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Practice with Weka

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

evaluate on a Separate test set

2. Classification on the CAR dataset
— Preparing the data
— Building decision trees
— Naive Bayes classifier
— Understanding the Weka output
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Weka

Weka is open source softwere for machine learning and data mining.
http://www.cs.waikato.ac.nz/ml/weka/

Iweka 3 - Data Mining wiLh Open Source Machine Learning Software in Java - Mozilla Firel - | Ellﬂ

File Edit iew History  Boowgarks  Tools  Help

<:E| ~ - @ ﬂ A Herpe v, o5 waikato, ac,nzgmiljweka) |‘| [i‘*]

3 WUE!..(& Software

of Waikato

project = software = book = publications = people - related

Home

Weka 3: Data Mining Software m Java

Download \ E'Etﬁ_ng il Weka 1s a collection of machine learring algonthms for data muning tasks. The
Equrernents

. algorithms can etther be applied directly to a dataset or called from your own
version Download Java code. Weka contains tools for data pre-processing, classification,

34 Documentation regression, clustering, association rules, and wsualization. Tt iz also well-suited
Eﬁ . tor developing new machine learning schemes.
ting Weka
F nKE\iNﬂm E&EINII EFD i Weka i open source software 1ssued under the G General Public License.
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Run Weka

W' aikako Environmment For
Knowledge Analysis

Version 3.4.8
() 1999 - 2005

Inivversity of Waikato
Mew Zealand

Choose Explorer

Simple CLI - § Explorer

Experimerter KnowwledogeFlow
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Exercise 1: Lenses dataset

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

algorithm.

e DPata:
— lensesTrain.arff
— lensesTest.arff

« Compare the outcome with the manually
obtained results.

RARTMENT OF
DWLEDGE
DLOGIES



Load the data

-l

| | asaity | i wster | Assnciate | Select atbrbutes | ‘isualize |

open Ffile, . | open URL.., | Open DB, ., | Unda | Edit... | SEYE... |
~Filker
Choose INune | Aaply |
—Current relakion —Selected attribute
Relation: Mone Mame: Mone Type: Mone
Instances: Mone Attributes: Mone Missing: MNone Diskinck: None Unique: Mone
—Attribukes
all Mame Inwett

LI Yisualize All |

Remmoye
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Load the data - 2

lensesTrain.arff
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Open

Loak in: IE:] Material

Desktop

4

My Docurments

WL
g

My Compuker

2P EE

"B |lensesTest, arff
- % |ensesTrain,arff

File name: IIensesTrain.arFF

Files of type: I.ﬁ.rFF data files

[

Open

Cancel |




Choose

“Classify”

s
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Weka Explorer

The data are loaded

] .
Preprocess I Classifyl Clusterl P.ssu:u:iatel Select attril:uutesl '-.-'isualizel
Cpen URL. .. | Cpen DE... | IIndo Edit... Save. .. |
Choose INunE | Apply |
—Current relation —Selected attribute
Relation: lensesTrain Mame; Age Type: Mominal
Inskances; 17 Attributes: 5 Missing: 0 (0% Diskinck: 3 nique: 0 {0%:)
—Aktribukes Label Counk
yaung 7
Al | More | Irverk pre-presb-}fgpic 3
presbyopic 7
Mo, Marne
2" |Prescription
3 [Bstigraatic
4" [Tear_rate
5[ lLenses ICIass: Lenses (Mom) LI Yisualize All |
Target variable
Rermowve
Skakus
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Choose algoritem

Z Weka Explorer -0 x|

Preprocess  Classify Léffuster .ﬁ.ssuciatelﬁelect attributes | Misualize

—Classifier /

~Test options —Classifier oukpuk

™ Use kraining set

" Supplied test set Sek ., |

{* Cross-validation  Folds |1IZI

" Percentage split T IEuEu

More options. .. |

(Mom) Lece Ll

Start Stop |

—Resulk lisk (right-click For aptions)

Skakus
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trees

|d3

£ wWeka Explorer

Preprocess ‘Classify I Clusterl .ﬂ.sscu:iatel Select attril:nutesl '-.-'isualizel

=10 x|

—Classifier

;_| weka

| B[] classifiers

~ [+ ] bayes e oukpuk

-] Functions

_| lazy

[#- ] meta

-] misc

N =l ] trees

\\ ------ # ADTree

\i CrecisionStump

.

