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Exercise 2: CAR dataset

o 1728 examples

e 6 attributes

— 6 nominal
— 0 numeric

e Nominal target variable

— 4 classes: unacc, acc, good, v-good

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

e No missing values




Preparing the data for WEKA - 1

Data In a SpreadSheet E3 Microsoft Excel - car.csv - 1ol x|
(E] Fle  Edt  Wiew Insert Format  Tools Data  Window Help  AdobeFDF - &
| i ®
(e'g' MS Exce) §_‘|B§.ﬁ.rial - 10 v|BIg|§§§|ﬁv@?vévB
o Il I R R I 5 | & B4 (@ | ¥ Reply with Changes... End Review. .. !
sl i al g2 —— -2
- A - e buying
Rows are examples e
- buyin maint doars persons  lugboot  safety ¥ —
- COlumnS are attrIbUteS 2 |w-high .\x—high 2 2 small o Unace
. 3 |w-high w-high 2 2 small med Unace
- The last column is the 4 \vhigh  whigh 2 2 small  high  unacc
. 5 |w-high w-high 2 2 med o UNacc
ta rget Vva r|ab|e B |w-high y-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 | ﬂJJ
Ready
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Preparing the data for WEKA - 2

\\ n
Sa Ve a S . CSV E Microsoft Excel - car.csv 10l =l
i R Eﬂ File Edit “ew Insert Formatk  Tools Daka  Window Help  Adobe PDF - &
- Careful with dots “.”, ° x
\\ W74 EJEEFWH - 10 vlﬂfulgéélﬁv{%vﬁva
commas “,” and - . .. | _
. w7 i [ I - | & = [ | ¥¥Reply with Changes... End Review, .. !
semicolons *;"! wmal ol -2 -z
A1 - & buying
e w1 ¢ [ o T E [ F | 6 [
saveas 20 xfoot  safety  y =
Save in: Ili' Handsonweka j @ - h | 'Q S v Tools - I low UIZIEE
Il med Unacc
_ § [lcar.csv | high unacc
' |y UNacc
My Recent med Unacc
Docurnents
high Unacc
I |y UnNacc
[
med unacc
Dl high unacc
- Il [y UNacE
‘_‘) Il med Unacc
My Documents I high HRECE
i unacc
jl)_ﬂ med Unacc
M';.f.Ccumputer
!! File name: Im -
TW‘EEFDGE My Mebwork J e
OLOGIES Places Save as bype: ICS'\-' (Commma delimited) (%, csv) j Cancel
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Load the data

Car.csv
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
Skatus
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Choose algorithm 148
®\ =T

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

@ —Classifigr
\:> ;I wekﬂ |

| = | classifiers
T - | baves e oukput
- | functions

| lazy

- | meta

- | misc

= | trees

------ & ADTree

------ # DecisionStump
...... ... Id3

...... & RChH

G e
...... # MSp

------ # MNETree

------ # RandomForest

------ # RandomTree

------ # REPTree

------ # UserClassifier

- | rules
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Building and evaluating the tree

_lnix

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

—ClassiFigr

J48-C0.25-M2 |

~Test options —Classifier oukpuk
@ {7 Use braining set
\ " Supplied test set Sek, .., |
Folds 10

% Cross-validation

{~ Percentage split o IEuEu

More options. .. |

\:Nnm} W ll

Start Stop |

©

~Result list {right-click For options)
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M=

