water-project-cost-sharing
3 adoption-of-the-budget-resolution
4 physician-fee-freeze
5 el-salvador-aid
6 religious-groups-in-schools
i- ite- - { . Ty rm———"
7 anti-satellite-test-ban Colour: Class (Nom) m Visualize All

8 aid-to-nicaraguan-contras
9 mx-missile
10 immigration
11 synfuels-corporation-cutback
12 education-spending
13 superfund-right-to-sue
14 crime
15 duty-free-exports
16 export-administration-act-south-africa

236
- - |

17 Class
Status
OK Log w x 0
000 Weka Knowledge Explorer

’>Preprocess1 Classify I Cluster I Associa Select attributes ' Visualize ]

= 7 TEFEFEIIEE SPTIFITSTIPAPIPI
( Open file... \ / Open URL... \ / Open DB... ) Undo Save...
Filter N
( )| (€ )
Choose |None Apply
Current relation -Sell d attribut
Relation: vote Name: handicapped-infants Type: Nominal
Instances: 435 Attributes: 17 Missing: 12 (3%) Distinct: 2 Unique: 0 (0%)
Attributes Label Count
No. Name n 236
1 handicapped-infants \4 187
2 water-project-cost-sharing
3 adoption-of-the-budget-resolution
4 physician-fee-freeze
5 el-salvador-aid
6 religious-groups-in-schools
Zanti=satellite-test=han " Colour: Class (Nom) [%) ( Visualize All

8 aid-to-nicaraguan-contras
9 mx-missile
10 immigration
11 synfuels-corporation-cutback
12 education-spending
13 superfund-right-to-sue
14 crime
15 duty-free-exports
16 export-administration-act-south-africa
17 Class

Status
oK

236
- - |

Log w x0
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Weka Knowledge Explorer

[ Preprocess ] Classify ' Cluster '—Asmiue{ Select attributes I Visualize ]

. Choose )‘Apriori -N10-T0-C08-D0.05-U1.0-M0.1-S-1.0

( Start =

A iator output

Stop

~Result list (right-click for options)

Status
oK

o) g *0

006

Weka Knowledge Explorer

[ Preprocess ' Classify ' Cluster '-ﬁamine-‘ Select attributes I Visualize ]

. Choose )‘Apriori -N10-T0-C0.9-D0.05-U1.0-M0.1-S-1.0

A i output

( Start g Stop )
~Result list (right-click tions) —————————

-Status
oK

Clos ) O
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00606 Weka Knowledge Explorer

( Preprocess Y Classify I Cluster ‘ Associate { Select attributes r Visualize ]

Associator

{ Choose ) |Apriori -N 10 -T 0 -C 0.9 -D 0.05 -U 1.0 -M 0.1 -§ -1.0

— Associator output
Start ) Stop -

Result list (right-click for optic| Nurb
16:29:37 - Apriori |

Status

OK (_Log ﬂ\ x 0

Explorer: attribute selection

= Panel that can be used to investigate which (s
ubsets of) attributes are the most predictive o
nes

= Attribute selection methods contain two parts:

= A search method: best-first, forward selection, random, exha
ustive, genetic algorithm, ranking

= An evaluation method: correlation-based, wrapper, informati
on gain, chi-squared, ...

= Very flexible: WEKA allows (almost) arbitrary
combinations of these two
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Weka Knowledge Explorer

{ Preprocess [ Classify I Cluster I Associate ’-&Imbmes-‘ Visualize ]

~ Atril Evaluat

{ Choose )‘CfsSubsetEval

~Search Method

{ Choose )‘BestFirst =D'1-NS5

~Attribute Selection Mode————————
@ Use full training set
O Cross-validation ~ Folds 10
Seed 1

[ (Nom) Class 9

( Start ) € Stop

~Result list (right-click for options)

[~Attribute selection output

Status
oK | < O
000 Weka Knowledge Explorer

{ Preprocess I Classify ' Cluster l Associate ‘-ﬁdemﬂbnu-‘ Visualize ]

r Evaluat

{ Choose )‘CfsSubsetEval

~Search Method

{ Choose )]Beleirst -D1-NS5

r Mode
@ Use full training set
O Cross-validation ~ Folds 10
Seed 1

'(Nom) Class %

¢ Start f Stop
~Result list (right-clicl options) ———————

N

Attribute selection output

Status

oK

o) g *0
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000 Weka Knowledge Explorer

[ Preprocess ] Classify I Cluster ] Associate ’-&lmm-‘ Visualize ]
r Evaluat
{ Choose )1Cfs$ubset£val |

