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To assist you
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* |vica Slavkov (Ivica.Slavkov@ijs.si)
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Plan for the session

» Classification: CAR dataset
— Preparing and loading the data
— Building decision trees
— Building set of rules
— Estimating model quality

* Regression: Imports-85 dataset
— Model trees
— Regression trees
« Descriptive induction: Voting & Iris dataset

— Association rules
— Clustering
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CLASSIFICATION

CAR dataset



CAR dataset

1728 instances

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

NOWLEDGE
OLOGIE

Jokef Stefan In: stitute



Preparing the data for WEKA -1

Data in a spreadsheet

(e.g. MS Excel) N

Microsoft Excel - car.csy
@_] File Edit Mew Insert Format Tools  Data  Window Help  Adobe PDF

-0 - | B 7 U|=

el Al -2 2
. A1 - A buying
-  Rows are instances e O R
buyin Irmaint doars persons  lugboot  safety ¥ —
I 2 |w-high whigh 2 2 small o Unace
B COlumnS are attrIbUteS 3 [w-high w-high 2 2 small med Unacc
. 4 |w-high v-high 2 2 small high unacc
— The |aSt COlumn |S the 5 |v-high y-high 2 2 rmed [ UnAace
G [whigh whigh 2 2 med med UNacc
? 7 |w-high whigh 2 2 med high Unace
target attrIbUte 8 [whigh whigh 2 2 big [ o Unace
9 |w-high v-high 2 2 big med unacc
10 |w-high whigh 2 2 big high UNacc
11 |whigh whigh 2 4 srmall o Unacc
12 w-high w-high 2 4 small med Unace
13 [w-high w-high 2 4 small high unacc
14 [w-high v-high 2 4 med [0y unacc
15 |w-high whigh 2 4 med med UNacc -
W4 » Mhear/ B K1 | Lu—‘
Ready LM S
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Preparing the data for WEKA - 2

Save as “.csv’
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E3 Microsoft Excel - car.csv -0 x|

@J File Edit “ew Insert Format  Tools Daka  Window Help  Adobe POF - &

Careful with | -
aretul wi §JB§Arial - 10 v|BIU|§§EIEv&*ﬁ*E

commas, dots and

dWmna s el

5 | & 4 [ | ¥¥Reply with Changes... End Review... !

ol sl 4] g-el —— -2
semicoions Al - A buying
=T & [ « [ n [ E | F | Glj
saveas 2Ixl|oot  safety  y =
Save in: I[ﬁ Handson'weka j & - . | 'a . i |j = Tools = I | unacc
_ Il rred Unace
5- @Ear-csv Il high UNACE
' [y unacc
Uy [RETE: med URACE
Docurments X
high unacc
rL- [ Unacc
rred Unace
Desktop high unacc
- Il [ Lhace
’) Il rred Unace
My Documents Il high Unace
[ Uhacs
_,,;I med unacc -
9 | -
My Compuker
MM ,.-:.'5
g File: marne: Im = Jave I
Py Metwork, J =
Places Save as bype: ICS'\-' {Comma delimited) (*,csv) j Cancel |




Open WEKA Explorer

=10l x|

~= Weka GUI Cho

ooser RT=TEY

Waikato Environmment Far
knowledge Analysis

Version 3.4.6

fch 1999 - 2005
University of Waikato
Mew Fealand

Simple CLI Explarer

Experimenter HnovledoeF o

/ N
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®,  Load the data

£ weka Explo er -0l x|
Cpen File. .. | Cpen URL... | Cpen DE. .. | IR Edit... Save... |
~Filker
Choose INunE | Apply |
—Current relation —Selected attribuke
Relation: car Mame: v Twpe: Mominal
Instances: 1725 Attributes: 7 Missing: 0 (0%:) Distinct: 4 Unigue: 0 {0%:)
—aktributes Label Count
unacc 1210
all | Mone Inwvert acc 84
w-good 65
Mo, l_ Mame gqood 69
1|~ buying
2 [maink
3 [doors
4([ |persons
S lugbook o
Class: v (Mo - Yisualize all |
6 [safeky ¥ (hom) —I
Target variable
Remove
G5 69
I
Skatus
! sammmm—
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@ Choose a tree
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i weka Explorer

