Didacticiel - Etudes de cas R.R.

Subject

One of the main advantages of decision trees is the possibility, for the users, to interactively
build the prediction model. In this tutorial, we show how, using SIPINA! and ORANGE, we
build and manually modify a decision tree; especially we select the split attribute and

pruning the tree.

SIPINA is one of my old projects. It was very useful but it had some limitations, which have
been rectified in TANAGRA: it was intended only for supervised learning; we cannot define
and save the sequences of treatments in a diagram. Nevertheless, I use still this version for
my courses, in particular for its functionalities in the interactive construction of decision

trees.

SIPINA uses a graphical representation of the tree; ORANGE uses a standard treeview
components. We will see that they propose very similar functionalities and provide the same

results.

Dataset
We use the IRIS_TREE.TXT dataset (UCI IRVINE). There are 150 examples, 4 descriptors; the

class attribute has 3 values.

We use 75 examples for the learning set, 75 examples for the test set. A new column specifies

the membership of each example.

1 http:/ /eric.univ-lyon2.fr/ ~ricco/sipina.html, research version
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Decision Tree exploration with SIPINA

It is not necessary to define a diagram with SIPINA. We must simply click on several menus

by respecting an order that we point out here.

SIPINA

When we start SIPINA, we obtain the following main window with several panels: the data
grid, the selected attributes, the selected learning method, the learning and test set

subdivision.

Data importation

SIPINA can handle various file formats. We use the text file format in this tutorial? (TAB

separator). We click on the FILE / OPEN menu, a dialog box appears; we choose the right
file format (TXT).

Sipina Research Yersion

FEM Edit Daka  Statiskics  Induckion method  Analwsis Wiew  Window  Help
[R[=
Open... Ed|
Save ~

Save as. ..

Access Foreign databases  #
Subsample management  #

~ o~ EchE

Exit

Mes documents
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Learning method =

MethodM ame=Improved ChalD [Tac A L

MethodClazsM ame=TAbreDecisionl — Mes documents

Hdl=8 .

terge=0.05 L4 gj

5 |:l||t=E| m Foste de travail
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YalusBonferoni=1
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" ha
Samnlinn=/1 - — Favoris igseau Mo du fichier : |irisﬁtrae.txt j Ouwrit
Examples selection Fichiors delype: [ Test fils fomat [ TXT) | Annuder

| £

Improwed ChalD (Tschuprow Goodness of Split)

In the next box, we must select the following information: (1) column separator is TAB; (2)

the first row of the dataset contains the name of attributes.

2 Decimal separator is « . »
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Import text file options [zl
status sep_length |sep_width |pet_length |pet_width
train 7.8 3.8 E.4 z
train 3 z.z 5 1.5
train 6.5 3 5.5 1.8
train 5.7 z.8 4.5 1.3
train 3 2.z 1.z 0.2
train 5.7 3.8 1.7 0.3
o 4 . e .1
train 5.5 z.4 3.8 1.1
train 6.6 2.3 4.6 1.3
Specifications 2 Delimiters 1
CE Fistowsrone o vy QLo
[ First column 15 label of examples " Space
v ¢ Other ’—L|
x Annuler

The dataset is downloaded and showed in the main data grid. The type of each attribute is
defined by the first value of each column (the second row in the file). If this value is numeric,

the type of the attribute will be continuous; if it is alphabetic, the type will be discrete.

Selecting the train and the test set

In order to define the learning set, we click on the ANALYSIS / SELECT ACTIVE
EXAMPLES menu, we select the RULE SELECTION option.

Filter active examples gl

Introduce a numerical value

zep_length |
zep_width
pet_length
pet_width Fick one or several values

type
ﬂ test 3
: Generate propozition .
notin v And " 0Or Walidate. ..
]

Filter method

Al

™ List

" Random zampling
<+ Rule selection

Lizt of examples J FRandaom zampling Rule filter ¢ n] 4 | x Annuler

We have to build the rule that allows defining the learning set: (1) we select the STATUS
attribute; (2) we select the rule proposition; (3) we select the value of STATUS. We confirm
with the VALIDATE button (!). We can count the covered examples (COUNT EXAMPLES
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COVERED contextual menu), we have select 75 observations, and the remaining belongs to
the test set.

Filter active examples

TSN [ | 'toducs arumeicalvalie

zep_length
zep_width <=
pet_length _
pet_width — Pick one or several values
tupe ==
= test
L=

: — Generate propozition )
notin o And o or Validate...