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

Classifier
Choose |J4B -Cn25-Mz
Test options Classifier output
= Use training set |
¢ Supplied test set cof Time taken to build model: 0.05 seconds ClaSSIflcatlon
% Cross-validation  Folds |1E| === Stratified cross-walidation === accuracy
{ Percentage split B |E-6 === SUNNArY ===
Mare options. .. | Correctly Classified Instances 1596
Incorrectly Classified Instances 132
(Mo v vl Eappa statistic 0.8343
Mean absolute error 0.0421
Skark Shop | Foot mean squared error 0.1715
Result list (right-click tiors) Felatiwve absolute error 18.3833 %
. Root relative squared error 50.8176 %
14:5 trees, 14 Total Number of Instances 1723
=== Detailed Accuracy By Class ===
TP Rate FP Rate Precision Recall F-HMeaszure Clazs
0.962 0,064 0,972 0.962 0,967 unacc
0.867 0,047 0.541 0.867 0.5854 acc
0.892 0.011 0,763 0.89z2 0.5823 w-good
0.594 0o.011 0,695 0.594 0,641 good
o BRI e Classified as
a b s d <-- clazzified as
11564 43 0 3| a = unacc
33 333 7 11 b = acc
| <« Actual values
0 3 58 4 | ¢ = w-good
I 17 11 41 | d = good
-

/a— Stakus
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=10 x|

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

Classifier
Zhoose |J4B o025 -M 15
Test options Classifier oukput
= Use training set ;I
 supplied test sat Seb Time taken to build model: 0,058 seconds
{* Cross-validation  Folds |1IZI === Stratified cross-walidation ===
" Percentage split L I66 === Jummary ===
Mare options. .. | Correctly Classified Instances 1595 9z.3611 %
RI ht Incaorrectly Clazssified Instances 132 T.6389 %
g (o) ¥ vl Kappa statistic 0.8343
mouse Mean absolute error 0.0421
. Skark | Shop | Root mean sgquared error 0.171%8
C“Ck Result list fright-click tiors) Felatiwve absolute error 15.3833 %
~~ esulk lisk (right-click. For options
d P Foot relative =quared error LS0.8176 %
L . of Instances 17258
14:55:13 - bree: Yigw in main window
Wiew i ke wind
iew in sepatate window hecuracy By Class ===
Save result buffer
Laad rodel Fate Precision Fecall F-Measure Clazsz
Save model . 064 0.97z2 0.96%2 0.9a67 unacc
Re-evaluate rmadel oncurrent test set . 047 0.341 0.8a67 0.354 acc
Visualize classifier errars -011 0.763 0.83z 0.823 v-good
| TR ¢ vt e oo
— M YWisualize margin curve .
L. Matrix ===
Visualize threshald curve b
Yisualize cost curve L d <—- 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
-
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Tree pruning

@

Parameters of the
algorithm (right
mouse click)

©

Set the minimal number
of objects per leaf to 15

RARTMENT OF
DWLEDGE
OLOGIES

Jozef Stefan Institute

|I[

i weka.gui.GenericObjectEditor

=101 x|

14:55:00 - trees, 144




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..,

% Cross-validation  Folds IlD

e |66

More options... |
d

Skop |

= Percentage splic

(Marn) v

Skark

Result list {right-click For options)

15:21:19 - krees MSP

Classifier output

=101x]

Number of Leawves

@
& D

Time taken to build model:

-

3ize of the tree :

0.05 seconds

=== SFtratified cross-walidation ===

=== SUNmMAary ===

Correctly Claszified Instances 1397
Incorrectly Classified Instances 331

Kappa statistic 0.5789
Mean abgolute error 0.12
Foot mean squared error 0.2504
Relatiwe absolute error 52.39689 %
Root relative sgquared error T4.0626 %
Total HNumher of Instances 1728

= Detailed Accuracy Ey Class ===

TF Rate FP Rate Precision Recall F-HMeasure
0.907 .17 0.926 0.907 0.917
0.724 0.1l& 0. 564 0.724 0.5634
0,.3z3 0.013 0.5 0,.3z3 0.393
i} 0.o04 0 i} u}

=== Confusion Matrix ===

a b = d <—- clazsified as
o9 109 2 L a = unacc

88 278 1z 6 | b = acc

i 44 21 o c = v-good

1] 62 7 o d = good

Reduced ~*

number of
leaves and
V\
nodes [~ Easier to interpret
. 3 \
Do - Lower
classification
accuracy
Clazs=