------ ® 145

q @ - ® LMT

------ # Msp

------ # METree
------ # RandomForest

‘f ...... # RandomTree
------ # REPTree
------ # UserClassifier
-] rules
Status ‘
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i \Weka Explorer

Preprocess  Classify | Clusterl .ﬁ.ssaciatel Select attril:nutesl 'u'isualizel

=10l x|

—Classifier
1 —hoose |1d3 " |
~ Z
—Test aptions N\ —Classifier aukpuk
" lse kraining set 3
% Supplied test sek Set.., | = Test Instances =10] x|
o Relation: Mone
¥ el IID Instances: Mone Attributes: Mone
ClPercenegespit 2o psnnll [ Openfile... Open URL... |
Mare options., .. |
Elpen
5 {Mom) Lece - Loaok in: IEJ Materiali LI i =
Start Stop |

~Resulk lisk (right-click for options)

Deskkop

Y

My Docurments

Skatus
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lensesTest.arff

File name: IIensesTest.arFF

Qpen

Files of type: I.ﬁ.rFF data files

;I Cancel |
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Preprocess  Classify I Clusterl P.ssu:u:iatel Select attril:uutesl '-.-'isualizel

=10l x|

—Classifigr

Choose IId3

~Test options —Classifier oukpuk
£~ Use training set == Pun information ===
f+ Supplied kest set Set..,
(" Cross-validation  Folds IlEI z:]:::::;n: T:i:;:;.:::;flers rress. Id3
" Percentage splic Yo IEuEu Instances: 17
. Attributes: 5
More options. .. |
Age
Prescription
(ham) Lenses Ll Lztigmatic
Tear_rate
Skark Shop | Lenzes
~Result list {right-click Far options) Test mode: user supplied test get: 7 ilhnstances

=== [lazzifier model (full training set) ===

Ids

Decision tree

/

ear_rate = normal

Age = young: YEI
hge = pre-preshyopic: YE3
Age = preshyopic

Prescription = myope

|  Astigmatic = no: HNO

I
I
I
I
I
| |  Astigmatic = wyes: YESI
I

|
|
|
| Prescription = hypermetrope:
Tear_rate = reduced: NO

0.02 seconds

Skatus
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'l'!'EI(EI Explorer

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

=10l x|

—Classifier
Choose IId3 |
~Test options —Classifier oukpuk
™ Use kraining set -]
& Supplied test set — Time taken to build model: 0.02 seconds
+ Supplied test se [= Lt .
| Classification accuracy
" Cross-validation  Folds |1I:| === Evaluation on test set ===
" Percentage split T IEuEu S G AR
[Mare options., .. | Correctly Classified Instances 5 71,4288 %
Incorrectly Clazsified Instances 2 28.5714 %
{Morm) Lece vl Kappa statistic 0.4615
Mean ahsolute error 0.2857
Skark Stop | Foot mean squared error 0,5345
_ _ _ _ Relative absolute error 59,375 %
~Result list (right-click for aptions) Foot relatiwve squared error 1072232 %
i15: trees, Id: Total Number of Instances 7
15:45:43 - trees, Id3
=== Detailed Accuracy By Class ===
. TP Rate FP Rate Precizion Recall F-Measure Class=
Confusion 0.5 0.6 1 0.75 YES
: 0.5 0 1 0.5 0.667 HO
matrix
A Confusion Matrix ===
ah #£-- clazzified as=
30| a=YES
N Z 2| b =N
—
"5tatus
Log x 0
(04 w
Vi DERARTMENT 0
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Exercise 2: CAR dataset