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

=10l x|

—Classifier

Choose  |348 -C0.25-M 2

~Tesk options
" UUse kraining set
= Supplied test set Set..,

¥ Cross-validation  Folds IIIII—

Yo kﬁ

More options. .. |

hd

Shop |

{ Percentage split

(Morn] v

Skark

~Result list {right-click For options)

—Classifier output

Kappa stat

TP Rate
0.962
0.867
0.892
0. 594

Time taken to build model:

unmary ===

istic

FP Rate
0.064
0.047
0.011
0.011

Mean ahzolute error

Foot mean squared error
Relatiwe abzolute erraor
Foot relative sgquared error
Total Number of Instances

Correctly Classified Instances
Incorrectly Classified Instances

Precision

0.972
0.541
0,763
0.695

Confusion Matrix ===

a b
1lg4 43
33 333

0 3

1] 17

58
11

d

3| a
11 | h
4 | =
41 | d

Stratified cross-walidation ===

Detailed Accuracy By Class ===

0.05 seconds

1596
132

17E3

Classification
accuracy

G343
L0421
L1715
15,
s0.

3833 %
3176 %

Recall F-HMeaszure Clazs
0.962 0.9a87 unace
0.567 0.5854 acc
0.589:2 0.823 v-good
0.594 0.641 good

unacc
aco
v-good
good

<-- classified as

‘4_ Actual class

Stakus
{OK

Log | #xn




Right
click

Py N,
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i weka Explorer

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

Classifigr

Zhoose |J4B -2 0,25 -M 15

Test options Classifier oukput

=10l x|

= Use training set ;I
# Sipplied test set ceb. Time taken to build model: 0,058 seconds
{* Cross-validation  Folds |1IZI === Stratified crozs—-walidation ===
= Percentage split L I66 === Jummary ===
Mare options. .. | Correctly Classified Instances 1595 9z_3611 %
Incaorrectly Classified Instances 132 T.83589 %
(o) ¥ vl Kappa statistic 0.8343
Mean absolute error 0.0421
Skark Shop | Root mean sgquared error 0.171%8
Result list fright-click tiors) Felatiwve absolute error 15.3833 %
esult list (right-click Far options
d P Foot relative =quared error LS0.8176 %
Viewi i wind of Instances 17258
14:E8:17 - bree: i in main window
Wigw in separake window
. Accuracy By Clazz ===
Save result buffer
Laad rodel Fate Precision Fecall F-Measure Clazsz
Save model . 064 0.97z2 0.96%2 0.967 unacc
Re-evaluate rmadel oncurrent test set . 047 0.341 0.8a7 0.354 acc
Visualize classifier errars -011 0.763 0.83 0.823 v-good
| T - o e
Yisualize margin curve | Marrix ===
Yisualize threshaold curve b
Yisualize cost curve L d <—— plassified as
1164 43 1] 3| a = unacc
33 333 7 11 | b = acc
0 3 La 4 | c = w-good
0 17 11 41 | d = good
-
Skatus
Log 'ﬂ‘l x* 0
ik




Algorithm
parameters

©

Set the minimum
number of examples
in a leaf

DERARTMENT OF
DWLEDGE
DLOGIES

Jokef Stefan Institute




Z Weka Explorer

higher
understandability,

lower accuracy

15:40:35 - trees, 148
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= high

=med

= |ow

= fnore

=40

- e -

=40

=20

= hig

v-high = high  =med [

small = med

=small =med

R

v-high =high =

=small =med



Building classification rules
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REGRESSION

Imports-85 dataset
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Imports-85 dataset

