Didacticiel - Etudes de cas R.R.

Subject
Building decision tree with TANAGRA, ORANGE and WEKA. Error rate estimation using a

cross-validation.

When we build a decision tree from a dataset, we much follow the following steps (not

necessarily in the same order):

e Import the dataset in the software;

¢ Select the class attribute (TARGET) and the descriptors (INPUT);

e Choose the induction algorithm, according the implementation we can obtain slightly
different results;

¢ Learning process and viewing the decision tree;

o Use cross-validation in order to obtain an honest error rate estimate.

Dataset
We use the HEART.TXT (UCI IRVINE), some attributes are deleted; there are 270 examples

in the dataset.
Building a decision tree with TANAGRA

Importing the dataset

We create a new diagram and import the dataset with the FILE/NEW menu.

i TANAGRA 1.4.4

g Dizaram  Wwindow  Help

Choose your dataset and start download
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Data mining diagram file name
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Defining the role of attributes

We add the DEFINE STATUS component (we use the button in the toolbar) in the diagram.

We set COEUR as TARGET, the other attributes as INPUT.
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. TANAGRA 1.4.4 - [Dataset {heart.txt)]
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Selecting the learning algorithm

We want to use the Classification and Regression Tree (Breiman et al.) algorithm. There are two

steps when we want to define a supervised learning process in TANAGRA: (a) we insert a
meta-supervised learning component from the META SPV LEARNING tab...

{ TANAGRA 1.4.4 - [Define status 1]

EFiIe Diagram Component  Window  Help

0w & 5
— o vemestawst
o e e e
B*:t Define status 1 Target ; 1 =
Supervised Learning 1 Input : 12
A Mustrative : 0 =
‘ o Resws
\
\ Attribute  Target Input IWustrative
\ age wes -
\ sexe yes -
w
N Componetts
Data visualization | ?fatjgtics | Monparametrc statistics | Instance selection |
Feature construction | Feature sel&t'qn | Regreszion | Factoral analvsis |
PLS | Clustering ~ .L Spv learning I I Meta-zpy learning |I
Spu learning assessment | Scorng | = \Aﬁociation P A
[#] drcing [Aro-x4] [®] Bagzing [#]Boasting \:: [¥] Superdsed Learning :,‘
(b) ... and embed the learning algorithm, C-RT, from the SPV learning tab.
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(I TANAGRA 1.4.4 - [Define status 1]

E File Diagram Component  Window  Help E
EH %
= B Dataset (hesrt o) . paametes
+ .\
[SE* _De‘ﬁne status 1 Target : 1
ivi Supendsed Learning 1 (C-RT) Input ; 12
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N
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I 1
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- ““
J?Binary logistic regression -{a‘;jCél.S ‘,. E‘éC-S\fC
£ Breiman et al. {19584}, classification tree algorithm, 2

Displaying the results

In order to view the decision tree, we click on the VIEW menu of the last component, we see

the treel: the resubstitution error rate is 19.63%; the tree has 4 leaves (4 rules).

I TAMAGRA 1.4.4 - [Supervised Learning 1 (C-RT)]

E File Diagramn Component ‘Window Help - 8
=
Drefault title 5 5 01667 02111 ~
= Dataset (heart.txt) 2 7 0. 1444 0.2000
P X
=t IDEelﬁne status | — 1 i 0.1111 0.2111
Parameters... . .
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Mumber of nodes 7
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Decision tree
\ e mm em e e e e
& type_douleur in D]
‘ # depression <5, 5000
\ I » vaisseau in [[1,B,C] then cosur = presence (73,33 % of 3 examples) I
= vaisseau in [4] then coeur = absence (73,45 ¥ of 19 examples)
~ — o ) & depression==5,6000 then cosur = presence (90,91 % of 55 examples) I
I » type_douleur in [C,B,4] then cosur = absence (78,02 % of 53 examples)
- I IS I I IS I S S S e e .
Computation time @ 16 ms.
Created at 22702 /2006 21:06: 65 Iy
Components
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Feature selection Regreszian Factorial anabysis PLS Clustering
Spv learning Meta-zpy learning Spw learning assessment Scoring Association
."!x Binary logistic regression &'C-RT ‘ENE Decision List ]‘-_; H-MN h‘,-xLog-Reg TH
ESRR] [z c-sve Exsllve [ Linear discriminant analysis 2= ihultilayer
< I 3