1728 examples

6 attributes
— 6 nominal
— O numeric
Nominal target variable

— 4 classes: unacc, acc, good, v-good

— Distribution of classes
e unacc (70%), acc (22%), good (4%), v-good (4%)

 NO missing values

RARTMENT OF
DWLEDGE
DLOGIES



Preparing the data for WEKA - 1

Data |n a SpreadSheet MicrnsuftEHcEI—car.csv (o] x|

File Edit ‘“ew Insert Formak Tools Data  Window Help  Adobe PDF - &

(e.g MS EXCG') :Jagnrial -0 .| B I U =

P M T 3 Aag ]S S| @ By @ | 9 Reply with Changes... End Review...

]
il
g
N
W g x

ozl Al ig-el —— -21
Al - & buying
ol
- Rows are examples e S
buyin Irnaint doars persons  lugboot  safety Y =
- 2 |w-high w-high 2 2 small [ UNace
- COIUmnS are attrlbUteS 3 |w-high whigh 2 2 zrmall med unacc
. 4 |w-high w-high 2 2 small high Unace
- 5 |w-high w-high 2 2 med [y unacc
The |a'St COIumn IS the B |w-high w-high 2 2 med med unacc
. 7 |w-high w-high 2 2 med high Unace
target variable W ol 2 9 g o R
9 |w-high w-high 2 2 big med Unace
10 [w-high w-high 2 2 big high unacc
11 |w=high w-high 2 4 small [ UNace
12 |w=-high w-high 2 4 small med Unace
13 |w=high w-high 2 4 small high Unace
14 |w-high w-high 2 4 med [y unacc
15 [w-high w-high 2 4 med med unacc -
M 4 v wWhear/ ‘ |*| - | LIJ_‘
Ready TN o
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Preparing the data for WEKA - 2

Save aS “ CSV” EMicrusuﬂ: Excel - car.cs¥ Ag'ﬂ
Eﬂ File Edit ‘“iew Insert Format Tools Data  Window Help  AdobePODF - &
= (o9 | »
- Careful with dots “.”, N T T TR ETETS TR
CommaS “,” and o [ I R Ry | & = [ | ¥¥Reply with Changes... End Review. .. !
: ol i al - 2| 2R
semicolons “”! el - <
MEEeT r [ ¢ | o I E | F | G | j
Saveas 2| xljoot  safety  y =
Saveln: || HandsOnweka -l @-3 Q@ X iy - Toos~ I | unace
Il rred Unaco
b:b @Car'csv Il high URECE
- [y URECE
My Recent
Cocurnents rred unacc
high unacc
@ [ Unaco
med uhacc
ST high unacc
- Il [ Unaco
/ Il rred Unaco
MyD..:.-.;;r:ents Il high Unaco
[ Unaco
.11 rred Unaco -
3¢ [ i
My Computer LM y

/ \
b 4 DERARTMENT OF

File name: Im

My Metwork,

Save

Flaces

Save as bype: ICS'I.-' {Comma delimited) (*,cav)

]
=

Cancel |
&)
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e Load the data

4 \Weka Explorer _ ||:||5|

Prefocess I Classifyl Clusterl .ﬁ.ssu:uciatel Seleck attril:uutesl '-.-'isualizel

Cpen File. .. | Cpen URL. .. | Cpen DE. .. | Umda Edit... Save... |
~Filker
Choose INunE | Apply |
—Current relation —Selected attribuke
Relation: car Mame: v Twpe: Mominal
Instances: 1728 Akkributes: 7 Missing: 0 (0%) Diskinct: 4 Unique: 0 (0%:)
—Akkribukes Label Count
unacc 1210
all | Mone Inwvert acc 354
y-gond A5
Mo, l_ Marme gond 54

