Didacticiel - Etudes de cas R.R.

1 Subject

Using cross-validation for the performance evaluation of decision trees with R, KNIME
and RAPIDMINER.

This paper takes one of our old study on the implementation of cross-validation for assessing the
performance of decision trees. We were compared the procedure to follow for Tanagra, Orange and
Wekal. In this tutorial, we describe the utilization of other tools: R 2.7.2 (http://www.r-project.org/),
Knime 1.3.51 (http://www.knime.org/) and RapidMiner Community Edition (http://rapid-
i.com/content/blogcategory/38/69/).

The objectives and the steps are the same. The reader can see our previous tutorial if asked for
details on these elements. We use the HEART.TXT dataset (UCI IRVINE, http://archive.ics.uci.edu/ml/
datasets/Heart+Disease). We want to predict the occurrence of heart diseases. We have 12
predictors and 270 instances.

2 Decision tree + Cross-validation with R (package rpart)

Loading the rpart library. We want to use the rpart procedure from the rpart package. So we
need to install it, then we use the following command.

Hoharger 12 bikliothegue rpart
libhraryvi(rpart])

Data file importation. We import the dataset? in a data frame (donnees). We compute some
descriptive statistics in order to check the dataset.

Heharger les données

setwd ("D:/Datalining/Databases for mining/comparison TOW vwalidation croises™)
donnees <- read.table(file="heart.t=xt",dec="." header=TRUE)

surmrar vidonnees)h

age Sexe type_douleur pression cholester
Min. 129.00 feminin : 87 Ay zZ0 Hin. r 94,0 Hin. 1126.0
1=t Qu.:45.00 masculin: 183 BE: 42 1=t Qu.:120.0 1=zt Qu.:213.0
Median :55.00 (oIS HMedian :130.0 Hedian :245.0
Mean 154,45 D:il1z9 Mean 1131.3 Mean 1249.7
Jrd Qu.:61.00 Frd Ou.:140.0 Jrd Qu.:280.0
Max. $77.00 Max. r200.0 Max. 1564.0
Sucre electro Laux_mwax angine depression pic
L2330 Ail31 Min. : 71.0 non: 151 Min. 0.0 Min. 11.000
E: 40 B: 2 st Qu.:133.0 oui: 59 1=t Qu.: 0.0 1st Qu.:1.000
21137 HMedian :153.5 Median : 5.0 Median :2.000
Hean 1149.7 Hean 110.5 Hean 11.5585
Jrd Ou.:166.0 3rd Qu.:16.0 Jrd Qu.:2.000
Max. r202.0 Max. 16z2.0 Max. 13.000
walsseau coeur
A:160 ahsence 1150
E: 58 presence: 120
i 33
Db: 19

! See http://eric.univ-lyon2.fr/~ricco/tanagra/fichiers/en_Tanagra TOW_Decision_Tree.pdf

2 The following URL includes the source code for R, http://eric.univ-lyon2.fr/~ricco/tanagra/fichiers/heart.zip
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We note, among other things, that the class attribute COEUR has two values (presence and
absence), with respectively 150 and 120 examples. There are 270 examples in total. On a small file,
partitioning the dataset in learning and test samples is not a good idea. We must use the re-
sampling methods in order to evaluate the classifier performances.

Induction of the decision tree on the whole dataset. In a first step, we induce the tree
on the whole dataset with the rpart(.) command. We use the default parameters.

Hoonstruire et imprimer 1'arbre calculeé sur la totalité des individus
arbre.full <- rpart(cosur ~ ., data = donnees, method = "olass'™)
print{arbre.full}

1) root 270 120 asbs=ence (0.55555556 0.34444444)
2) type_douleur=4,E,C 141 29 ghsence (0.79432624 0.20567376)
4) depression< 19.5 125 19 absence (0.54300000 0O.15200000)
8) age< 55.5 76 5 asbsence (0.93421053 0.06573947) %
9) agex>=55.5 49 14 asbsence ([(0.71428571 0.28571429)
15) cholester< 245.5 21 1 sbh=ence (0.95235095 0.04761905)
19) cholester>=zZ245.5 25 13 shsence (0.53571429 0.46428571)
38) sexe=feminin 16 2 aghsence (0.57500000 O.1z2500000) *
38) gexe=masculin 12 1 presence (0.05333333 0.91666667) F
5] depression>=12.5 16 o presence [(0.37500000 0.62500000) *
3] type_douleur=D 129 35 presence (0.22457364 0.7054Z636)
6] waisseau=4 61 28 ghsence (0.54093361 0.45901639)
12) depression< 7 30 7 ahsence ([(0.7666666RT 0.23333333) *
131 depression>=7 31 10 presence [(0.32258065 0.67741935)
20) angine=non 12 4 ghsence [0,0606060606067 0,33333333) *
Z27) angine=oui 19 2 presence (0.10526316 0.59473654) +
71l waisseau=B,C,D &8 5 presence (0.07352941 0.92647059) *