=

" shatus i [traim

Remove Condition
Remove Proposition

Filter rrethod

Count examples covered o Al

= List

¢~ Random sampling
* Fule selection

List of examples I Random sarmpling Fiule filter | «' QK. I x Annuler |

Selecting target and input attributes
We click on ANALYSIS / DEFINE CLASS ATTRIBUTE. We use “drag an drop” in order to

select the TARGET (class attribute) and the INPUT attributes. Of course, we do not use the
STATUS attribute.

Attribute selection

 Wariables

~ Clazz
It_l.Jpe

p_length

L width

— Altributes pel_lengt
pet width

zep_length
zep_width
pet_length
pet_width

= Only discrete
(= Only continuous
¥ Both

o 0K x Anruler |
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Selecting the learning method

We click on the INDUCTION METHOD / STANDARD ALGORITHM menu. A dialog box
appears. We set the C4.5 algorithm [A — Induction Graph tab]; we can modify the default

parameters of the method [B].

Select an induction method

Induction ﬁfaphl Rule Irduction | Neuwslnetwork | Discriinart anslysis | Degision st | Dther |
_| _|

A limited search induction tree algorithm [Catlett - 1951)
D3V [Quinlan - 1986)

(103 [Cheng, Fayyad, Irani & Qiar - 1388]
ASSISTANT 86 [Cestnik, Konanenko & Bratkn - 1586]

rdf |'I]|.1ir-'\l-.3-
Improved 4.5 [Rakotomalala & Lalich - 13999
SIPIMA [Zighed & Rakotomalala - 1996)

Improved ChalD (T schuprow Goodness of Spli) Sampling
Cast sensitive decision tree (Rakotomalala & Chauchat - 2001) A v &l dataset
Cost sensitive C4.5 [Rakotomalala & Chauchat - 2001] ' » SRk
- Size
P " Balanced S
- - " Shatfied 300 %
C45 (Quinlan - 1993) -

x’f-\nnuler

3

C4.5 parameters

C.L. for peszimistic pruning

=
Size of leaves : |2 =

& 0K |

We obtain on the left of the main window a summary of our parameters.

Sipina Research Version

File  Edit

Daka Stakistics

[}

|
Attribute zelection
=-fi% Clazz attribute

Induction method  Analysis

View wWindow  Help

=
Learning set editor

|

MethodClazzM ame=TArbrelecizionC45

1100
Hdl=h = |
Confidence lewel=25 <<
Leaf zsize=2 il
Sampling=0 13
SamplingPart=300 14

E xamples selection

75 examples selected
75 examplez idle

15
16

< <
=

4,5 {Quinlan - 1993)

status zep_lencgth |sep_width  |pet_lencth  |pet_wickh  [type
E type 1 train 740 3.0 £.40 200 IFiz-virinica
- iF Edic“‘*’T a“{i:”‘“ 2 train E.00 220 500 150 Iris-virginica
zep_leng . ol o =] o A
- S TFerget & Input atiribuies
8 pet lenth 5 train 5.00 3.20 1.20 0.20 lris-setosa
W pet_width - - 1
5] train 5.¥0 3.80 1.70 0.30 Iriz-zetoza
7 train G.40 2.0 560 210 Irig-wirginica
Learming method g train 5.50 2.40 3.80 110 Irig-wersicolol
tethod ame=C4.5 [Quinlan - 19593) 9 train .60 240 4 60 1.30 Iriz-wersicolol

Lalhitig hethad:.

train 2.00 3.30 1.40
train 6.50 3.00 5.50
train a.70 3.00 420
train 2.20 270 340

tes

AN =T

‘rain

0.20 Iriz-setosa
210 Irig-wirginica
1.20 Iriz-versicala
1.40 Irig-wersicalol

i1.50 Irig-yersicalol
t-set-,-
Ed

Automatic analysis

In order to build the decision tree with the C4.5 algorithm, we click on the ANALYSIS /

LEARNING menu.
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5ipina Research Version - [Decision graph...] |’._||‘E|E|
2% Induction method  Analysis  Graph management  Wiew  Window  Help - | &8 X
la]
| ~
Aftribute selection =
=iz Clazsz attribute s
E type — 25 (33%) Irig-rirginica
- . 25 (33%) Iris-rersicolor
- F Ed":tw'le att;:uutes 3 FE (333 Triz-zetosa
zep_leng
. peik
sep_width v < 2.50 h\
- 0 (00%) ZE (E0%)
Leaming method .
- u] (00% ) 28 (E0%)
b ethiodM are=C4.5 [Quinlan - 1933)
M ethodClazsM ame=T ArbreD ecizianC45 2% (100%) - 0 (00%)
Hdll=5 P/e*l“'ﬁ’*\ﬁ\
Confidence level=25 < 2.75 »=4.7
Leaf size=2 L (04%) 24 (9Z%)
Sampling=0 23 (96%) z  (08%)
SamplingPart=300 0 (00%) 0 (00%)
Examples zelechon
7h examples zelected
75 examples idle v
<l >
4.5 {Quinlan - 1993) 0

The tree is very simple, 3 rules enable to determine the type of IRIS from its characteristics, it
seems that only variable PET_LENGTH is really relevant.