1" |buying

2\ |maink

3\ |doors

4/[ |persons

S| lugboot: o

Classs v (Mom hd Wisualize All |
6\ |safety ¥ (hiom) J
Remaove
fif fid
I

Skatus
’V
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®\ Choose algorithm J48

=10l x|

4 Weks Explorer

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

~Classifigr

| | weka |
| = | classifiers
r - | bayes e oubput
- | Functions

=

- | meta

| misc

=l |trees

------ & ADTree

------ # Decisionstump
...... ... Id3

...... & K]
| _—>

| P & LMT

...... # MSP

------ # MNETree

------ # RandomForest
------ # RandomTree

...... # REFTree

------ # UserClassifier
[+ rules

Skatus

Ik Log w. x 0

rooooo
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Building and evaluating the tree

£ weka Explorer

O
~

©

rooooo

Preprocess  Classify I Clusterl P.ssu:u:iatel Select attril:uutesl '-.-'isualizel

=10l x|

—Classifigr

J48 -C0.25-M2

—Test options
£ Use training sek
= Supplied kest set
% Cross-validation

i Percentage splic

==

Folds |10

% |66

Mare options. ..

\\ENum} y

Skark

Shop

—Resulk lisk (right-click Faor aptions)

—Classifier oukpuk
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£ weka Explorer

Preprocess lassify | Clusterl F'.ssu:u:iatel Select attril:uutes' '-.-'isualize'

Classifier

hoose |J4B SC025-M2

Tesk options
= Use kraining set

= Supplied test set Seb...

% Cross-validation  Folds |1III

Yo kﬁ

More options. .. |
=

Stop |

= Percentage split

{Marn]

Start

Resulk list (right-click for options)

Classifier output

=10 %]

Time taken to build model: 0.08 seconds

Classification

=== Stratified cross-wvalidation === accuracy
=== JUNNArY ===
Correctly Classified Instances 1596 02.3611 %
Incorrectly Classified Instances 132 —5359
Eappa statistic 0.8343
Mean absolute error 0.0421
RBoot mean squared error 0.1715
Relatiwve abszolute erraor 15.38533 %
Foot relative scquared error S0.8176 %
Total Number of Instances 1728
=== Detailed Accuracy By Class ===
TP Rate FPF Rate Precision Recall F-Measure Class
0.962 0.054 0.972 0.962 0.9a67 unace
0.3867 0.047 0.541 0.867 0.554 acc
0.892 0.011 0.763 0.892 0.823 w-good
0.594 0.011 0.695 0.594 0.541 good
=== Confuszion Matrix === ClaSSIfled aS

s

<-- clazszified a=s

1164 43 ] | a = unacc
33 333 7 11 | b = acc

0 3 58 4 | c = v-good
17 11 41 | d = good

‘4_ Actual values

Skatus
k.

Log | 'ﬂ‘),xtl




i Weka Explorer

Preprocess  Classify I Clusterl .ﬁ.ssnciatel Select attril:uutesl '-.-'isualizel
Classifier