Resubstitution error rate. In order to obtain the resubstitution error rate i.e. the error rate
computed on the learning sample, we calculate the prediction column (pred). Then, we get the
confusion matrix and the subsequent error rate.

#matrice de confusion et erreur en resubstitution

pred <- predictiarbre.full, newdata = donnees, type = "olass™)
me <— table(donneesicoesur, pred) #matrice de confusion

print (mc)

err.resub <- 1.0 - (mc[l,1]+mc[2,2] ) sumims)

print (err.resub)

> print (me)

pred
shsSence pressnce
albhsence 1536 14
presence 19 101
> err.resub <— 1.0 — (mo[l,1]+wc[2,2]) /swo(me)

> print (err.resub)
[1] O.1izzzzz:z

The resubstitution error rate is 12.22%. We know that this indicator is biased; it underestimates the
true error rate.

Cross validation. Cross validation is a resampling approach which enables to obtain a more
honest error rate estimate of the tree computed on the whole dataset. It is almost available on all
the data mining software. With R, we must to program the method, but it is rather simple.
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Basically, the cross validation consists to randomly split the data in K folds. We reiterate the
following process, by turning the sub-samples: learning the model on (K-1) folds, computing the
error rate on the fold number K. The error rate in cross-validation is the mean of these error rates
collected. It is a better estimator of the classifier performance than the resubstitution error rate.

From this description, we transcribe the operations in R. We create randomly a column indicating
the individuals belonging to the folds.

Foéterminer le numéro de bloc de chague indiridua

n <— nrov{donnees) #nombre d'observations

K <- 10 # pour 10-wvalidation croisée

taille <- n%/3K #déterminer 12 taille de ckague kloc

set.seed (5] #Hpour obtenir 12 méme séguence tout le temps

alea <- runifin) #Hgenerer une colonne de rvaleurs aléatoires

rang <- rankialea) #Hassocier 3 chague individu un rang

bloo <- (rang-1)%/%taille + 1 # assccier & chague individu un numéro de bloc
bloc <- asz.factoribhloc) #Ftransformer en factor

print (summary (bloc) ) #Fimpression de contrdle

We observe that we have the same number of examples in each fold.

> print (summary(bloc) )] #impression de contrdle
1 = 3 4 1=} =] 7 = 2 10
27 27 27 27 27 27 27 27 =27 27

We can repeat now the learning process and the test process. We collect each error rate in a
vector.

#lancer la wvalidation croizée
all.err <- numeric (0]
for (k in 1:E){
#apprendre le modéle sur tous les individus sauf le bloc k
arkhre <- rparticoeur ~., data = donhees[bloc!=k,], method = "class")
#apprliguer le modéle sur le bloc numéro X
pred <- predict (arbre, newvdata=donnees[hloc==k,], type = "colass™)
fimatrice de confusion
mz <— table (donneesicosur [bloc==k],pred)
#Etaux dferreur
err - 1.0 - (mc[l,1]+mc[2,2]) /2w (me)
foonserver
all.err <- rbhindi{all.err,err)

#recteur des erreurs recueillies
printiall.err)

We obtain the following vector.
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> #vecteur des erreurs recusillies
> print(all.err)

[.1]
err 0.Z962963
err 0.ZE2222ZZ22
err 0.1451451
err 0.1451451
err 0.1851852
err 0.135185Z
err 0.Z2962963
err 0.3333333
err 0.1111111
err 0.1551852

Figure 1 - Test error rate for each fold

Because we have the same number of examples in each fold, we can compute unweighted mean.
This is the cross validation error rate estimation.