1 TANAGRA uses a textual representation, if you want a graphical representation, you can try the SIPINA

software from the same author (http://eric.univ-lyon2.fr/~ricco/sipina.html).
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Cross-validation

We want to compute the error rate with a cross-validation resampling method. We add the
CROSS-VALIDATION component from the SPV LEARNING ASSESMENT tab. We set the

number of folds to 10, and the number of repetition to 1.

{7 TANAGRA 1.4.4 - [Supervised Learning 1 (C-RT)] CEX
EFiIe Diagram Component  Window  Help - 8 x

I =

Default title

= Dataset (heart.txt)
Bf:i Define status 1

E||1| Supervised Learning 1 (C-RT) Parameters =
Parameters. ..
Murmber of repetitions :

Execute

View MNumber of folds :

1
]
1 Save results
‘\ [ 5ave error rate to file
A ID:ITemplEerexperiments_resultsﬂ
Y
N
Data visualization \| Statistics | Monpa
q ~ q
Feature construction | ~ Feature selection |
= ~,
PLS | Chustering | [ QK ” Cancel ” Help ]
~
II Spv learning assessment l Scorng ™ ~ - | hssociation |
— s mas e ~ -
E?EBias-var‘iance decomposition E?EBootstrap ~ K E?ECross-\taHdation D H?HTest H?HTrair
< il | >

The estimated error rate is 24.81%

Cross-validation parameters
Folds 10

Trials 1

CV error rate

Range
MM 0.24581
MAX 02481

Trial Err rate
1 0.2451

Overall cross-validation error rate

Values prediction Confusion matrix
| Value  Recall 1-Precision ---
presence 016350 0.2265 presence
absence 0.5533 0.2601 |absence % 125 150
sum 57 173 270
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Building a decision tree with ORANGE

When we execute ORANGE, we have the following interface.
T B Components : EEx
Tool pfle'r‘res Data Mining tools
D& &
Data IE\as‘sm

isuslize | Associate | Hther
x e (FEY
=
Il
I B Schemal -E

<« Workspace

Importing the dataset
ORANGE can handle text file format (tabulation separator). When we select the tool, a new
component is inserted in the diagram. We can select the file with the OPEN contextual menu.

&= Ot Orange Canvas

File ©Options Window Help

08 &

Clazzify | Ewaluate |V|sua|\ze |Assoclate I Other I

Data
=) =)

‘ Schema 1

Bl 0 File S[=1E3
— Data File
"> I heart. bt @

open 2
Rename F2
Remove Del
— Info
270 examples, 12 attributes, 0 meta attributes,
Classification; Discrete class with 2 values.

— Reload

Reload File | ™ Fieset domain at nest reload
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Learning process
By default, the target attribute is the last column; the others are the input attributes. We have

the right configuration in our dataset.

We can add the classification tree component (CLASSIFY tab) in our diagram. We connect

this component with the dataset component.

2 Ot Orange Canvas

Flle Options Window Help
D& & @
Data ICIassif}' Evaluate IVisuaIize IAssociate I Other I

I B ERREEEmEE

‘ Schema 1

' Clazsification Tree

Decision tree visualization

We can display the tree in a text viewer, it is recommended if we have numerous nodes in
the tree; there is also a graphical viewer that is more pleasant (CLASSIFICATION TREE
VIEWER 2D - CLASSIFY tab). We connect the CLASSIFICATION TREE component to this
last one. We click on the OPEN menu in order to display the tree. There are 10 rules (leaves)

in our tree.
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t Orange Canyas

File Options Window Help

B Schemal

File

Clazsification Tre

/D

Classification Tree

General ITrEE | Node |

—Zoom

Bename F2

I~ Vertical Spacing

Remove  Del
To

i~ Horizontal Spacing

1

¥ Node Bubbles
W Truncate Test To Fit Marging

— Tree Size Info
Nurnber of nodes: 15

Humber of leaves: 10

Cross-validation

Center Root
Center Selected Hode

Save ds

-_ o

The TEST LEARNERS component (EVALUATE tab) enables to compute the cross-validation

error rate estimate. We connect to this new component the classification tree.