Zhoose |J4B -C 025 -M 15

Test options Classifier oukput

=10l x|

{7 Use training set

Time taken to build model: 0,058 seconds

" Supplied test sef Sty

% Cross-validation  Folds |1III
Yo IE\E\

Mare opkions. .. |

atratified cross-wvalidation ===

= Percentage split === JUNMAry ===

Correctly Claszsified Instances 1596 9z2.36ll %
nght Incorrectly Classified Instances 132 7.6389 %
(Mo ¥ Ll Kappa statistic 0.5343
mouse Mean absolute error 0.0421
. Skark | skop | Root mean squared error 0.171s8
C“Ck ) . ) . Belatiwe absolute error 18,3833 %
\Result b=t e el e ) Foot relative squared error S0.8176 %
Wig in rain window of Instances 1vas
14:55:13 - tree:
Wigw in separate window AeEmETy T Clogs ===
Save result buffer
Load model Rate Precision Becall F-Measure Class
Save model L0564 0,972 0.962 0,967 unacc
Re-evaluate model on current best sek . 047 0.541 0.8e7 0.554 ace
Wisiualize classifier errors oL 0352 0o B2z Do Bz Tgoa!
«I.Dll 0.6895 0.594 0.e64l good
— Yisualize margin curve | Matrix ===
Wisualize threshold curve )
Yisualize cost curve L £—— plassified as
1la4d 43 1] 3| a = unacc
33 333 7 11 | b = acc
] 3 1= 4 | Cc = w-good
0 17 11 41 | d = good
-
Z]E'P_n"l'-.lr-iiu‘ﬂ OF
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& Tree pruning
_ Weka Explorer =10 %]

Preprocess Classify I Clusterl .ﬁ.ssuciatel Select attrihutesl \-'isualizel

Fier
Parameters of the >
Chopse ~ |148 -C 0.25 M 15 |
al g 0 rlth m ~Test options | - lassifier output
(rl g ht m 0 u Se Cl IC k) {7 Use training set 4. weka.gui.GenericObjectEditor =13l x| .‘J
¢ supplied test se weka.classifiers.trees, 148
% Cross-validatior it
8 torceniagespil Class for generating a pruned or unpruned 4, More |
More op 2
binarySplits |False LI 93. Z:;; :

@ (Nom) y confidenceFactor ID.25 l:f

debug |Fa|se ﬂ 15
Set th e m I n I m al ~Result list (right-click i |15 3: ::
number Of ObJeCtS 14:58:13 - tress, 14 numFolds 3
pe r | eaf to 1 5 reducedErrarPruning |False

savelnstancelata |Fa|se

H3uUre Class

L] Ll

967 unacc
sead I]_ G54 ace
Gad w-good
subtreeR aising |True 641 good

unpruned |False

Ll hed Lo

uselaplace |Fa|se

Ciper,.. | Save, ., QK Cancel |
o 17 11 41 | d = good
/R g -
akat
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£ Weka Explorer

Preprocess  Classify I Clusker I .ﬁ.ssociatel Select attributes I Visualize I

Classifier

Choose |J4B -C0.25-M 15

Test options

 Use training set

Classifier autput

=10l =

Number of Leaves

-

Reduced

£l

" Supplied test set Set...
¥ Cross-validation  Folds IID_ size of the tree : @ number Of
= Percentage split e |66 Ieaves and
Mare options. .. | Time taken to build model: 0.05 seconds nodes \
=== jtratified cross-walidation === \ EaSIGr tO Interpret
I:NCII'I'III'}." vl === SUnmMAary ===
Start s | Correctly Classified Instances 1397 80.8449 3 4 Lower
Result list {right-click For options) Incorrectly Classified Instances 331 19,1551 % = r
521110 - roos MGP Kappa statistic 0.5789 CIaSS|f|Cat|0n
15:40:35 - brees, 145 Mean absolute error 0.12
i oot mean sgquared error 0.2504 accuracy
Relatiwve absolute error 52,3989 %
Root relative squared error Td. 0626 %
Total Number of Instances 1728
=== Detailed Accuracy By Class ===
TF Rate FF Rate Precision Recall F-Measure Clazs
a.o07 .17 0.926 a.o07 0.917 unacec
0.724 0.l1la 0. 564 0.724 0.634 acc
0.323 0.013 0.5 0.323 0.393 w—-good
u} o.oo04 u} u} u} good
=== Confusion Matrix ===
a b d <-- classified as
1085 109 Z 11 4 = unacc
88 278 1z & | h = acc
u] 44 21 0| c = w-good
u] 62 7 0| d = good
|
Status
Log =0
Ik ,ﬂ}'
Z -:JE'P_.:
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= high

