Didacticiel - Etudes de cas RR.

1 Theme

Comparing the quickness and memory occupation of various free implementation of the C4.5 (or

assimilated) decision tree algorithm on large dataset.

2011/10/29 - The results are updated from a new computer (Q9400 core 2 quad processor) and a new
operating system (Windows 7 - 64 bit) — See section 5.

Dealing with large dataset is one of the most important challenges of the Data Mining. In this context, it is
interesting to analyze and to compare the performances of various free implementations of the learning
methods, especially the computation time and the memory occupation. Most of the programs download all

the dataset into memory. The main bottleneck is the available memory.

In this tutorial, we compare the performance of several implementations of the C4.5 algorithm (Quinlan,

1993) when processing a file containing 500,000 observations and 22 variables.

Our main criteria are memory occupation and computation time. So that everyone can replicate the
experience and compare the results, here are the characteristics of our machine: a Pentium 4 3.8 GHz with 2
GB of RAM. We have measured the performances of our computer using the Lite version of the SISOFTWARE
SANDRA (http://www.sisoftware.net/). We obtain:
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We compare the performances of the following programs in this tutorial.

Software Version URL

KNIME 135 http://www.knime.org/index.html
ORANGE 1.0b2 http://www.ailab.si/orange/

R (package rpart) 2.6.0 http://www.r-project.org/

RAPIDMINER (YALE)

Community Edition

http://rapid-i.com/

SIPINA Research http://eric.univ-lyon2.fr/~ricco/sipina.html
TANAGRA 1.4.27 http://eric.univ-lyon2.fr/~ricco/tanagra/
WEKA 3.5.6 http://www.cs.waikato.ac.nz/ml/weka/

2 The WAVE dataset

Our data file is WAVES500K .ZIP (http://eric.univ-lyon2.fr/~ricco/tanagra/fichiers/wave500k.zip). It is the well-

known artificial dataset described in the CART book (Breiman et al, 1984). We have generated a dataset with

500.000 observations. The class attribute has 3 values, there are 21 continuous predictors.

We deal primarily with ARFF WEKA file format. The majority of data mining software can handle this format.

Otherwise, text file format with tabulation separator will be used.

3 Comparison of performances

£l Gestionnaire des taches de Windows g@gl

Fichier Options  Affichage  Arréter 7

Applications | Processus | performances | Mise en réseau | Utilisateurs

Mom de limage
Tanagra.exe
avgrsy, Bxe
WINWORD,EXE
explorer.exe
AcroRd3Z2.exe
swchost, exe
RTHOCPL.ERE
swchost, exe
spoolsy.exe

W _STL.ESE
rapimgr.exe
swchost, exe
WEESCOMM, BXE
svchast, exe
swchost, exe
C5r55, EXE
CAPPSWELEXE
CAPPSWELEXE
swchost, exe
alg.exe
svchost, exe

[ afficher les processus de bous les utiisateurs

Processus : 39 Ui ubilisge : 2%

Mom de ['utilisateur Pr... Util, mémaire L’
Maisan 0o 45 455 Koe
SHSTEM ] 43 368 Ko

Maison ] 43 208 Ko

Maisan 01 34 456 Ko

Maisan Juli] 29 408 Ko

SYSTEM ] 24 664 Ko

Maisan u] 21 208 Ko

SERWICE LOnZAL ] 7412 Ko

SYSTEM ] S 444 Ko

Maisan u] 5248 Ko

Maisan Juli] 5176 Ko

SYSTEM ] 4 528 Ko

Maisan u] 4 816 Ko

SERWICE RESEAL ] 4416 Ko

SYSTEM ] 4 208 Ko

SYSTEM o1 4196 Ko

SYSTEM ] 3852 Ko

SYSTEM ] 3744 Ko

SERWICE RESEAL ] 3632Ko

SERNWICE LOCAL ] 3552 Ko

SHSTEM ] 3432 Ko W

Charge dédiée : 388 Ma |

Figure 1 - Measuring the memory occupation under Windows OS

We utilize the indications of Windows OS about the memory occupation (Figure 1). We measure the memory

occupation when the program is launched, when the dataset is loaded, during the learning phase, after the

learning phase. The maximum occupation during the learning phase is the most important indicator. This is

the main bottleneck of the whole process.
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About the computation time, some programs provide it. For the other cases, we use a chronograph. Indeed,
we try to obtain only an order of magnitude of the computation time. It is not necessary to measure a very

precise value.

3.1 KNIME

KNIME (Konstanz Information Miner -- http://www.knime.org/) describes the treatments as a succession of

operations, represented by a workflow.

KNIME and the JRE. When we launch the software, the JRE (Java Runtime Environment) is started and the

global memory occupation is 92.6 MB.