2 Qt Orange Canvas - [Schema 1]

D File ©ptions ‘Window Help

18] x]

D& %

Evaluate

Data | Classify

II Yisualize | Agsociate | Other |

-
= -

4

I—/I

Clagsification Tree Viewer 2D

Classification Tree

g
o) ]

~ Y TestLeamers

ol

A

This component becomes operational when we will have specified the data source and the

training method -- it is possible to connect simultaneously several learning methods, which
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makes it possible to realize, very easily, the comparison of performances. We thus carry out

the right connections, and then we display the results using the OPEN menu.

BH Qt Tect | aarnare

Evaluation Results
Classifier [ca  [Sens [Spec [AUC |15
1 [assification Tres | 07556 06833 06133 n76eq €

pling

(¢ Cross Yalidation D

MNumber of Folds:
1 3

Test Leamers

" Negave-UneDut
" Random Sampling
Repeat Train/Test:
1 =i
Relative Training Set Size:

oz

" Testaon Train Data

" Teston Test Data

Apply

Statistics

¥ Classilication Accuracy
v Sensitivity

v Specificity

v #rea Under ROC Curve
¥ Information Score

v Brier Score : j

The classification accuracy is 75.56%; the error rate is 24.44%. Other statistics are available.

We can also interactively choose another resampling method.

Building a decision tree with WEKA
A dialog box appears when we execute WEKA; we choose the KNOWLEDGE FLOW

paradigm. We have used the 3.5.1 version.

£ Weka KnowledgeFlow Environment

i Weka GUI Cho.... [T |[E)[X]

"—l | DataSources | patasirks | Fiters | cissifiers | Glusterers | assaciations | Evatustion | visuaiization | [
Waikato Environmert far _ s
Knowledge Analysis [E' s = L = = = L
@ = g H i " < " Lt H L [}
e cas =3 Davabars Serislized
Loader Leater Leadsz Loader Instancesleader
() 1999 - 2005 < 3
University of Waikato Knawledge Flow Layout
hlesn Zealaned ¥
-Gl i 7
Simple LI | Esplorer y 7 . | 5 v
Experimenter
i Arifyiswver Log Welcome to the Weka Knovwledge Flow ‘ Log

Importing the dataset

The CSV LOADER enables to handle text file format. We select the HEART.TXT dataset with
the CONFIGURE contextual menu.
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£ Weka Knowledgeflow Environment
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Learning process

By default, the target attribute is the last column; the others are the input attributes. We have
the right configuration in our dataset. On the other hand, we must explicitly select the
learning set in the WEKA diagram. We add the TRAINING SET MAKER (EVALUATION
tab) in the diagram; all examples are used for the construction of the decision tree. We choose

the DATASET connection when we connect the LOADER component to this last component

£ Weka KnowledgeFlow Environment
m DataSources || DiataSinks || Fiters ” Classifiers H Clusterers H Assoclaﬂon! Evaluation | \Iflsuahzatlon ‘
[EI = Haluaﬂo..
/ a
: ri‘—|., ==Y b =Y ;
al ‘ 1 ‘ ﬁ = - wF 73
.| Training Tezuoon TP i Won TrainTest Class Classifalue Classifiez Inczemental Clustere
: Secl“[ake: /  Maker ToldMaker ‘.Jplguaku assigner Ficker FerformanceEvaluater ClassifierEvaluator PerformanceEw
<> N >
rKhowledge Flow Layaut ]
b -
yes, 8
‘ no, 3
=z3 TTT———— _ dataSet
= Edt A
— Delete 1 o |
Configure. ..
Training
Connections SetMaker
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instance D
Actions
Start loading
v
< ¥
Statu
’V\Nelcoma ta the Weka Knowledge Flow ‘ Lay
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We add the J48 component (decision tree algorithm such as C4.5, CLASSIFIERS tab). We set
the connection between TRAINING SET MAKER and J48 (training set connection).