Ferreur en wvalidation croisée

Hon peut =e contenter d'une movenne non pondérde puisgue les blocs sont
#de taille identigue

Err.cwv <— mean(all.err)

print(err.cwv)

> print(err.cw)
[1] D.=2111111

The cross validation error rate of the rpart(.) method on the HEART dataset is 21.11%.

3 Decision tree + Cross validation with KNIME

New workflow and data importation. In order to create a workflow, we click on the FILE /
NEW menu. We specify a new project named “Validation Croisée - HEART".

KNIME

Edit

Wiew - Seatch

Select a wizard =
This wizard creates a new KMIME workflow project., |
i New KNIME Project Wizard
Switch Workspace...
Create a new Knime workflow praject.
Preferences. ..
Update KNIME. .. i Mame of the project to create: | Yalidation croisée - HEART
’ == General
Bt ¥ File
T ] =
=) %;"Read [ Folder
= . 1 Project
Kif ARFF Re
| =+ Filz Read
P,‘if Model Red ¢
3 Table Re A
4B write
1= Artificial Datsy
@ Cache
[l Database
% Data Manipulation @ ;
A ki =
=

zimararm |
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We import the HEART.TXT data file with the FILE READER component. Using the CONFIGURE menu,
we select the data file.

KNIME

=
File Edit Wiew Mode  Search Help B Dialog - File Reader (#1)

Ti-H@ & e | @ [[1o0% v

A\ workflow Projects 52 | S O *Yalidation croisée - HEART X Settings | General ode Sektings

=13
CEX

Enker ASCII data file location: {press ‘Enter’ to update preview)

A\ Mode Repositary  £2 =0

———n
File Reader
. walid LIRL: i)atabasasjnr,mining)’comparison,TOWJ‘va\il:lationfcroisea,l’haart.txl ~ | E
| w | + I~ ﬁ Configure Basic Settings
[Jread row IDs Colurn delimiter: |<tab> [ Advanced... ]
]
@ read column headers ignore spaces and kabs
m
By I0 S Mode 1 [[] Java-style comments  Single line comment: I:I
=-ZiP Read
»

B ARFF Reader
| =+ File Reader Mode name and descr Preview

M'J.;E Model Feader

Click column header to change column properties (* = name/type user settings)

Cuk
'2) Table Reader D'icopv Row 1D T aoe S sexe S typed.. | I pression | I
B write = Rowl 7o mascuin B 130 322 4
1= Artificial Data Rowz 67 feminin c 115 =
£l cache B < Undo Row3 5(7 mascul:n ] 124 221‘_'
] Database
3 Data Manipulation ¥ Delete
'\ E)_at_ﬁ f;'.iews v El console | P ]
Daka Oukport @ File T [ oK ] [ apply ] [ Cancel ]

A part of the dataset appears in a grid. We validate. The EXECUTE menu enables us to finalize the
data importation.

Induction of the tree on the whole dataset. We use the DECISION TREE LEARNER
component. We make a connexion with the FILE READER component. We click on the EXECUTE AND
OPEN VIEW menu for enabling the learning phase.

EA KNIME

File Edit View Mode Search Help
C-B® A g [ V| BEDOOO0 E -

A\ warkflaw Projects 2 g B

A\ Mode Repository 52 =08 . Decision i
- File Reader  Tree Learner
- = i) |:| [root]: class 'absence’ (150 of 270)
| : (e |
El @D[depression <= 16]: class 'absence’' (136 of 203)
Mode 1 Mode 2 :
X statistics ~ . . .
=@ Mini = @D[valsseau =D]: class 'presence’ (7 of 9)
ining
= Association Rules
= Baves @ |:| [waisseau = A]: class "absence’ (110 af 135)

1= Clustering
1=F Rule Induction
1= Meural Netwark

B [')Eusmn Tree = (P |:| [waisseau = C]: class ‘presence’ (10 of 15)
r1° Decision Tree Learnet

f,:_—\‘ |:| [waisseau = B]: class 'presence’ (25 of 44)

ﬁ' Decision Tree Predictor .
1= Misc Classifiers | @D[depressmn = 16]: class ‘presence’ (53 of 67}

4 || || Bl Consale Progress = 5

45Mof s4n| |

By default, Knime use the last column as the class attribute. This choice is right for our dataset. We
can modify this default selection with the CONFIGURE menu.

