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« Weka
 Orange
« Knime

« Taverna

Data Mining Tools

http://www.cs.waikato.ac.nz/ml/weka/

http://orange.biolab.si/

http://www.knime.org/

http://www.taverna.orqg.uk/

Rapid Miner http://rapid-i.com/content/view/181/196/

» ClowdFlows http://clowdflows.org/
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Weka (Waikato Environment for Knowledge Analysis)

« Collection of machine learning algorithms for data mining tasks
* The algorithms
— Can be applied directly to a dataset
— Can be called from Java code (library)
« Weka contains tools for
— Data pre-processing
— Classification
— Regression
— Clustering
— Association rules
— Visualization
 Weka is open source software issued under the GNU General Public
Licanse
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Exsercisel1: ID3 in Weka

1. Build a decision tree with the ID3
algorithm on the lenses dataset,

evaluate on a separate test set



Weka: Install

http://www.cs.waikato.ac.nz/ml/weka/

-

n(e=) g
/& Weka3 - Data Mining wit x‘ L ..
/

<« C A [ www.cswaikato.acnz/ml/weka/ o =

5% Apps (O First&FOC [c] Data Mining Call For.. [ '] Dropbox- Skupne | TELARGO-Napoved.. (2) Odpiralni Casi (] Slovarji ([ Orodjza [ Travel » [ Other bookmarks

S WE KA Machine Learning Group at the University of Waikato

The University
of Waikato

Project Software Book Publications People Related

Weka 3: Data Mining Software in Java

Weka is a collection of machine learning algorithms for data mining tasks. The algorithms can either be applied directly to a
dataset or called from your own Java code. Weka contains tools for data pre-processing, classification, regression, clustering,
association rules, and visualization. It is also well-suited for developing new machine learning schemes.

Found only on the islands of New Zealand, the Weka is a flightless bird with an inquisitive nature. The name is pronounced like
this, and the bird sounds like this.

Weka is open source software issued under the GNU General Public License.

Data Mining with Weka, a 5 week MOOC, started on September 9th 2013.
You can still enrol and sit all the classes and exams before the course closes on October 20th 2013:

http:/iweka.waikato.ac.nz

Down Ioad Getting started Further information Developers
. \. * Requirements = Citing Weka = Development
version === . Download + Datasets « History
+ Documentation + Related Projects = Subversion
3 6 » FAQ « Miscellaneous Code « Contributors
" = Getting Help = Other Literature
RARTMENT OF =] WekaManual-3-7-10.pdf T # Showall downloads.. X
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Weka: Run Explorer

~= Weka GUI Chooser ;IEIEI

Program  Misualization Tools  Help

~Applications

WEKA | e

The University

____ Choose Explorer

iy of Waikato
Ty
W zik.ato Environment for Knowledge Analysis KnowledgeFlow
Wersion 3.6.1
fc) 1994 - 2009
The University of ajkata Simple CLI

Harniltam, Hew Zealand
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Exercise 1: ID3 in Weka

In the Weka data mining tool, induce a decision
tree for the lenses dataset with the ID3

algorithm.

« Data:

— lensesTrain.arff
— lensesTest.arff

 Compare the outcome with the manually

obtained results.



Load the data

=

| (Tl assifiy | Zluster | Associake | Select abtributes | Wisalize |

Open file. .. | Gpen LRL. .. | Open DB... | Unda | Edit... | Save... |
~Filter
Choose Imune | Apply |
—Current relation —Selected attribute
Relation: Mone Mame: Mone Type: Mone
Instances: Mone Attributes: MNone Missing: None Distinck: None Unique: Mone
—httributes
&l Mone Irnert:

LI Wisualize Al |

Remove

OLOGIES | welcome to the weka Explorer Lzg # 0
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NOWLEDGE rtatus