Decision tree visualization

£ Weka KnowledgeFlow Environment
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We have two representations in WEKA: a textual representation, suggested when we have a
lot of nodes in the tree; a graphical representation that is more pleasant. We select this last
one (GRAPH VIEWER - VISUALIZATION tab) and use the GRAPH connection.

£ Weka KnowledgeF low Environment |ZHE”' |
|—Q1 Dstasources | Datasinks | Fiters | Classifiers | Clusterers | Azsncistions | Eva\uaﬂon'ViSUﬁﬁZﬁﬁDﬂ L | 3 |
v == = =
3 n
E r / 2
: ey . & o \ 4!_"%'
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: Data Scatner Atz ibute Model Text \ Graph ) Sexip
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Khowledge Flow Layout ‘\
\ ~
\
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N
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< b3
Statu:
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In order to start the execution, we select the first node of the diagram and click on the START

LOADING contextual menu.
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When the computation is achieved, we can select the last component (GRAPH VIEWER) and
click on the SHOW GRAPH menu.

= Weka KnowledgeFlow Environment

F?ée DataSources | DataSinks | Fiters | Classifiers | Clusterers | Associations | Eva\uaﬁonl “isualization
HEI : [ Wisuglization
s D&y | r. 1
al & | ® | @] & | &
Data Scatter Attributs Modal Text
i Vizualizez PlotMatzin Sunmazizer PerformanceChazt Viewer
< >
i Knowdedge Flowe Layout
~
|yes. 8 =
no, 3
o data?
sl 4 zap 4?2 i
ot 1
bea=e Dilete T b
) R cit
Configure. .. Delete
Connections Actions
dataget .
instance
Actions
L]
rs 1 b3
Statu
’V oK ‘ Log

The decision tree has 18 leaves.

2 Weka Classifier Tree Visualizer: 09:34:25 - Set 1 (heart.txt) J48

Cross validation

WEKA has at one’s disposal sophisticated error rate estimation but needs to create a new

sequence of components to do that.
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£ Weka KnowledgeFlow Environment
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__________________ P 7’

We need to the following components:

e CROSS VALIDATION FOLD MAKER (EVALUATION), which builds folds (DATASET
connection).

¢ Decision tree J48 component (CLASSIFY); be careful, we have to set the same parameters
as the precedent J48 component. We must connect twice the CROSS VALIDATION
FOLD MAKER to this component, for the training and the test sets.

e CLASSIFIER PERFORMANCE EVALUATOR (EVALUATION) computes the error rate
in each fold. We use the BATCH CLASSIFIER output of J48.

e Last, the TEXT VIEWER component displays the results.

One again, we select the START LOADING of the CSV LOADER component in order to start
the execution. The SHOW RESULTS menu of TEXT VIEWER displays the following results.
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Result list Text

WERIREERREE] | === Ewaluation result ===

Gcheme: J43
Relation: heart.txt

Correctly Classified Instances
Incorrectly Classified Instances
Eappa statistic

Mean absolute error

Foot mean squared error

Relative absolute error

Foot relatiwve soquared error
Total Humber of Instances

=== Detailed Accuracy By Class ===

=== Confusion Matrix ===

a b <-- classified as
53 37 | a = presence
35 115 | b = abszence

TP Rate FP Rate Precision Recall
0.692 0.233 0.703 0.692
0.767 0.308 0.757 0.767

L4591
L3254
. 454
L8361 %
L4088 %

F-Heasure

0.697
0.762

o

-

ROC Area Class

The computed error rate is 26.67%. Other statistics are available.

Let us note a very useful characteristic of WEKA; it is possible to visualize the 10 decision

trees computed during the cross validation process. It would be necessary for that to connect

a component TEXT VIEWER at the output of the J48 component, we can see the possible

differences between the trees and judge the stability of computations.

Conclusion

Cross-validation is a very popular method of error rate estimation, especially when we have
a few examples in our dataset. We see in this tutorial that ORANGE, TANAGRA and WEKA,

can handle easily this process.
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