~Search Method

( Choose )lBestFirst -D1-NS5 |

~Attribute Selection Mode———————————— [Attribute sel output
@ Use full training set duty-free-exports P
—~ - - export-administration-act-south-africa
(_ Cross-validation Folds 10 Class
Seed 1 Evaluation mode: evaluate on all training data

[ (Nom) Class )

Attribute Selection on all input data

( Start ) € Stop | search Method:

Best first.
~Result list (right-click for options) ———— Start set: no attributes

= Search direction: forward
|16'39'4°- BestFirst + CfsSubsetEval | Stale search after 5 node expansions
Total number of subsets evaluated: 83
Merit of best subset found: 0.729

Attribute Subset Evaluator (supervised, Class (nominal): 17 Class):
CFS Subset Evaluator

Selected attributes: 4 : 1
physician-fee-freeze

Status

oK | Clog ) g x©

000 Weka Knowledge Explorer

[ Preprocess ' Classify I Cluster ' Associate Mmum-‘ Visualize ]
~Attribute Evaluat
CfsSubsetEval |

r Sele ~Attribute selection output
@® Use full trainiMgset duty-free-exports ~
~ — export-administration-act-south-africa
(_ Cross-validation Folds 10 Class
Seed 1 Evaluation mode: evaluate on all training data

( »
(Nom) Class )
=== Attribute Selection on all input data ===
( Start N-E Stop % || search Method:
Best first.
~Result list (right-click for options) ——— Start set: no attributes

| Search direction: forward

Stale search after 5 node expansions
Total number of subsets evaluated: 83
Merit of best subset found: 0.729

|16:39:40 - BestFirst + CfsSubsetEval

Attribute Subset Evaluator (supervised, Class (nominal): 17 Class):
CFS Subset Evaluator

Selected attributes: 4 : 1
physician-fee-freeze

Status
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Weka Knowledge Explorer

[ Preprocess ] Classify I Cluster ] Associate ’-&lmm-‘ Visualize ]

el n ™

~Attribute Evaluat
(17 weka |
L ¥ | attributeSelection
€ _ CfsSubsetEval
{ _ ClassifierSubsetEval |
L  WrapperSubsetEval
rA _ ConsistencySubsetEval te selection output
_ ReliefFAttributeEval duty-free-exports -
_ InfoGainAttributeEval g)l(g::t-ad:unlstzatxon—act-snuth—afz;ca
__ GainRatioAttributeEval aation mode: evaluate on all training data
| ~ SymmetricalUncertAttributeEval
e _ OneRAttributeEval

_ ChiSquaredAttributeEval

_ PrincipalComponents
_ SVMAttributeEval

Attribute Selection on all input data

th Method:
Best first.
Start set: no attributes
Search direction: forward
Stale search after 5 node expansions
Total number of subsets evaluated: 83
Merit of best subset found: 0.729

ibute Subset Evaluator (supervised, Class (nominal): 17 Class):
CFS Subset Evaluator

Selected attributes: 4 : 1
physician-fee-freeze

Status

OK

| Clog ) g x©
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Weka Knowledge Explorer

[ Preprocess ' Classify I Cluster ' Associate Hmum-‘ Visualize ]

Evaluat

{ Choose )'InfoGainAttributeEval

~Search Method

v

. weka

attributeSelection

~ BestFirst
ForwardSelection
RaceSearch
GeneticSearch
_ RandomSearch
_ ExhaustiveSearch
~ Ranker

~ RankSearch

308 -N -1 |
te selection output
duty-£free-exports ~
export-administration-act-south-africa
Class
pation mode: evaluate on all training data

Attribute Selection on all input data ===

th Method:
Best first.
Start set: no attributes
Search direction: forward
Stale search after 5 node expansions
Total number of subsets evaluated: 83
Merit of best subset found: 0.729

ibute Subset Evaluator (supervised, Class (nominal): 17 Class):
CFS Subset Evaluator

fted attributes: 4 : 1
physician-fee-freeze

Status
oK
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000 Weka Knowledge Explorer

[ Preprocess ] Classify I Cluster ] Associate W Visualize l

~Attribute Evaluat
{ Choose )1InfoGainAttributeEval |
~Search Method
( Choose )IRanker -T-1.7976931348623157E308 -N -1 |
~Attribute Selection Mode ~Attrib lection output
@ Use full training set 12
O Cross-validation ~ Folds 10
Seed 1
[ (Nom) Class )
Stop
~Result list (right-click fol
16:39:40 - BestFirst + bsetEval
A
v
cFF-——-——-—-—"-"-"—-—"—"--"=--"=-"=-"=-"="="="=""=""3 Dl