Load the data - 2

lensesTrain.arff

TMENTOF
OLOGIES

WLEDGE

JoZef Stefan Institute

Ceskiop

s

My Documents

WL
o B

My Compuker

= ®oEE

B |ensesTest, arff
% |ensesTrain.arff

File name: IlensesTrain.arFF

Files of type: I.ﬂ.rFF data Files

=l

CIpen

Zancel |




The data are loaded

A& weka Explorer - O] x|
Freprocess | Classif'g.fl Clusterl P.ssu:u:iatel Select attril:uutesl 'u'isualizel
— Openfile,,, OpenURL.. | Openoe.. | Unda | Edit... Save. . |
~Filker
Choose INunE | Apply |
Choose
—Current relation —Selected attribuke
& Y o Relation: lensesTrain Mame; Age Type: Maominal
CIaSSIfy Instances: 17 Attributes: S Missing: 0 (0% Distinct: 3 Unigue: 0 (0%
—Atkributes Label Count
yaung 7
All | Mone | Inwerk | pre-presbyopic ]
presbyopic 7
Mo, [ame
2™ |Prescription
3 [Bstigrnatic
4 [Tear_rate
5[ lLenses ICIass: Lenses (Mom) ll Wisualize All |
> ad
Target variable
Remove
Skaktus
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Choose algoritem

i \Weka Explorer

Preprocess  -lassify usterl.ﬁ.ssuciate Select attributes | Wisualize

=10l i

—Classifigr /

—Tesk options

= Use kraining set

" Supplied kest set

Sel .,

% Cross-validation  Folds |1IZI

" Percentage split % IEuEu

More optians. ..

(Mom) Lece

Skart

stop

~Result lisk {right-click For options)

—Classifier oukpuk

Log w w0
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£ wWeka Explorer

Preprocess  Classify I Clusterl .ﬁ.sscu:iatel Select attril:nutesl 'u'isualizel

=10 %]

—Classifier

| | weka
| =) classifiers
B #-_ ] bayes
treeS j functions
-] lazy
_| meka
-] misc
|d3 (| =l ] trees
\\ ------ # ADTree
\. DecisionSturmp
.
...... & 143
o e ® LT
...... & MEP
------ # NETres
------ # FRandomForest
------ # RandomTree
------ # REPTres
------ # UserZlassifier
-] rules

& oEpUE

Skatus
’7 Ok

Log #, x 0
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i weka Explorer -10| x|

Preprocess  Classify | Clusterl .ﬁ.ssu:uciatel Select attril:uutesl '-.-'isualizel

—Classifier
1 Choose |1d3 A |
~ Z
~Test options AN —Classifier oukpuk
" Use training set 3
{+ Supplied kest set Set... | = Test ISt =10l x|
o Relation: Mone
(" Cross-validation  Folds IID Instarces: Mone  Attributes: Mone
I " Gpenfie... || openuRL.. |
Moare options. .. |

x|
5 (Mom) Lece L‘ Look in: I@ Materiali ﬂ I 'F_QE|

Start Stop |

= lensesTrain, arff

~Resulk lisk {right-click For options)

4

lensesTest.arff

ocuments
wr
el
-
My Compuker
Skatus |
RTHENT OF IVOK ) File name: IIensesTest.arFF Cpen

Files of typet | ArfF data files | Cancel |
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=0

Preprocess  lassify | Clusterl P.ssu:u:iatel Select attril:uutesl 'u'isualizel

—Classifigr

Choose IId3 |

~Test options —Classifier oukpuk
™ llse training set == Pun information === =
{* Supplied test set Set...
Gchenme: weka.classifiers. trees. Id3
™ Cross-validation  Folds |1IZI Belation: lensesTrain
{~ Percentage split o IEuEu Instances: 17
. Attributes: 5
More options. .. |
hoe
Prescription
(Mom) Lenses b | Astigmatic
Tear_rate
Skark Shop | Lenses
~Result list (right-click For options) Test mode: user supplied test set: 7 instances
- trees, Id3 I o
=== [lazzifier model (full training set)] ===
Id3 |

Decision tree

/

ear_rate = normal

( bLoge = young: YE3I
bLge = pre-preshyopic: YE3
hLige = preshyopic

| | Astigmatic = no: NO

I

I

I

| | Prescription = wmyape

I

| | | Astigmatic = yes: VE3I
I

| Prescription = hypermetrope:
Tear rate = reduced: NO

0.02 seconds

Skaktus
RARTMEN1 ’7

WL | ok s | g™ <"