Resubstitution error rate. We apply the classifier to the learning set. We use the DECISION
TREE PREDICTOR. The SCORER component computes the confusion matrix and the error rate.
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KNIME

File Edit Yiew Mode Search Help
BB iQ 8§ 0w E=2006004& -
[& wWorkFlow Projects 23 l g El] A\ *validation croisée - HEART 52 l =0
EN riode R =0 Decision
Tree Learner
=
o b Decision Tree
i Predictor Scorer
File Reader
& =3
- Miode
H- 1= Misc Classifiers ~
=9 =9
=3 Mode 3 Node 4
i Mode 1
BI& Scoring
~|E7 Enrichment: Plotter
'ﬁ Enkropy Scorer
ROC Curve
R
E_J---'il{” Meta -
-5 Misc b
P | IE CDnsoIelProgress| Bl HE-r5-7 El
| 3EMof 4aF i}

The resubstitution error rate is 12.593%.

Scorer (#4) - Confusion Matrix

File Hilite

coeur \ Pr... | presence absence
presence 107 13
ahsence 21 129

Correct classified: 236 ‘rong classified: 34

Aocuracys 37,407 %%

Error: 12,593 %

Cross validation error rate. In order to implement the cross validation, Knime defines the
meta-node concept. It contains a pre-defined sequence of components.

KNIME
File Edit ‘“iew - Search HMode Help
M-HBR ¥ B8 it D foe M B =DOBEO A (-
[& WorkFlow Projecks ©5 ] & 8 ] =B
. PN
A\ Mode Repositary F2 =8 Decision
Tree Learner
=
e Decision Tree
| > | Predictor Scorer
File Reader
il =g
. Mode
- £ statistics ~
B Mining | GaLs)|  Gats)|
=% Mata [?] Mode 3 Mode 4
: Cross validation ode 1 Cross validation
& Metalode 0:1
B metanode 1:1
B MataNode 1:2 L)
A Metalaode 2:1 Mods 5 B
i B MetaNode 2:2 Z
o O The Looper D =
BT Misc v IE ConsolelF‘rogress| Rl B-r5-20
3 § 23M qf 45M
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With the CONFIGURE menu, we define: the class attribute (CCEUR) and the number of folds (10).

Dialog - Cross validation (#5) |Z||E|g|
File

Standard settings | General Mode Settings

Mumnber of validations
Random sampling
Leave-ang-ouk D

Column with class labels S coeur -

o I J|

Apply Cancel ]

To complete the internal components of the meta node, we click on the menu OPEN META -
WORKFLOW EDITOR. A new WORKFLOW EDITOR appears. By analogy with the resubstitution

evaluation of classifier, we supplement the meta node with the learning method (DECISION TREE
LEARNER) and the predictor (DECISION TREE PREDICTOR).

EN KNIME

File Edit View MNode Search Help

: Ch - L © YL e v @ = @@@@@wiiﬁ-
& Waorkflow Projects &3 & 8 & Validation croisée - HEART =0
& Mode Repository &2 =08 Decision Meta Data
=~ Tree Learner Output Node
| hd B . D@
Meta Data Decision Tree /
, Data Views ~ Input Node  ¥-Partitioner Node 1 redictor Aggregator Dataor ,
E Statistics
= AL
=@ Mining Meta Data
1= Association Rules , , Output Node
1= Bayes External data., Node 9 @9 @ 7
1= Clustering Mode 12 Node 10
1= Rule Induction —
1= Meural Metwark @
== Decisian Tree
- B Data collector 1
r1° Decision Tree Learner
ﬁ' Decision Tree Predictor
1= Misc Classifiers ||| B console | Progress 5 Eﬁ ] = =
4amof 53 ([

We return to the original workflow. We can see the results in 2 ways: a table containing the error
rate for each fold; a prediction column that we can compare to the values of the class attribute.

In order to obtain the error rate in each fold, we use the interactive component table. We connect
this one to the preceding component and we click on the EXECUTE AND OPEN VIEW menu.
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CBX