Status

oK | Clog ) g x©

000 Weka Knowledge Explorer

[ Preprocess ' Classify I Cluster ' Associate ’-&lmbmu-‘ Visualize ]

~Attril Evaluat

{ Choose )‘InfoGainAnributeEvaI |

~Search Method
{ Choose JIRanker -T-1.7976931348623157E308 -N -1 |

K Sel Mode K output
e Use full training set Information Gain Ranking Filter -
O Cross-validation Folds 10 Ranked attributes:
Seed 1 0.7078541 4 physician-fee-freeze
.4185726 3 adoption-of-the-budget-rescolution
.4028397 5 el-salvador-aid
{ (Nom) Class H;’ .34036 12 education-spending
.3123121 14 crime
.3095576 8 aid-to-nicaraguan-contras
( Start ) ( Stop .2856444 9 mx-missile

.2121705 13 superfund-right-to-sue

.2013666 15 duty-free-exports

.1902427 7 anti-satellite-test-ban

.1404643 6 religious-groups-in-schools

.1211834 1 handicapped-infants

.1007458 11 synfuels-corporation-cutback

.0529956 16 export-administration-act-south-africa
.0049097 10 immigration

.0000117 2 water-project-cost-sharing

~Result list (right-click for options)

16:39:40 - BestFirst + CfsSubsetEval
|16:43:05 - Ranker + InfoGainAttributeEval

RN N - R-E-R-N-N-N-N-¥-}

Selected attributes: 4,3,5,12,14,8,9,13,15,7,6,1,11,16,10,2 : 16

Status

oK (@B ST
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iWhich attribute selector?

= Best: WRAPPER
= Slow: O(2*N) search through all attribute combinations
= The “wrapped” learner called to assess each combination
= Some heuristics to prune the search; but does not scale

= If not WRAPPER

= Use InfoGain / OneR for very big datasets
= Use CFS otherwise

= Don’t use PCA

= This is an unsupervised selector
= So it is uninformed on how dimensions help classification

iEprorer data visualization

= Visualization very useful in practice: e.g. help
s to determine difficulty of the learning proble
m

= WEKA can visualize single attributes (1-d) an
d pairs of attributes (2-d)

= To do: rotating 3-d visualizations (Xgobi-style)
= Color-coded class values

= “Jitter” option to deal with nominal attributes (
and to detect “hidden” data points)

s “Zoom-in” function
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0060

Weka Knowledge Explorer

'-Pnpneess-{ Classify I Cluster I Associate ] Select attributes ] Visualize ]

( Open file... ) ( Open URL...

Y€ openbe.. ) (

Undo ) € Save... )

~Filter

{ Choose 3|None |( Apply )
~Current relation ‘ d attrib
Relation: Glass Name: RI Type: Numeric
Instances: 214 Attributes: 10 Missing: 0 (0%) Distinct: 178 Unique: 145 (68%)
rAttrib Statistic Value
No. Name Minimum 1.511
1R Maximum 1.534
2Na Mean 1.518
3Mg StdDev 0.003
4 Al
5Si
6K
;g: " Colour: Type (Nom) [%) ( Visualize All
9Fe
10 Type
yp -
T
5 Z 3
S | S Em oo 0 1o
- 1
1.51 1.52 LSSI
Status
OK 1 Log ‘ x 0
0006 Weka Knowledge Explorer
Preprocess | Classify | Cluster | Associate | Select attributes
Plot Matrix RI Na Mg Al Si K
Type
Fe
a
— v
- Yalr

PlotSize: [100]

PointSize: [1] e
>
Jitter: o
=

Select Attributes

"Colour: Type (Nom)

B ( Subsample%: ) 100

Class Colour

build wind float build wind non-£float

vehic wind non-float tableware

Status
oK

o) g *0
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0060

Weka Knowledge Explorer

Preprocess | Classify | Cluster | Associate | Select attributes
Plot Matrix RI Na Mg Al Si K
Type
L 4
Fe

</»(

PlotSize: [100]
PointSize: [1]

Jitter:

O
4
-

4

Select Attributes

" Colour: Type (Nom)

[+) ( subSample%: ) 100

Class Colour
build wind float build wind non-£float vehic wind non-float W
Status
oK | < O
0006 Weka Knowledge Explorer
Preprocess | Classify | Cluster | Associate | Select attributes
Plot Matrix RI Na
o o]
] o © o
Fe 2 o Jo &° [}
e | o o
%80
$ e o5 8
o e L oo comisemne ool
o o ]
Ba
o
loc coo o oodindim o
]
]
-}
Ca 8
K
) 4] a8 o o o %
o Q
o @ o o E . g o0 fDﬁ m Y 3 , |4
I — - E——
Jal»
Status
oK | O