Skatus

Ok
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Nalve Bayes classifier

i waka Explorer
o\

Preprocess CLﬂSSiFYICIusterI Associake | Select attribukes | Wisuali:

—Classifier
\ ke

>,j§_| classifiers S

T -] bayes
\ ...... & AODE
\\ ------ # Baveshet 4
\ ------ # ComplementhlaiveBayes .
------ # NMaiveBayeshMulkinomial
------ # NMaiveBayessimple Fait
------ # NMaiveBayesUpdateable | as3
ic
I ELY
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i weka Explorer -0 x|
Preprocess  (Classify | Clusterl .ﬁ.ssuciatel Seleck attril:uutesl '-.-'isualizel
Classifier
hoose INai\reBayes |
~Test options —Classifier oukpuk
" Use kraining set ——= Pun information === =
{~ Supplied test set Sek, ..
" Scheme: weka.classifiers.bhaves.NaiveBayes
{* Cross-validation  Folds |1I:I Felation: car
" Percentage split e IEuEu Instances: 1728
. Attributes: 7
More options. .. | .
buying
maint
(Mom) ¥ vl doors
persons
Start Stop | lugboot .
~Result lisk {right-click for options) safety
¥
19:32:30 - trees Id3 Test mode: 10-fold cross-validation
19:40:29 - brees, 145
19:40:37 - bayes.NaiveBaye e 1 £ del (full o L
19:47:19 - bayes. Nalve === assifier 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

o4 Log w x 0
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i weka Explorer - 10| x|

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

—Classifier
Choose INai\reBayes |
~Test options —lassifier output
" Use training set -]
" Supplied test set Sek, .. === jtratified cross-wvalidation ===
=== SUJ]]IIIE[]‘:Y ===
{* Cross-validation  Folds |1I:I
i~ Percentage splic T IE.E. Correctly Classified Instances 14748 85.5324 %
i | Incorrectly Classified Instances 250 TEGTE %
LS e oo FKappa statistic 0.6665
Mean ahsolute error 0.1137
(M vl Root mean scquared error 0.2262
Belative abhsolute erraor 49,6626 %
Start ahop | Root relative sgquared error BE.9045 %
Total MNumher of Instances 1728

~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

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precizion Fecall F-Measure Class

0.96 0.203 0.917 0.96 0.938 unacc
0,706 0.093 0.687z 0. 706 0,659 acc
0.415 0.001 0.931 0.415 0.574 v-good
0.275 0.007 0.6833 0.275 0.354 good

=== Confusion Matrix ===

a h c d #£-- classified as
116l 45 ] 1| a = unacc
loda 271 0 9 | b = acc
o 37 27 1] Cc = v-good
1 47 2 19 | d = good

L]

ok Log w x 0
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Numeric prediction in Weka
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Numeric prediction models

e LinearRegression

e M5P Regression and model trees
o KNN

e Baseline predictor




regressionAgeHeight.csv
e Data about 80 people:

e Age
o Gender
e Height BT R R A

A

0.4 ¢ Males
0'5 ® Females

0 20 40 60 80 100
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=10l x|

Cpen File, .. | Cpen URL., .. | Cpen DE. .. | lndm Edit... Save, ., |
~Filter
Choose INune | Apply |
—Current relation —Selected attribute
Relation: reqressionfheHeight Mame: Height Type: Numetic
Instances; &0 Aktributes: 3 Missing: 0 (0%%) Diskinct: &0 nigue: S0 (100%:)
—aktributes Skatiskic Yalue
Minirnurn 0.902
all | Mone Invert Maimum 1.595
Mean 1.628
Mo, Mame StdDey 0,236
1| |age
2 iGsender
Class: Height (Murm) ll Yisualize All |
35
a0
i} 4 B
Remove |
T
0.4 1.4 14
Skaktus