KNIME

File Edit View Search MNode Help
C-EB AT =20866060 & ! -
& Workflow Projects &3 & 0 & Meta-workflow: Node 5 =0
A\ Mode Repository 57 = Decision o
Tree Learner Decision Tree
= Predictor Scorer
| . )
File Reader
2, Data Views »~ < p——
1L Property I interactive Tabl: (#13) - Table Vie... 28X
Biox Plot File Hilite Mavigati fiew  Cukput
ﬁ Conditional Box Plot Interactiv ble|| RowID D Erorin%| I Sizeof ... | I ErrorC...
b Histogram e % fold 0 44,444 27 12
|j]_§1 Histogram (interactive) — fold 1 25,926 27 7
EE Interactive Table __ Fold 2 44,444 27 12
A Line Plat fold 3 40,741 27 11
ode
¥ Parallel Coordinates B Mode 13 fold 4 33,333 27 9
»P' hart fold5 15,519 27 5
2 e fold & 29,63 27 8
w# Pie chart (inkeractive) Fod7 29.63 27 a
[®] rulezDPlotter « ||| Bl console | Progress fold8 14.315 27 4
it = fold 9 22,222 27 3
. iy

We can compare these values with those of R (Figure 1).

To get the overall cross-validation error rate, we use again the SCORER tool. The confusion matrix
is also displayed.

B KNIME
File Edit View Search MNode Help
HTHBIA i iU v BEEDO00O00E ! (B
A\ workflow Projects £2 g O i HEART X [N e e = .0
= . CoOeUr |\ pr...  presence absence

Ellccepanao gl ?f::asll_zr;rner p |Presence 73 [ |

= absence |41 [102 |
| v P — Carrect dassified; 185 Wrong classified; 82

File Reader Accuracy: 69,63 % Error: 30,37 %
T=* Meural Mebwork ~ lode 3 Scorer

== Decisian Tree
™ -
1" Decision Tree Learner
ﬁ Derision Tree Predictor
1= Misc Classifiers

Cross validation e
e

[ Mode 14

= MDs B X Interactive Table
T=F svm

-D_\
[=-1=F Scoring

Mode 5
[E Enrichrent Flother

'ﬁ Entropy Scarer w
[z ROC Curve — tode 13
Dﬁ. Scarer ||| B console | Progress =1 Eﬁ ] = =

zamof4am ([

The cross validation error rate is 30.37%, very different to the resubstitution error rate.

Note: Because they do not use the same induction tree algorithm (not the same parameters also),
it is obvious that we cannot obtain the same cross validation error rate with R and Knime. However,
such a gap (21.11% vs. 30.37%) deserves that attention be given more about the methods actually
programmed. Maybe this will be the subject of an upcoming tutorial.
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4 Decision tree + Cross validation with RAPIDMINER

In contrast to other software, we have to define the whole of trafficking before starting the
calculations with RAPIDMINER. Indeed, at each computation request, it launches calculations on all

components. It is not possible to request a selective execution of the branch of the diagram.

Another notable difference, the cross-validation with RapidMiner generates directly the tree

computed on the whole dataset. It is not necessary to make this calculation separately.

Diagram creation and data importation. We create a new project by clicking on the FILE /
NEW menu. We add a CSV EXAMPLE SOURCE at the root of the project. We specify the file name,

the class attribute (LABEL_NAME) and the column separator.

A RapidMiner @ FUJITSU (validation croisee.xml)

File Edit Wiew Process Tools Help

PMOBER S5 O NN
=3 Operator Tree
o == Root

® Process

- @ P

[ Parameters

bPB ¥ 4

ML || 2 comment

‘@ Mew Operatar

w @

filename
read_attribute_names
label_name
label_calumn
id_name

id_column
weight_narne
weight_calumn
sample_ratio
sample_size

datamanagement

column_separators

[Jmparison_TO\M\raIidation_croiseelheaﬂ.bdﬁn
coeur &

0

1.0

1

[double_array b

u&

Mov 5, 2008 10:03:18 PM: [Error] Parameter filename'is not set and has no defaultvalue.

10:058:59 PM

Cross validation. We insert the cross-validation component (XVALIDATION). We set the
parameters: we ask the computation of the tree on the whole dataset (CREATE COMPLETE MODEL);
we ask a random sampling during the partitioning in folds of the dataset for cross validation
(SAMPLING TYPE = SHUFFLED SAMPLING).
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3 RapidMiner@FUJITSU (validation croisee. xmi*) =13

File Edit Yiew Process Tools Help

Ridds o =« pE ¥ & [ g

=2 Operatar Tree 3 Parameters | =] XML Comment || @ New Operatar
g -c Root keep_example_set |:|
Frocess
create_complete_model @

; CEVExampleSaurce
CSWExampleSource average_performances_only

leave_one_out O
number_of_validations 10

sampling_tvpe shuffled sampling @ ']
local_random_seed -1

Mow s, 2008 10:03:18 PM: [Error] Farameter filename'is not set and has no defaultvalue.