To evaluate the accuracy of this tree on the test set, we click on the ANALYSIS / TEST menu
and select the INACTIVE EXAMPLES OF DATABASE option. The confusion matrix is

computed; the test error rate is 5.33%.

Sipina Research Version - [Confusion matrix : Test set on NEW. FDM] |Z”E|E|
2 Induction method  Analysis  View Window  Help -0 X

D BBy

—1 %] — lype e e e e e o
.ﬁ.ppl" classifier on ... | - Iriz-virginica|Iriz-versicold Iriz-zetofa \|
- -
Iris-wirginicalZ5 il 1] ~\
Apply on ; ;
. Iris-wersicolaid P2l [}
™ Learning set ) 7
Er -setosa u] n] ZE -
{+ Inactive examples of Databases — -
; ? e e mm mm mm = ==
W OK | X Annuler |

S B

4.5 (Cuinlan - 1933) =

Interactive analysis

Only the PET_LENGTH seems relevant. One can wonder what would be the relevance of the

other variables that could take part in the construction of the tree. We want to interactively
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build the tree and studying the relevance of each candidate attributes when we want to split

a node.

We display the tree by clicking the WINDOW / DECISION GRAPH menu. Initially, we must
prune the tree starting from its root. The operation is simple: we select the first node; with

the contextual menu we click on CUT.

Decision graph... |:| |§| fz|

Decision graph...

25 (33%)
25 (33%)

Iriz-wversicolor

v Level 1, Node 1

25 (33%)

Hriz-zetosa

ZE (33%) Eris—virginica ZE (33%) Iris-wirginica
25 (33%) i o —vraroinalow A B

< 260 - Mode informations. ..
o (00%) =4
u} oo0% =4 "
25 Emoi:_ p | Pltnede. ~
pet|  Seecovered examples... ~ [ S ’7
E Lt Statistics ’
1 (04%)
23 (96%) h Other SIPINA session... —‘
u} (00%) [ Y TooEy
v v
<l > <l 5 .

In the next step, we display the segmentations candidates by clicking on SPLIT NODE in the

contextual menu. A new window appears with all possible splits on the selected node.

Informations on : Level 1, Node 1

Decision graph...
(lass dist Eorle\atioﬂ
I L} L} L} L} L} L} L} —_—
Goodness of spit_|Correlstion |#ccent or Reject I
pet_wicth 1.00000000 0.7071 T
25 (33%) ris—wirginica pet_length 1.00000000 0.707 I I
ZE (33%) ris-vrersicolor sep_length 0.57300919 04763 |
sep_width 0.43514487 0.3143 |

z5 (33%3 v LEVB| 1’ Node 1 L} L] L} — L} L | L} L | L} L}

Mode informations...

cut

Split nade. ..

See covered examples’.

Statistics 3 -

U cpie. — —
Other SIPINA session, ., =06 -° £
_\rls wirginics| I
| ris-versicol 0
ris-setosa |25 I
v I - - . -
Il ¥
75 examples (100.00% of the learming set)

We see that PET_WIDTH and PET_LENGTH have the same “goodness of split” (Gain ratio)
and the same correlation (Tschuprow’s t). In the last column, we observe if the split is

accepted (green) or not (red).

So, in this dataset, SIPINA selects the PET_LENGTH attribute to splitting the first node, but
the PET_WIDTH has the same relevance.
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When we select the PET_WIDTH attribute, we see the cut point used (0.8) if we split the
node with this attribute.

In order to split the node with PET_WIDTH, we double-click the GOODNESS OF SPLIT
value in the grid.

Informations on : Level 1, Node 1 1 ..

§ vl Decision graph...