205 instances
o 25 attributes

— 11 nominal attributes
— 14 numeric attributes

* Continuous target variable

— Distribution:
* Minimum 5118
« Maximum 45400
« Mean 13207.129
o StdDev 7947

» Missing values
— 4 (2%)
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i Weka Explorer =101
Preprocess I Classify | Clusker | Associate | Select attribukes | Wisualize |
ope.., | Cpe,,, | Qpe, ., | Undo | Edit... | Save... |
~Filker
Choose INune | Apphy |
~Current relation ~Selected attribute
Relation: imports-35 Mame: price Twpe: Mu...
Instances: 205 Attribukes; 26 Missing: ...  Diskinck: . Unique: 17...
-Attributes Skatistic Yalue
Minimurn 118
all | Tare | Irvert | Mairnunm 45400
Mean 13207, 129
Mo, ‘=| Marne StdDew 7047, 086
S |aspiration ;I
& Inurn-of-doors
7 body-style
& drive-whesls
a|[™ [enagine-location
10([” [wheel-base
11" [length
12|[" width Class: price (Mum) LI Wisualize Al |
13 height
14/ jcurb-weight
15[ |engine-type A0
16/ nurn-of-cylinders
17\[" |engine-size
18([" [Fusl-svstemn
12" |bore
20([" |stroke 46
21" |compression-ratio | 5
22/[ |horsepower
251 pedkrem =1
1 o
Remaove | 3 4 z 3
5118 252I59 464UEII
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Model & regression tree

| - Weka Explorer

, Preprocess Classify I Clusterl .ﬁ.ssnciatel Select attril:nutesl 'u'isualizel

—Classifier

|| weka

| B~ _|n:|-355|F|ers

- | bayes

- | Functions

- | lazy

| meta

| misc

=l |trees

------ # ADTree

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

...... * 148

P~ i & LMT

------ MSP

------ # MBETree

------ # RandomFaorest
------ # RandomTree

------ # REPTree

------ # UserClassifier
- | rules

J0d * length
61531 * height
h99 * curb-weigh
h9Z9 ¥ engine-=:
4558 * fuel-zy:
1472 * fuel-zv:
4855 *

3587 *

I8Z * horsepowel
OZ82 * city-mpi
0594 % highway-I
3708

bhore
COMpres:

build model: 0.

efficient

-

Mean absolute error



Evaluating regression model

£ weka Explorer

Preprocess  Classify I Zluster I .ﬁ.ssuciatel Select attril:uutesl Wisualize I

=10l x|

—Classifigr

~Test opkions

" Use kraining sek

= Supplied kest set

" Percentage split

f* Cross-validation  Folds |1I:I

Set...

% [e6

—Classifier output

F [T.939d * highway-npg
- 517.3706

Iumber of Rules :@ 4

Eoot Mean Souared Error

EME=

1=

Time taken to build model: 0.39 seconds
More optians. .. |
=== [rozgs-validation ===
=== JUNmMALrY ===
[Mum) price - | i
Correlation coefficient 0.9599
Start Stop |
HMean absolute error 1524, 3286
~Result lisk (right-click For options) Foot mean sMquared error 22249209
15:21:19 - krees, MSE Eelatiwve ahzolute error 25,8098 %
15:40:35 - krees, 148 Foot relatiwe siquared error 27,8279 %
3 - brees. MSP Total Number of Instances 201
Ignored Clazz Unknown Instances J
-
Rl | ,
"Status
Log w *0
0] 4
! sammmm—
4 DERARTMENT OF

{ _ KNOWLEDGE
\TECHNOLOGIES

1 n
—

0i=1

(

1



Model tree visualization

2 VWeka Classifier Tree ¥Yisualizer: 15:21:19 - trees.M5P (imports-85)

=10l x|

rTree Yiew

_,—'-""'_'f
L1 425711.970%
.
M2 4025 300%)

==26[5.5

==0.5

=2665.5

==182

=0.5

=182
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Regression trees

i weka Explorer

=10 %]