|

Ik

Log




Visualization in Weka

WEka Explorer

F‘reprncessl Classiﬁfl Clusterl .ﬁ.ssnciatel Select attributes Visualize I

Plot Matrix Age Gender Height
S ar oo n
H5g oo oo ;
i Tl EE o
Height & 2 : X
] ] Q P
[u] [n] [u]
W o 2 &
§ o 8 &
=] o] =]
R TEIT  TED D O Mo 00 OO0 OO0 O
Gender
T R Tl DO O 0D (=] (=] (=] O OOl o0
(=] (=] (=]
L -] -]
ﬁ'c;h N g I:h':l:il:ll:-
. (=]
y : : YN
= 5 ; i -
- E L e a
e B : gl
! o
OLOGIES f E i gogos® ™o
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Weka - classifiers - functions =
LinearRegression

WEka Explorer

Preprocess  Classify | Cluster | Associate | Select attributes

—Z|assifier

| =) weka -
| B3 dlassifisrs

r #-I07) bayes

=110 Funictions

----- # LeastMedsg

E LinearR.eqgression
Loqgistic
MulkilayerPerceptron
FaceRegression
REFMetwork.
SimpleLinearRegression
SimpleLogistic
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=10l ]

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

—ClassiFigr

Choose  |MSP - 4.0 |

~Test options —Classifier oukpuk

" Use training set === Clagsifier model (full training set) ===

" Supplied test set =
{% Cross-validation  Folds |1IZI

{~ Percentage split o IEuEu

| Height =

Linear Regression Model

More options. ..

0.0056 * Age +
{Murn) Height v| 0.1292 * Gender=M +

1.3506
Stark Stop |

Time takenh to build model: 0 zeconds

~Result list {right-click For options)

1512452 - trees, MEP

=== [rozz-validatioh ===

16:03:32 - funckions. LinearReqgressian === Sumnary ===
Correlation coefficient
Mean ahsolute error

Foot mean squared error
Felatiwe ahsolute erraor
Root relatiwe aquared error
Total Mumher of Instances

Skaktus
’7 04
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Weka - classifiers - trees -> M5P

Preprocess  Classify I Clusterl .ﬁ.ssnciatel Select aI:I:riI:qu:esl Wi

~iZ_lassifier

lﬁ weka

| 25 dlassifiers

r [+#-[7) bayes

[#1-/.=) Functions

B lazy

#-107) meta

[#1-1.7) miise

=105 trees

---- # ADTree
DecisionSturmp

Id3

1435

LMT

MSF

METree
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builtRegressionTree
builtRegressionTree

RARTMENT OF
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True - regression tree
False &> model tree

wEka.gui.EenerithjEctEditur - O] x|
weka, classifiers, trees,MSP
Abouk
The ariginal algaorithm M was invented by Quinlan: More
cinlan J.
\ buildRegressionTres  |False |
debug |False -
mintumInstances |4.0
savelnstances |False -
unpruned |False |
uselnsmoothed  |False |
Cpen, .. Save... I Zancel




KNN: weka = classifiers - lazy
—->1Bk

WEII:-EI Explorer EA weka.gui.GenericObjectEditor - O] x|

Preprocess  Classify I C|L|5|:|3r| a weka,classifiers.lazy . IBk
~Classifier About

lii'IWEkﬁ k-nearest neighbo classifier. More |

| 25 classifiers
B ) bayes KMM - [3]
(|7 Functions
crosshalidate  |False ]
debug |False -
distanceideighting  |Mo distance weighting -
: meanSquared  |False -
[ 7) meta
— h-i‘l rmisc noflormalization  |False =
( |5 trees | |
) rules windowSize IIII

RARTMENT OF
%IGEEDEE Qpen. .. | Save. .. ] 4 iZancel




Weka - classifiers - rules -
ZeroR

Preprocess lassify I Clusterl .ﬁ.ssnciatel S

—Zlassifier

) weka

| =3 classifiers

| EC) bayes

[#-I.7) Funckions

B lazy

[#-[.7) meta

[#1-.7) misc

-7 trees

=07 rules
ConjunckiveRule
CecisionTable
JRip

MSRules
Mhge

onek,

PART

Prism
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