Class dist.  Cormelations I

Goodness of spit_ |Correlation [&ccept or Reject 25 (33%) Aris-wirginica

et _widih NS S T ] 1 zZ5 (33%) Mris-versicolor

pet_length T odtoonon M A zor I 25 (33%) Mris-setosa

sep_length 057390013 LATES . ™ o

sep_wickh 043614457 02143 T ped

X 3 ] 1 <05 /z.dﬁ? T
" — —) | 0 (00%) ZE (E0%)

a (00%) 25 (EO0%)
zs (1004 ) | o ioons

Surrogate split

= 0,80 ==0.50

Iriz-+virginics| 25

Iriz-versicalid 25

Iriz-setosa [25 ) £

< ¥

75 examples [100.00% of the learming set]

If we split the next node with PET_LENGTH, we obtain the following tree.

Informations on : Level 2, Node 2

IF pet_wictth ==0.50
<
v
v
212 De P = 4 Class dist,  Comelations l
~ll 7
had 3
S Goodness of splt [Correlation [ccept or Reject |
FERFETTY risvirginica o pet_length Derranr  S0x 105485
ZE (334} ris-versicolor ’ pet_wicth 067655209 5190 o )
z5 (33%) ris-setosa ,/ sep_lenath 015828677 [Cllckblon T_nkattr!butedto i surrl_ogate split
pet wi , sep_width 0.00000000 ; Double-click ko introduce new split
< 0.0 =0 s
0 {00%) 25 (50%) ’
0 (00§D ZE (50%) 4
zs oo [ | o0 toow
pet Th
< 4. 75 =4 _7
1 (Dd&} 24 (328}
23 (968} 2 (0B}
o 100%) o (00%)
w Y SO oD m— — — -y
~N _ =475 ==4.75
=1 % I Iriz-virginica| 24 I
Irig-versicoli 23 2 I
I Iris-setosa [0 0
—

A0 examples [66.67% of the leaming zet)

We can compute again the accuracy of this tree on the test set (ANALYSIS / TEST).
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Confusion matrix : Test set on MEW.FDM
type

Iris—virginics‘Iris—versicnla{Iris—setc\sa
u] u]

Iriz-wirginical|zb

izl 0
o o zE

Iriz-wersicolaoid

Iriz—-setosa

INTERACTIVE TREE BUILDER of ORANGE

When we start ORANGE, we have the following interface.
f ool oalorroc M Components :
Tool palettes Data Mining tools

na .L@%
o | sty | Etbiate | VRlalee | pssaciae | diber
5| | =

<« Workspace

L

Data importation
We use the same dataset (IRIS_TREE.TXT). We set the DATA component in the workspace

“ Qt Orange Canvas

File ©ptions ‘Window Help

08 & @

Data [ Classif I Evaluate IVisuaIize |Associate I v

L el

B Schemal

Diata File -~
LI iris_tree. ket L’ )
P4 1o
- 150 examples, 5 attributes, 0 meta attributes.

Clazsification; Discrete class with 3 values.

File

Rename FZ  Reload

Reload File ™ Reset domain at next reload

]

Remove  Del
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Selecting the train set

We want to subdivide the dataset into train and test set. We use the SELECT DATA

component (DATA tab). The utilization of this component is similar to SIPINA.

Q1 Orange Canvas

Fle Qptions Window Help

B Schema1

&5 Qt Select Data

-~ Aurbute Condtion
CAwbue | Operator - Values
hatus equalt test
I sep_length i train
[H <ep_widih is defined
I pet_lenoth
[ pet_width
(D[
I~ HOT
Add || Updsie | Remove | oR MaveUp | bowe Doon_|
- Data Selection Ciiteria
Active | Condition [
1 P75 [statusinuain] |
~Dataln Data Dut Upd:
150 examples 75 examples ¥ Update on any change
E attributes E attibLtes
Update

Interactive analysis

The train set is now selected (75 examples). We set the INTERACTIVE TREE BUILDER
component (CLASSIFY tab) in the diagram. We must specify the nature of the connection
when we connect SELECT DATA to this new component.

-2 O Orange Canvas

File Cptions Window Help

O& &5
Dat*‘_Elasslfy

i Schema 1

File Select Data

M Qt Connect Signals

Evaluate | Wisualize | Associate I Other

|———>||

PEE nE®

{m}

Interactive Tree Builder

Select Data

Interactive Tree Builder

Help

Clear All | QKEW Cancel
2 g
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& Ot Interactive Tree Builder

We click on the OPEN menu. The interactive tree builder tool appears.