DLO(
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=01 x|

Preprocess  lassify | Clusterl .ﬁ.ssuciatel Select attril:uutesl 'u'isualizel

—Classifigr

Choose IId3 |

~Test options —Classifier oukpuk
™ Use training set -]
& Supplied test sat - Time taken to build model: 0.02 seconds
+ Supplied test se et... . g .
| Classification accuracy
™ Cross-validation  Falds |1I:| === Evaluation on test set ===
" Percentage split % IEuEu === Summary ===
More opkions. .. | Correctly Classified Instatces 5 71,4286 %
Incorrectly Classified Instances 2 258.5714 %
{Mom) Lece 1,'l Kappa statistic 0.4615
Mean absolute error 0.2857
Skart Stop | Foot mean squared error 0, 5345
_ _ _ _ Felatiwve absolute error 59,375 %
~Result list (right-click for aptions) Foot relative squared error 107.2232 %
Total Number of Instances 7

15:45:43 - trees, Id3

=== Detailed Accuracy By Class ===

TF Rate FP Rate Precizion Fecall F-Measure Clazs

Confusion 1 0.5 0.6 1 0.75 YES
matrix 0.5 0 1 0.5 0.667 N0

Confusion Matrix ===

ah <-— clazsified as
30| a=YES
22 | b=HO

-
—atatus
Log x0
04 w
RTMENT 0
DWLEDGE
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Exercise 2: CAR dataset

1728 examples

6 attributes
— 6 nominal
— 0 numeric
Nominal target variable
— 4 classes: unacc, acc, good, v-good
— Distribution of classes
 unacc (70%), acc (22%), good (4%), v-good (4%)
No missing values



Preparing the data for WEKA - 1

Data in a spreadsheet
(e.g. MS Excel)

- Rows are examples
- Columns are attributes

- The last column is the target
variable
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E} Microsoft Excel - car.csy

@J File Edit ‘jew Insert Format Tools Data  Window Help  Adobe PDF

=10l x|

-

®

EJBWE' levIBIu|§§§|§v&TATB

P ® %A 3 A S| A B g | v Reply with Changes... End Review... !

el Al -2l 2

A1 - # buying

B | ¢ | b | E | F | & | ZI'

buyin Irmaint doars persons  lugboot  safety ¥ —
2 |w-high w-high 2 2 small o Unace
3 |w-high w-high 2 2 small med Unace
4 y-high v-high 2 2 small high unacc
5 |w-high w-high 2 2 med o UNacc
B [whigh w-high 2 2 med med Unacc
7 |w-high w-high 2 2 med high Unace
8 |w-high v-high 2 2 big [ oy unacc
8 |w-high v-high 2 2 big med unacc
10 |w=high w-high 2 2 big high UNacc
11 |w=high w-high 2 4 small o Unace
12 |w=high w-high 2 4 small med Unacc
13 [w-high v-high 2 4 small high unacc
14 |w-high v-high 2 4 med [ ooy unacc

15 |w-high w-high 2 4 med med Unacc -

o4 WPhear/ e B S | ﬂJJ

Ready LM S




Preparing the data for WEKA - 2

Save as “.csv”
Careful with dots

(13t
R

E Microsoft Excel - car.csy

Eﬂ File Edit ew Insert Format  Tools Data  Window Help  Adobe PDF

=10 %]

- 3

®
“ §_’]B§.ﬁ.rial - 10 v|B;U|§§§|§,@,,ﬁ,B
commas “,” and _ |
. R ) i B e R W | & = [ | ¥¥Reply with Changes... End Review, .. !
semicolons ;! =mml AP a2 -2
A1 - f buying
[ = | - | n I E | F | G | —
saveas 2| x||oot  safety  y =
Save in: Ili' HandsCniweka j @ - h | '11 S v Tools - I low Hnatt
Il rred UNacE
; 5 @Ear-cs*’ Il high UNACE
' iy unacc
My Recent med unace
Documents X
high unacc
7‘[‘ [ UNacE
rred UNacE
Desktop high unacc
: Il [ URACE
‘-‘) Il rred UNacE
My Deaments Il high URACE
Tyt unace
.‘I med unacc -
8 | T
My Compuker
MM A
- !! File name: Im - g I
T\WEEBGE My Metwark, J ="
OLOGIES Flaces Save as bype: ICS'\-' (Comma delimited) (*, csv) j Cancel L.