@ Preprocess lassify I Clusterl P.ss-:u:iatel Seleck attril:uutesl '-.-'isualizel
\

@ 7 Percentag: | The ariginal algarithrn M5 was inventad by Quinlan: Mare |
\

DERARTMENT OF

/
" KNOWLEDGE
Q\'\TEGHNOLOGIES

Jokef Stefan Institute

—Classifier

O |M5P R M40

~Test options | rCIassiFier ouktpuk

T T TN F Im = srlmwrmrr  waam or

- Uz T i weka.gui.GenericObjectEditor -10] x|

" Supplied ke \eka, classifiers. trees, MEP
% Cross-valic —About

Guinlan J.
Mo

B —— -

(Murn) price

debug  |False -
Skark I —I
~Result list (right rhinfurnInstances |4.III

15:21:19 - tree
154035 - tree

savelnstances IFaIse

|
unpruned IFaIse ;I
|

uselnsmoothed IFaIse

Qpen. .. | Save. ., Ok Cancel |

Status———
’7 Ik

Log




Evaluation of the regression tree
RI=IES

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

—Classifier

Choose  |MSP -R 11 4.0 |

~Test options —i_lassifier output

{7 Use training set -]

Number of Fulez ‘
" Supplied kest set Sek... 0

% Cross-validation  Folds Im Tine taken to build model: 0.34 seconds

i L
& IE === [Crogs-walidation === arger error
compared to the

| — model tree

" Percentage split

More opkions., .. | === Bummary ===

. Correlation coefficient
(Murn) price v
Mean absolute error
Skart Stop | Foot mearn squared error
BEelatiwe absolute error
~Result list {right-click For options) Root relative scuared error 50,362 %
15:21:19 - trees.MSP Total Number of Instances 201
15:40:35 - brees. 148 Ignored Class Unknown Instances 4q

15:55:13 - trees.MSF

33 - trees.MSP

i -

< | !
"5tatus
Log w, x 0
(0] 4
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Understandability of
regression and model trees
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Descriptive induction

Voting dataset
Iris dataset
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Votin

435 instances
16 attributes

— 16 nominal attributes

— 0 numeric attributes
* No target variable
* No missing values
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g dataset

Weka Explorer ] 4
Preprocess I Classifyl Clusterl .C\sscu:iatel Select attributesl 'u'isualizel
Open Fil... | Open ... | Open ... | Unda | Edit... | SaVE... |
Filker
Choose INune | Apply |

~Current relation

Relation: woting

Selected attribute

Marme: handicapped-infants Type: Mo...

Instances: 435 attributes: 16 Missi,.. 121... Diskinct: ... Unigque: 0(0...
~Attributes Label Counkt
n 236
all | Maone Invert m 187

1/l
2\[" |mater-project-cost-sharing
3 |adoption-of-the-budget-resolution
4[" |phvsician-fee-freeze
5[ |el-salvadar-aid
& |religious-graups-in-schoals
7\ |anti-satelite-test-ban Class: party (Mom)
8|[" |aid-to-nicaraguan-conkras
3 |mx-rnissile
10\[ limrnigration
11[" |synfuels-corporation-cutback
12|[" leducation-spending
13(™ |superfund-right-to-sue
14 |crime
15[ |duky-Free-exparts
16/[" |parky
Remove

LI Visualize Al |

Status
IVOK

Log # %0




i Wela Explorer

Assoclation rules

@ Preprncessl Classihfl Cluster Associate | Select attril:uutesl Yisualize

Associatar

=10l x|

Choose Inpriuri -N10-TO-C0.9-D005-U1.0-M0.1-5-1.0

Y

Start | Stop |

—Result list (right-click Far o

34 - Apriori

—Associator aukpuk

—
=

=

W00 -1 M on s L

Size of zet of large itemsetz Lid): 1

Best rules found:

adoption-of-the-budget-resolution=y physician-fee-freeze=n 219 == party=democrat Z12
adoption-of-the-budget-resolution=y physician-fee-freeze=n aid-to-nicaragquan-contras=y 195 =:

physician-fee-freeze=n aid-to-nicaragquan-contras=y =211 ==> party=democrat 210 conf:(l)
physician-fee-freeze=n education-spending=n 202 ==> party=democrat 201 conf:(l)
physician-fee-freeze=n 247 ==> party=democrat 245 conf:(0.99)

el-zalvador-aid=n party=democrat 200 ==> aid-to-nicarafan-contras=y 197 cont: (0.99)
el-salvador-aid=n 208 ==> aid-to-nicaraguan-contras=y 204 conf: (0.98)

adoption-of-the-budget-resolution=y aid-to-nicaraquan-contras=y party=democrat 203 ==> physic
el-zalvador-aid=n aid-to-nicaragquan-contras=y¥ 204 ==> party=democrat 197 cont: (0.97%)
cont: (0.96)

aid-to-nicaraquan-contras=y party=democrat =215 ==> physician-fee-freeze=n 210

cor

-

2

Log

< "

Skakus
’7 (0] 4
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Iris dataset

* 150 instances

o 4 attributes
— 0 nominal attributes
— 4 numeric attributes

 Nominal target variable

— 3 values:
* Iris-setosa (30%)
* Iris-versicolor (30%)

i Weka Explorer - 10| x|
Preprocess | Classif':.-'l Clusterl .ﬁ.ssaciatel Select attril:nutesl 'u'isualizel
Qpe, . | Cpe, .. | Qpe, .. | IInda | Edit. .. | Sav. .. |
—Filker
Choose INune | Apply |
—_urrent relation —Selecked attribute
Relation: iris Mame: iris Twpe: M...
Instances: 150 Atkribukes: 5 Missing: ... Distinck:  Umique: 0.,
—Atktributes Label Counk
Iris-setosa S0
all | Pore | Inw... Tris-versicalar =0
Iris-virginica S0
M. L [arne
1{[" |sepal length
2 |sepal width
3 |petal length
4 |petal width ICIass: iris {Morn) ll Wisualize Al |

?_

1]

Al

a0

e Iris-virginica (30%) 1
* No missing values T e
"E;ztus Log | w x 0
/" oexasment oF
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Clustering

i Weka Explorer

F‘repru:u:essl Classify Clusker .ﬁ.ssnciatel Select attril:uutesl '-.-'isualizel

=10 x|

Simplek

—Clusterer
| weka |
| = | cluskerers
o i@ Cobweb FCluskerer outpuk
5 EM o]
FarthestFirst . .
MakeDensityBasedlusterer WIMIEE OF SEEEAEIENSE O

Flnatar cantradidas

£ weka.gui.GenericObjectEditor

weka, cluskerers, SimplekMeans
About

Within cluster sum of squared errors: 6,9931140045267¢

=10l x|

Cluster data using the k means algorithm

Matre |

numClisters |3

—

17:12:13 - SimplekMeans

- SimplekMeans

Skakus

seed |1III
CIpen. .. | SaAVE. .. K Cancel |
0 6l [ 4l%)
1 50 [ 33%)
2 39 [ 26%)
-
B | :
Log w. x*0




Clustering visualization

| Cluster:

i Weka Clusterer Visualize: 17:12:22 - Simj - O] x|

[ Store clusters For visualization

Igrore attributes v: petal wll Weka ':.!H.Sterer Yisualize: 17: 12:23 Sir
Skart | |C|:|I|:u_|r: Zlusker (o) w | |5elect Instance ﬂ
Result list {right-click For options) ol 5
16:27:25 - EM =ar ave Titker

1702017 - EM

——— Plats iris-weka.filkers. unsupervised, attribute . Remove-RS_clustered
Wigw in main window -

‘Wiew in separate window
Save result buffer
Load mode|

Save model

Wisualize cluster assignments

Zlass colour

clusterd clusterl

m
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