Show Data

Claszification Tree

Class

| PiClass) | PiTarget] | #inst | Fiel distr. | abs. dist. |

<]

b ajority clazs

<]

Prabability of majority class

-

Iriz-virginic:

333333 252525

0:0:100 0:0:25

[+ Probability of target class
IV Mumber of instances
lv Felative distribution
[ Absalute distibution
Expand/Shrink to Level
il 5
Tree Size Info
Mo tree.
_ - = -
o . N
Split selection
| pet_length j
N
“Butgft poirt: | 3.7 1
L S
Spli 34 |
Modify Tree
Cut 3;':2]
Build |

IF pet_width >=0.800
THEM type = lris-virginica

We can now interactively build the tree. The CUT option enables to prune a node; the SPLIT

option enables to split a node. Let us note that we can modify the cut point in ORANGE. By

default, it proposes the average of the attribute as the cut point.

In our case, we reproduce the tree that was built with SIPINA; we thus obtain the following

result.
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E Ot Interactive Tree Builder,
Shaow Data

Claszification Tree Clazz | PClazz) | P[T arget) | Hltst | Fel. distr. |Abs. distr.
W Majority class Bl i< aat> Iis-virginica 23 kx| 75 333333 250595
v Probability of majority class r = EBLU\i?tlﬂ EE}TSD% R Fsﬂfg_ﬁn?_ca_ _ %2_ _ _g_g - %g_ _59053580_300_ _2257;222300_
e 2l _|en =4, NE=¥rginca =N L *
I Probabilty of target class : Eet:Iength <4750 owerdodor % 4 24 4080 1230 e
T Bslbay o e iz | _oopetwidthe0B00 lgsetosa 100 __ 0 _ 25 _OO:100 D025

v Relative distribution
[+ Absolute distribution

Ezpand/Shrink to Level
il 5

Tree Size Info
Mo tree.

Split zelection

pet_lznath j
Cut off paint; '4?57
Spit |
|
Modify Tree
Cut |
Build |

Accuracy rate on the test set

We want to compute the accuracy rate of this tree on the test set. We set a TEST LEANERS

component on the diagram. We must connect the tree and the test set on this component.

b Qt Orange Canvas - [Schema 1] = ]I
[ File Options Window Help =& x|

D& @

| L] L]
Data ]Elassify IEEIuate ]Visualize ]Associate ] Other ]

Select Data Interactive Tree Builder

File

Test Leaners

-
4 L3
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R.R.

In the first step, we want to connect the tree. A dialog box appears, it enables us to specify

the right nature of the connection i.e. a LEARNER connection.

& Ot Orange Canvas - [Schema 1]

[ Eile Options Window Help

D& & @

Data | Classity | Evalusle | Visusize | associate | Otver |

B EE =

B

Select Data Interactive Tree Buik}ar

| \4

M Ot Connect Signals

File EH
o)

Test Leamers

Interactive Tree Builder

Test Learners

Help |

Clear &l | 0K I

LCancel |

In the second step, we want to connect the test set to the TEST LEANERS component. We
add a new SELECT DATA component in the diagram, we use this filtering rule: STATUS =

TEST.

Then, we connect SELECT DATA to TEST LEANERS; we must use the SEPARATE TEST SET

connection. We obtain the following diagram.
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“z) Ot Oranpe Canvas - [Schema 1]

D File Options Window Help

 -lalx]

D& &|@

Data | Classify I Ewaluate I\r"isualize I.t‘-\ssociate | Other I

B | e

%]

Select Data Interactive Tree Builder

File

N - - - - >\

Select Data [2] Test Leamers

B Qt Connect Signals

4

Last event: Unhand|

Select Data [2) Test Learners

Help | Clear Al | Ok I

LCancel

We click on the OPEN menu; we set the TEST option to TEST ON TEST DATA. We find the

same results as with SIPINA. This is not surprising, we built identical trees.
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E¥ Qt Test Learners

Sampling Evaluation Hesulti —

" Cross Validation Vie “Classifier ca LI Sem | spec [2uc |15 Birier
Mumber of Folds: ~L | lInteractive Tree Builder | 0.9457] 100000 09200 096000 1.4197 0.0958
10 | T o s

=l

" Leave-One-Out

" Randaom Sarmpling
FRepeat Train/Test:

1 =

=

Fielative Training Set Size:

0%

- _T_n‘ast ot Train Data
- = —=
L * Teston Test Data\/ U

- e o == = D

Apply |

Statistics

v Classification Accuracy
¥ Sengitivit

v Specificity

¥ Area Under ROC Curve
W Infarmation Scare

[+ Brier Score

Conclusion

ORANGE and SIPINA are powerful tools for interactive tree construction.

Of course, some functionality miss compared to commercial packages (sorting attributes
according the goodness of split for ORANGE, modifying the cut point for SIPINA, merging
values for discrete attributes, etc.). But, in the majority of the situations, these tools enable to

obtain very satisfactory results.

Another important information, these tools are free.
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