JoZef Stefan Institute



— Load the data

i 'Neka Explorer - 10| x|
Prefyocess I CIassiFy' Clusterl .ﬁ.ssu:uciatel Select attril:uutes' '-.-'isualizel
Cpen file. .. | Cpen URL... | Cpen DE. .. | Undo Edit... Save... |
~Filter
Choose INunE | Apply |
—Current relation —Selected attribuke
Relation: car Mame: v Twpe: Mominal
Instances: 1725 Attributes: 7 Missing: 0 (0%:) Distinct: 4 nique: 0 (0%:)
—attributes Label Count
Unacc 1210
all | Mone Inwvert acc 84
w-good 65
Mo, l_ Marne: good %]
1|~ buying
2( |maink
3|[ [doors
4([" |persons
S( lugbook o
Classs vy (Mom b Wisualize Al |
6 |safeky ¥ (Hom) —I

Target variable

Remove
fif fid
Skatus
- Lag x* 0
e | -
OLOGIES
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Choose algorithm J48

RARTMENT OF
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2 || weka

& \Waka Explorer

Preprocess  '-lassify | Clusterl .ﬁ.ssu:uciatel Select attril:uutesl '-.-'isualizel

=10 x|

—Classifigr

| = | classifiers

bk oubput

r - | bayes

- | functions
| lmzy
- | meta
- | misc
= | trees
------ & ADTree
------ # DecisionStump
...... & Id3

...... & RChH
/r/a ...... & LMT
...... # MSp
------ # MNETree
------ # RandomForest
------ # RandomTree
------ # REPTree
------ # UserClassifier
- | rules

Sbatus
’7 (0] 4

Log W x 0

Jozef Stefan Institute




Building and evaluating the tree

Preprocess Classify | Clusterl .ﬁ.ssuciatel Select attril:uutesl 'u'isualizel

=10l x|

—ClassiFigr

J48-C0.25-M2

O
~

—Test opkions
{7 Use braining set
" Supplied test set
¥ Cross-validation

{~ Percentage split

Sel ..

Falds |1|:|

% |68

More options. ..

@

\iNom} y

Skark

Stop

~Result list {right-click For options)

—Classifier oukpuk

RARTMENT OF
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i Wela Explorer

Preprocess lassify I Clusterl P.ssu:u:iatel Seleck attrihutesl 'l.-'isualizel

Classifier

Choose |J4B -C025-M2

Tesk options

{7 Use kraining set
= Supplied test set Sk,

¥ (ross-validation  Folds Ill:l—

Yo kﬁ

More options. .. |

{ Percentage split

Mo w

Skark Shop

hd

Resulk list (right-click For options)

Classifier output

=10l x|

Time taken to build model:

Stratified cross-walidation ===

=== Detailed Accuracy By Class ===

0.05 seconds

Classification
accuracy

=== JUNMArYy ===

Correctly Classified Instances 1596
Incorrectly Classified Instances 132

Eappa statistic 0.8343
Mean ahzolute error 0.04z21
Foot mean squared error 0.1715
Relatiwve abzolute erraor 15.38353 %
Foot relative sgquared error L0.8176 %
Total Number of Instances 1728

-

Confusion Hatrb

a b s d <-- clazzified as
11564 43 0 3| a = unacc
33 333 7 11 | b = acec
0 3 58 4 | ¢ = w-good
I 17 11 41 | d = good

TP Rate FP Rate Precision Recall F-HMeaszure Clazs
0.962 0.064 0.972 0.962 0.967 unacc
0.s8e7 0.047 0.541 0.s8e7 0.554 acc
0.892 0.011 0,763 0.89z2 0.5823 w-good
0.594 0.011 0.695 0.594 0.541 good

‘4_ Actual values

Stakus
0.4

Log | wxn




Right

mouse

click

i weka Explorer

Preprocess  lassify I Clusterl .ﬁ.ssuciatel Select attril:uutesl 'u'isualizel

Classifigr

Zhoose |J4B o025 -M 15

Tesk options
= Use kraining sek

" Supplied test set Sef, ..
{* Cross-validation  Folds |1IZI

o IEuEu

Maore opkions. .. |

" Percentage split

Classifier oukput

=10l ]