'S 10:14:41 P

In this branch XVALIDATION, we must insert the learning tool (DECISION TREE) and the sequence
"learning and test classifier". The diagram is as follows. We select the error rate as indicator of the
classification performance.

3 RapidMiner@FUJITSU (validation croisee.xml) CEX
File Edit “iew Process Tools Help
AP = W s s 3 @ <l
Ro@EESs o «“ =% pE ¥ & w7
=3 Operator Tree 2 Parameters | =) XML Cornment | @ New Operator
= _c Root keep_example_set O 2]
Frocess
main_citerion “ﬂrst ] v]
CESvVExampleSource
CEVExampleSource Accuracy I:‘
o ‘.Zj }(Val.idaFiDn classification_error @
xfalidation
kappa O
) DecisionTres
¥ DecisionTree weighted_mean_recall O
B =3 OperatorChain weighted_mean_precision O
OperatorChain
spearman_rho
) hodelApplier P - D
& Modelappliar kendall_tau O
absolute_errar O
relative_error | o
Mov 5, 2008 10:03:18 PM: [Error] Farameter filename' is not set and has no default value
($] 10:18:28 PM

Execution of the diagram. We can start the calculations by clicking on the PLAY button in the
tool bar. RAPIDMINER gathers the results in a new window with tabs. The first available result is the
confusion matrix and the cross validation estimation of the error rate. We have 27.41%.
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3 RapidMiner@FUJITSU (validation croisee.xml) =13

Eile Edit “iew Process Tools Help

NUBRS oy =a®p PE ¥

¥ PerformanceVector | 'y Decision Tree

&2
-s“_g;lt

Criterion Salector (@) Table view () Plotview

ion_grrar

classification_error: 27.41% +\- 7.26% (mikro: 27.41%)

true presence true absence class precision
pred. presence 7T M T1.30%
pred. ahsence 43 1149 T346%
class recall 64,17 % 79.33%
| | | | age =64 ahsence {presence=0, absence=3} =

type_dauleur=A
| chaolester == 228.500: absence {presence=0, absence=7}
| chalester = 228.500
| | pression ==139: presence {presence=3, ahsence=0}
| | pression=128
| | | depression == 5 presence {presence=2, absence=1}
| | | depression =9 absence{presence=0, ahsence=7}
{created by DecisionTree)
Moy &, 2008 10:20:10 PM: [MOTE] Frocess finished successiully =

O 10:21:46 Ph

In the DECISION TREE tab, we observe the computed tree on the whole dataset.

+} RapidMiner@FUJITSU (validation croisee.xml)

File Edit ‘iew Process Tools Help
I ey . ¥ o b . v 2 Y B
RU@EEs o @& a @ s @ ®
% Performanceyector « Decision Tree
(@) Graph View () Tex View
Zoam
type_douleur
@ =@
w5 o
® 2 I3 =D ]
vaisseau taux_maz
Mode =5 -c =A =0 S B0 = 120500
E:H b ﬁ sexe taux_max e cholester I
3 — .
\J = masoulin eminin == 147 =147 =225 <= 225
HIESENEE age depression age age ELEEIEE
I —
Tree = @i B1500 =7 =7 = 41500 <= 41500 <= 53500= 54.500
absence presence absence e e presence absence =
Mode Labe [ e [~ ]
=115 =115 =13 <= 13 == 34 = B4
Edge Labe presence absence age cholester presence absence
v — — —
== &8 > 48 > 272500 == 272500
type_douleur=A "~
| cholester == 228.500: ahsence {presence=0, absence=7}
| cholester = 228.500
| | pression ==138; presence {presence=3, absence=0}
| | pression=139
| | | depression==25:presence {presence=2, ahsence=1}
| | | depression=5:ahsence {presence=0, absence=7}
(created by DecisionTree)
Moy a, 2008 10:20:10 PM: [MOTE] Frocess finished successiully
2
O 10:25:15 Pl
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5 Conclusion

In this tutorial, we showed how to implement the cross-validation evaluation process in three
programs: R, KNIME and RAPIDMINER. This document fills up a previous tutorial where we create
the same patterns of treatments with three other programs: TANAGRA, ORANGE and WEKA.
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