KNIME [Z] [E] [g

File Edit Yiew - Search MNode Help
C-EHE A 185§ & 100% |v| g = BN Dialog - ARFF Reader (#1)
Fie
; =5 —
A\ warkflow Projects 53 The bi x sty | e
| H5 ARFF Reader |
& The big wave
E?ﬁ L= % -Enter location of ARFF file:
i Configure velid URL: | Coromse... ]
i 2 Configure
[E] Specify valid file location
MNode 1 Feow 105 are buld from arefix + raw number
A\ Node Repositary 52 =8|l . TR
v
B open §|
| M = Mode name and d — —
gy 10 = Lok n: [ big_dataset_decision_tree 'l v @ eEE
=5 Read i of Cut 7 § i af
B3 ARFF Reader = Copy proe
| =+ File Reader dnrceucr::tnsts
p.‘if Model Reader <‘:,‘ Undo ,T
43 Table Reader
B
B wree ¥ Delete -
= Artificial Data = N
B Cache o= Cutline &3 ]
@ Data Outpart 0: O (G e
@ Database 'a“
B} Data Manipulation s e 5]}!
1, Data Views | FE poede
I Statistics T el
TEE p—
& Mining ‘%
R v < 3 Fllename: | waveS0ok,arff | [ open ]
Faneris1Es2au | Fles of type: | aRFF data fes (% aff) =

We create a new project (FILE / NEW). We add the ARFF READER component into the workflow and we click
on the CONFIGURE menu in order to select the data file. After the loading, the memory occupation becomes
160.4 MB.

We insert the decision tree LEARNER in the workflow, we see on the panel at the right a description of the
method and its parameters. We connect the component ARFF READER, then we click on the menu
CONFIGURE in order to define the parameters.

It is not really the C4.5 method, but it is quite similar. We set the minimum number of examples per node at

1000. We set the number of thread used to 1 in order to make the results comparable. We note that Knime

is the only one software that can use several threads during the induction of the decision tree.
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We launch the calculation by clicking on the EXECUTE AND OPEN VIEW menu. Knime does not give

indications about the tree structure (number of nodes and leaves). The processing time is 270 seconds; the

maximum memory occupation is 245.8 MB during the learning phase.

KNIME

File Edit Wiew = Search MNode Help
Ci-H @ 4 & ¥

A workFlow Prajects 52 =8

& The big wave

Decision
Tree Learner

File  HiLite

QD[mot]: class ' (166,965 of 500,000
- @D[V? «=2.53] class 'C' (151,009 of 251,445)
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) =
A\ Node Repositary  £2 =] \L = QD[ms <= 1.52]: class'&' (3,112 of 5,653
- 4 it ;
| - = QD[\H& = 1.52]: class ‘&' (62,5588 of 122,004)
Node; :
: @D[vs «=1.32]: class 'C' {50,631 of 85,828)
% Drata Manipulation ”~
L, Data Views @D[vs =1.32]: class ' (27,464 of 36,176)
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=F Association Rules
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[=)1=F Decision Tree o=
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It is possible to save the workflow. But, it seems that the software tries to store all the available information,

including the dataset. The processing time can be very important for our analysis.
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3.2 ORANGE

ORANGE can be used through standard programming language (python) or visual programming. We use this

last framework in this tutorial.

When we launch ORANGE, the Python Runtime Environment is started. The global memory occupation is

249 MB. We have a familiar interface. The treatments are defined in a schema. The components are available

into the tool bar. We add the FILE (DATA tab) into the schema. We click on the OPEN menu and we select

the data file. The loading is automatically started; there is no specific menu for launching the operation.

= Ot Orange Canyas - [Schema 1]

D File ©ptions Window Help

DE&| T | s

g

Data ]CIassify ] Evaluate ] Wisualize ] Associate

5| ]

D ata File:

Data File

[]=1(E)

| Browse documentation data sets... j Reload

Symbols for miszing values in tab-delimited files [besides defaullfones]

Don't care: |

= Don't know: |

Rename F2
File:
Remove  Del

The computation time is 90 seconds. The memory occupation becomes 259.5 MB.

Ope ?IX]
Regarder dans : | 125 big_dataset_decision_tree / j &= EF Ea-
_.z. B waveS00k, arff

Mes documents

récents

7—\_‘,

Bureau
Mes documents
Poste de travai
Favoris réseau Nam du fichier : vaarve D00k, arff j Oueerie |

Fichiers de type : Annuler

ATTRIBUTE component in order to define the position of the variables.

oy Ot Orange Canvas - [Schema 1]

[ Eile Options wWindow Help

U= & T =

Data lCIassif_l,J ] Evaluate ] Visualize ] Agsociate ] Rig

&)

[ Ot Select Attributes

Ayvailable Attibutes

4

Rename F2

Remove  Del

_ue |
|

Do

=3

Attributes

teta Attributes

Feset

We add the SELECT
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We can insert now the CLASSIFICATION TREE (CLASSIFY tab) component. We configure it before we make
the connection. We click on the OPEN MENU. We set the parameters of the algorithm.