Time taken to build model: 0,058 seconds

Stratified cross-validation ===
Sunmmary ===

Correctly Classified Instances 1596
Incaorrectly Clazssified Instances 132
(o) ¥ ll Kappa statistic 0.8343
Mean absolute error 0.0421
Skark | Shop | Root mean sgquared error 0.171%8
] . ) . Felatiwve absolute error 15.3833 %
\Result It G2 Gl o el Foot relative =quared error LS0.8176 %
Yigw in main window of Instances 1728
14:55:13 - tree:
Wigw in separake window AeEmETy By Clegn ==o
Save result buffer
Load model Rate Precision Recall F-HMeasure
Save model L0654 0.972 0.962 0.967
Re-evaluate rmadel oncurrent test set . 047 0. &1 0.8a67 0.354
Visualize classifier errors S e iz gk Sl s
T
— M YWisualize margin curve .
1 Matrix ===
Yisualize threshold curve b
Yisualize cost curve L £—— plassified as
1164 43 1] 3| a = unacc
33 333 7 11 | b = acec
0 3 La 4 | c = w-good
0 17 11 4] | d = good

/ DEﬁEMENT EF
\ TECHNOL OGIE

a

Class
unace
ace
v-good
good

Z2.3611 %
T.83589 %

GE Skatus
S OF

Log




@

Parameters of the
algorithm (right
mouse click)

©

Set the minimal number
of objects per leaf to 15
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Tree pruning

& weka Explorer -0 x|
Preprocess  Classify I Clusterl .ﬂ.ssociatel Seleck attributesl '\-'isualizel
ier
Choose  [348 -C 0.25 M 15 |
~Test aptions | rCIassiFier aukput
(TN ey < weka.gui.GenericObjectEditor =101 x| |
" Supplied test se weka, classifiers krees. 148
About
¥ Cross-validatior
{~ Percentage splil Class for generating a pruned or unpruned C4, Mare |
Mare op 92,3611 %
binarysplits IFaIse LI 7.6389 5
(hlam) confidenceFactar |D.25 =3
121
debug IFaIse LI 15
33 3
~Result list {right-click
esulk lisk {right-clic ] |15 —_—
14:55:00 - brees, )4
14:58:13 - trees, 4 numFolds |3
reducedErrorPruning IFaIse ;I
savelnstancelata IFaIse LI [ourne Llass
267 unacec
— Il 554 acc
823 w-good
subtreeRaising ITrue LI 641 good
unpruned IFaIse ;I
uselaplace IFaIse LI
Qpern. .. | SAVE... o] Cancel |
u] 17 11 41 | d = good
-

Status
’VOK

Log w. =0




i weka Explorer

Preprocess  Classify I Cluster I Associate I Select attributesl Wisualize I

Classifier

Choose |J4B -2 0,25 -M 15

Test options
£ Use kraining sek

= supplied test set Set..,

Classifier output

=101x]

Number of Leawves

O

Reduced ~*

31 £ the H
% Cross-validation  Folds IlD tE8 0 = BEEE @ number Of
= Percentage splic o, |66 Ieaves and
) Time taken to build wodel: 0.05 seconds
LT nodes M ... .
=== fjtratified cross-validation === EaS|er to |nterpret
(NDI‘H:I';-' v| === S'LJIEIJ]IE[]CY ===
Start 2an | Correctly Classified Instances 1397 g0.5449 3 ~— ~—~— Lower
Result lisk {right-click For options) Incorrectly Classified Instances 331 19,1551 % - [
15:71:19 - trons MEP Eappa statistic 0.5783 C|aSS|f|Cat|0n
: Mean abgolute error 0.12
Foot mean soquared error 0.2504 acCcu racy
Relatiwe absolute error 52.39689 %
Root relative sgquared error T4.0626 %
Total HNumher of Instances 1728
=== Detailed Accuracy By Class ===
TF Rate FP Rate Precision Recall F-HMeasure Class
0.907 .17 0.926 0.907 0.917 unacc
0.724 0.1l& 0. 564 0.724 0.5634 acec
0,.3z3 0.013 0.5 0,.3z3 0.393 w-good
i} 0.o04 0 i} u} good
=== Confusion Matrix ===
a b = d <—- clazsified as
o9 109 2 L a = unacc
88 273 1z [T b = acc
i 44 21 o c = v-good
1] 62 7 o d = good
=
Skatus
Log =0
o4 ,ﬂ}'
DE
KNOWLEDGE