=med

= |

= frore

=40

- e

=40

=20

= hig

whigh =high  =med [y

small = med

=small =med

R

whigh =high =

=small =med
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Nalve Bayes classifier

4 wiaka Explorer
D\

Preprocess  Classify | Clusterl Associate | Select attributes | Wisuali:

—Classifier
\ | ] weka
>~.§_| classifiers I
B -] baves _
\ it AODE .
\\ - BayesMet -
\l ComplementhaiveBayes
2y JaiveBayes =
- MaiveBayesMulkinomial
~- i MaiveBayesSimple Fsif
- MaiveBayeslpdateable lass
-] functions =
= ;I |EIZ'§." EYT
i -] meta ared
- mise lute
H- | trees 20U
—-F H ) rules LE T
] Lol
I rate
203
09s
ool
ao?
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i Weka Explorer

Freprocess Classify I Clusterl .ﬁ.ssaciatel Select attril:nutesl '-.-'isualizel

=10l x|

—Classifigr

Choose INaiveBayes

—Test opkions —Classifier aukpuk
" Use training set === Pun information ===
{~ Supplied kest set Sek, ..
o Scheme: weka.classifiers.bayes.NaiveBayes
{+ Cross-validation  Folds |1IZI Felation: car
{~ Percentage split o IEE Instances: 1728
. Attributes: 7
Mare options. .. | .
buying
naint
(Mo y hd | doors
bersons
Start Stop | lughoot
~Result lisk (right-click For options) safety
i
e ISl Test mode: 10-fold cross-validation

19:40:29 - brees, 145
19:40:37 - bayes.MaiveBayes

0:47: 19 - bayes. Naive === (lasgifier model (full training set) ===

Naive Bayes Classifier

Clazz unacc: Prior probability = 0.7

buying: Discrete Estimator. Counts = 361 325 269 259 (Total = 1214)
waint: Discrete Estimator. Counts = 361 315 269 269 (Total = 1214)
doorz: Discrete Eztimator. Counts = 327 301 293 293 (Total = 1214)
persons: Discrete Estimator. Counts 577 313 323 (Total = 1l213)
lughoot: Discrete Estimator. Counts 451 393 369 (Total = 1213)
safety: Discrete Estimator. Counts = 577 358 278 (Total = 1213)

Class acc: Prior probability = 0.22

Skakus
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Preprocess  Classify | Clusterl .ﬁ.ssaciatel Select attril:nutesl 'u'isualizel

=10l x|

—Classifier

—hoose INaiveBayes

~Tesk opkions
" lse kraining set

" Supplied test sek Sef, ..,

{* Cross-validation  Folds |1III—

—Classifier aukpuk

=== Ftratified cross-validation
=== JUNmAary ===

" Percentage split A IEE Correctly Classified Instances 1478 85,5324 %
; | Incorrectly Classified Instances 250 THETh %
More optians. .. Kappa statistic 0.6665
Mean ahsolute error 0.1137
(Mo y vl Foot mean squared error 0.2262
Felatiwe absolute error 49,6626 %
Stark =] | Boot relatiwe scquared error 66,9045 %
~Result lisk {right-click For options) BOE R A8 e e Sz el buet
19:32:30 - trees.1d3 === Detailed Accuracy By Class ===
19:40:29 - brees, 145
ayes .
- TP Rate FF Rate Precision  Recall F-Measure Claszsz
Bayes
" .96 0.2035 o.917 0.96 0.935 unacec
0.706 0.095 n.672 0.706 0.659 acc
n.415 0.001 0,931 n.415 0.574 v—good
0.275 o.oo7 0.633 0,275 0.354 good
=== Confuszion Matrix ===
a b c d <-- classified as=s
118l 45 ] 1 1 a = unacc
lo4a 271 0 9] b = acc
] 37 27 1] c = w-good
1 47 z 19 | d = good
=
Skakus
’70}( Lag
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