% Qt Orange Canvas

File Optisns Window Help

OD&E&|T| =

Deta | Classty | Evalucte | Visuslize | Associote | Fregression |

B} = 3 e

B4 Ot Classification Tree

Learner/Classifier Mame

|Classification Tree

Attribute selection criterion
| Gini Index |

¥ Limit the number of reference examples ta [100 =5

ighbours in FelisfF |5 =1

Tree Structure

ﬁxamgle'

[ Binarization

Pre-Pruning
v Min. instances in leaves 1000 _%I
[ Stop splitting nodes with less instances than |5 ;

[ Stop spliting nodes with a majority class of %) |95 =

4 FPozt-Pruning

W Recursively merge leaves with same majority class

W Pruning with m-estimate. m= 2 =

Apply |

We insert the CLASSIFICATION TREE VIEWER (CLASSIFY tab) into the schema. We make the connection
between this viewer and the learner. Finally, we make the connection between SELECT ATTRIBUTES and
CLASSIFICATION TREE. The computation is automatically launched.

0t Orange Canvas

File Options Window Help

DEH T w

Data | Claszify lEvaIuate ] Yizualize ] Agsociate ] Regression

l
IEEREEEEEEE P EE

ﬁnamele‘

Select Attributes

Clazzification Tree Clazsificat Open

Bename

Remove

E 0t Classification Tree Viewer
Displayed infarmation Classification Tree | Class | P(Class) ‘ P[Target] | Hinst ‘ Distribution (rel) ‘ Distribution (shs] =
¥ Majority class B <root> & 033 0334 500000 033403330333 1669651663401
[ Probability of majority class B W7 <=2.405 C 013 0278 240078 027805130109 E6I35147681:2¢
T P reeseks BW11 ¢=2.996 4 0562 0562 000K 056204310007  5E242 430877
BW13¢=3.235 A4 0753 0753 41138 075302330013 3099595945
¥ Nurber of instanices BV <=1 525 4 0589 0563 15919 056304250005 063676387
[¥ Relative distibution BV12¢=3.165 A 0700 0701 9197 0.701:0297.0.002 6445:2732:20
B1E <=0 595 4 0588 0588 A0B8 054804520000 223118370
B MseaiuidatEvion V11 <1505 A OES3  0G6G 1524 OE6B:0330000 101 8:506:0
B11 51685 C 0523 0477 24 047705230000 12131331:0
Expand/shiink to level ¥7<=033 C 0616 0384 1069 0.384:0.616:0.000 4106530
—_— 5 Y7 30.335 4 0584 0584 1475 0544:0456:0.000 036720
6 0595 A 082 0822 129 082201740004 4214:695:20 +
Target clags Pl | ‘ »
A ﬂ .
Tree size
Nurmber of nodes: 233
g Mumber of leaves: 117
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The processing time is 130 seconds; the memory occupation is 795.7 MB. The tree includes 117 leaves.

3.3 The R Software with the RPART package

R works with scripts. We use the system.time(.) command to obtain the processing time.

I RGui - [R Console]

R Fichier Edition ‘oir Misc Packages Fengtres Aide - O x
=Pl Fe[m]S] [ 5]
A

R wversion 2.6.0 (2007-10-03)
Copyright (C) 2007 The E Foundation for Statistical Computihg
ISEN 3-200051-07-0
R ezt un logiciel libre liveé sans AUCUNE GARANTIE.
Vous pouver le redistribuer sous certaines conditions.
Tapez 'license()' ou 'licence()' pour plus de details.
R est un projet collsboratif awvec de nombreux contributeurs.
Tapez 'contributors()' pour plus d'inforwation et
'citationi)' pour la fagon de le citer dans les publications.
Tapez 'demo()' pour des démonstrations, 'help()' pour l'aide
en ligne ou 'help.start()' pour obtenir 1'aide au format HTHL.
Tapez 'g()' pour cquitter E.
> #ichargement des données
» setwd ("D:/DataMining/Databases for mining/comparison TOW big dataset decision tree™)
> systen.time (donnees <- read.table(file="waveS00k.txt", dec=".", header=T) )
utilisateur ayaténe gooulé

24.17 0.17 24,66
> #oonstruction de 1'arbre
> library(rpart)
> parawetres <- rpart.control (xval=0,minsplit=1000,minkbucket=1000, maxcompete=0,maxsurrogate=0,cp=0)
> system.time (modele <- rpart (CLASS ~., data = donnees, wethod = "class™, control = parsmetres))
utilizateur Systéme gooulé

154. 62 1.67 157.09

v

£ >

At the beginning, the memory occupation is 18.8 MB. We use the text file format with R, we load the
WAVE500K.TXT. The computation is 24 seconds; the memory occupation becomes 184.1MB.