TECHNOLOGIES
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=low  =med

= high
=20 =410 = more =40 =maore
=y-high =high =med =low =smal =med =hig =y-high =high =med =low

=szmall =med = hig

ARTMENT OF
NOWLEDGE
LUGI

stitute



JozZef Stefan Institute

Naive Bayes classifier

i waka Explorer
o\

Preprocess CLﬂSSiFYICIusterI Associake | Select attribukes | Wisuali:

—Classifier
\ | | weka
>J§_| classifiers —
T -] bayes e
\ ...... # ACCE B
\\ ------ # Bayeshet -
\ ------ # ComplementhlaiveBayes

------ # NMaiveBayeshMulkinomial
------ # NMaiveBayessimple Fait
------ # NMaiveBayesUpdateable | as3

ic

I ELY
( ared
lute
Squ
_-F nf T
1 hoou
I Hate
203
n9a
ool
ooz
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i weka Explorer

Preprocess  (Classify | Clusterl .ﬁ.ssuciatel Seleck attril:uutesl '-.-'isualizel

=10l x|

—Classifier

hoose INai\reBayes

~Test opkions
™ Use kraining set
{~ Supplied test set Sek, ..
{* Cross-validation  Falds |1I:I—

T IEE

More options. .. |

" Percentage split

(Mam] v

=l

Start Stop |

~Resulk lisk (right-click for options)

19:32:30 - trees, Id3

19:40:29 - brees, 145
19:40:37 - bayes.NaiveBaye
19:42:19 - bayes,Maive

—Classifier oukpuk

=== Bun information ===

Scheme: weka.classifiers.bhaves.NaiveBayes

Relation: car

Instances: 1728

Attributes: 7
buying
maint
doors
persons
lughoot
safety
¥

Test mode: 10-fold crogs-validation

=== [lazzifier model (full training set)] ===
Naiwve Bayes Claszzifier

Class unacc: Prior probability = 0.7

buying: Discrete Estimator., Counts = 36l 325 269 259 (Total = 1:214d)

waint: Discrete Estimator. Counts = 361 315 269 269 (Total = 1:214)

doors: Discrete Estimator. Counts = 327 301 293 293 (Total = 1214)

persons: Discrete Estimator. Counts = 577 313 323 (Total = 1lZ13)

lughoot: Discrete Estimator. Counts = 451 393 369 ([Total = 1213)

safety: Discrete Estimator. Counts = L77 358 278 [(Total = 1213)

Clazz acc: Prior probability = 0.22 ;I
Skaktus
’70}( Lag

S
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i weka Explorer

Preprocess  Classify | Clusterl .ﬁ.ssnciatel Select attril:-utesl '-.-'isualizel

=10 x|

~Classifier

Choose INai\reBayes

~Test options
™ Use kraining set

{~ Supplied test set Set...

% Cross-validation  Faolds |1I:I

i |66

More optians. .. |

{~ Percentage split

—lassifier output

(Mam] v

Skart Shop

~|

~Result lisk (right-click Ffor options)

19;32:30 - trees, Id3
19:40:29 - trees, 148
19:40:37 - bayes NaiveBaye

19:42:19 - bayes MaiveBayes

dtratified cross-walidatio
Summary ===

Correctly Classified Instances
Incorrectly Classified Instanc
Kappa statistic

Mean ahsolute error

Foot mean squared error
Belative abhsolute erraor

Root relative aquared error
Total MNumher of Instances

=== Detailed Accuracy By Class

TP Rate FP Rate Precision
0.96 0.203 0.917
0.706 0.095 0.67z2
n.415 0.001 0.931
0,275 0.0o07 0.633

=== Confusion Matrix ===

a h c d
1161 45 0 1| a =
loa 271 0 9 | b =
0 37 27 1| c o=
1 47 2 19 | d =

1 ===

14
es 2

17

Fecall
0.96
0.706
n.415
0,275

#-- clazzsified as

unacc
acec
v-good
good

78
50
0.6665
0.1137
0.2262
43. 6626
66,9045
28

A

A

F-HMeasure
0.935
n.639
n.574
0.334

i
’

g5.532

Class
unacec
acc
v-good
good

4

L]

Skatus
{OK

Log
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Summary

* Weka

* |D3, separate test set

* Data preparation

« J48 (C4.5), cross validation, tree prunning
* Nalve Bayes