Machine Learning for Data Mining

55



000 Weka Knowledge Explorer

Preprocess | Classify | Cluster | Associate

Plot Matrix RI Na
o o
o o ©
o
Fe ° o |Jlo i
D e | [+]
%80
grg o %
oo ommess @ 0 ot
[+] o
Ba
o &
o
lodifearm o ona
d o
@ @ o

Select attributes

K
o°“ 0 ooc"Q" 3 8 oo )ma" m&_gooo > "’ .
o ﬁn—llniﬁlni'
 —— — ] Jal»

Status

OK ‘ { Log ) ‘x x 0

Evaluation

Machine Learning for Data Mining

56



Limitations

| |
= Problem for large data sets
= Not good for complex experiments
= IMHO, discourages experimentation with new
learners
= The “WEKA effect”
= Try every learner till something works
= Still, very useful for

= Initial investigations
= Learning data mining

Loads all data into ram prior to learning

= Or as a sub-routine of other systems

iAlternate tools: Orange

[sXeNe) 9% Orange Canvas - [Schema 1] =
Nis|a||s

Data Classify | Evaluate | Visualize Associate Prototypes Regre
AEHEEIENE »

Schema 1

Classification Tree

Scatterplot
Pl

Exangbles

Classification Tree Viewer

Written in Python

Simpler specification (but see
WEKA's KnowledgeFlow
Environment).

Also, less community support/
debugging. So sometimes
frustrated by random bugs
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iAIternate tools: RapidMiner

¢ R

Experiment

ExampleSource
B ecamplesource

OuterCrossvalidation Experiments specified in an XML tree syntax

2
? 7. WrapperxValidation

GAFeatureSelection

8 GeneticAlgorithm In theory, possible to share experimental descriptions
9 ng InnerCrossValidation

XValidation

+%4 INnerSVMLearner
&

~= LibSVMLearner

?

@ M@y nerModelApplierChain

"~ OperatorChain

ﬁﬂ InnerModelApplier
=5 ModelApplier

%, InnerEvaluation
7. PerformanceEvaluator

4& OuterSVMLearner

~= LibSVMLearner

® }D'—Oln-rlrlmi—lAm-h-rC)mm

OperatorChain
EE] OuterModelApplier
ModelApplier

9., OuterEvaluation
7. performanceEvaluator

iAlternate tools: OurMine

Java=$Basel/lib/java

Weka="java -Xmx2048M -cp $Java/weka.jar ” Forget the visuals.
Clusterers="java -Xmx1024M -jar $Java/Clusterers.jar "
Reducers="java -Xmx1024M -jar $Java/Reduce.jar " Make WEKA a sub-routine
nb() { inside Bash script

local learner=weka.classifiers.bayes.NaiveBayes

$Weka $learner -p 0 -t $1 -T $2 Now you can mix WEKA's JAV
) A with learners written in your
nb10() { favorite language.

local learner=weka.classifiers.bayes.NaiveBayes

$Weka $leamer -i -t $1 But how do you find the magic

' command strings?

j48() {
local learner=weka.classifiers.trees.J48
$Weka S$learner -p 0 -C 0.25-M 2 -t $1 -T $2
}
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iWhy go to all that trouble?

analysis1(){ . o
local origdata=$1 Complex experiments, specifie
local outstats=$2 d succinctly.

local nattrs="24 6 8 10 12 14 16 18 20"

local learners="nb10 j4810 zeror10 oner10 adtree10" . X
local reducers="infogain chisquared oneR" Experiments can now be revie

local tmpred=$Tmp/red wed, audited, by others.
echo "n,reducer,learner,accuracy” > $outstats

for n in $nattrs; do Also, in 12 months time when

for reducer in $reducers; do Reviewer2 wants a tiny
$reducer $origdata $n $tmpred extension to the old paper, you
for learner in $learners; do don’t have to remember all
accur="$learner $tmpred.arff | acc o o
out="$n,$reducer,$learner,$accur" that clicking you did: just rerun
blabin $out the script.
echo $out >> $outstats
done
done
done
}
0006 Weka Knowledge Explorer
| Preprocess 'CIassify‘ Cluster I Associate Y Select attributes Y Visualize ]
~Classifi

Choose )J48 -C 0.25 -M 2

Test options - Classifier output

O Use training set
" .
(_ Supplied test set Set...

Cross-validation Folds 10

@ percentage split % 66

More options...

"(Nom) class v

{ Start Stop

Result list (right-click for options)
[11:49:05 - trees.j48.)48

-Status
oK (Ctog ) =
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