The RPART procedure is rather similar to CART method. But we set the parameters in order to produce a tree
similar to the others programs i.e. MINSPLIT = 1000 observations; MINBUCKET = 1000 observations; CP = 0.
There is not post-pruning here. But, it does not matter. We know that this part of the processing is fast in the

C4.5 approach.

The processing time for the tree construction is 157 seconds. The memory occupation becomes 718.9 MB.

34 RAPIDMINER (formerly YALE)

When we launch RAPIDMINER, we create a new project by clicking on FILE / NEW. An empty OPERATOR
TREE is available.

We add an ARFFEXAMPLESOURCE component into the tree, in order to load the dataset.
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FUJITSU

Eile Edit ¥iew Process Tools Help

PMUOBEBR S o

=3 Operator Tree

59 New Building Block

=% Parameters

=] »mL

bE ¥ I

Comment

‘| RMew Operator

|Iugverbusiw

Rename F2
=5

BB

0 Cperatar [nfo F1

@ Ereakpoint Eefore
[ Breakpoint within
[ﬂ_ Breakpoint After

4% add Breaknoints (Debug Made)

©

I i Dvmmbninbe fFiabiie e (@

Core

Learner 3
hleta 3
QLAP 3

Postpracessing »
Preprocessing  »
Walidation 3

»‘—[

l

init hd l

Aftributes »

Clustering »

Generatar »
Models 3
Other 3
Results  »

Wisualization 3

v WodelApplier
‘:;Q ModelGrauper
gh) MadelUngrouper

v ModelUpdater

=3 OperatorChain

E | afiExampl

3 ArmExamplegetariter

;_ BibtexExampleSource

j C45ExampleSource

3 csvexampleSetairiter

;_ CEVExampleSaource

;_ CachedDatabaseExampleSource
;_ DEaseExampleSource

;_ DiatahaseExampleSetiriter

; DatahaseExampleSource

;_ ExampleSetiriter
-

57 P

The component appears into the operator tree, we set the right parameters by selecting our data file. We

click on the PLAY button of the tool bar. The computation time for the data importation is 7 seconds. The

allocated memory increases from 136.6MB to 228.1MB.

¢ RapidMiner@FUJITSU (test.xml)

File Edit Yiew Process Tools Help

Cormment

‘| Mew Operatar

label_attribute

id_attribute

MR o @«aa B pPEB ¥ &
=3 Operator Tree [+ Parameters | (=] XML
s =21

’D:IDataMining‘tDatabases_for_m%n

I5) hig_dataset_decision_tree

v

)

@ W w @ T

Sep 20, 2008 B:15:

Eookmarks
Sep 20,2008 6:18:
Sep 20, 2008 B:18: Sample Data
Sep 20, 2008 6:18: Sarnples
Sep 20, 2008 6:148: Workspace
Sep 20,2008 6:18:

Sep 20, 2008 6:18:

File Mame

Size
52MB

Last modified
Sep 20, 2008 =

Type
ARFF Data File

Sep 20,2008 6:18: [Wavesnnk_an’f

]

Sep 20, 2008 6:148:

Sep 20, 2008 6:18: [data_ﬂle +.arf

d

Sep 20, 2008 6:148:
Sep 20, 2008 6:148:

Sep 20, 2008 6:148:
Ronti0l iProraceh

Copen ) (ommen)

o

|6:20iﬁ

We must now insert the "decision tree" into the diagram. We operate from the menu NEW OPERATOR on

the root of the tree. We use the DECISIONTREE operator. We use parameters similar to the other programs.
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er@FUJITSU (test.xml*)

Eile Edit View Process Tools Help

e = N

=3 Cperator Tree

o == Root

® Process

; ArffExampleSource
AufiExampleSource

W Ny

Sep 20,2008 6:24:11 PM: Process:
Foof[1] (Frocess)

+- DecisionTree[1] (DecisionTree)

Sep 20,2008 6:29:10 PM: Process:

o

Sep 20,2008 6:24:11 PM: Process initialised
Sep 20,2008 6:24:11 PM: [HOTE] FProcess starts

+- ArfExampleSource[1] (ArMExampleSource)

Sep 20, 2008 6:29:10 PM: [HOTE] Frocess finished after 298 seconds

-mH B ¥V & | g
[5F Parametars | (=] XML Comment || @ Maw Operator
keep_example_set D
criterion [[gam_ratm ] vl
minimal_leaf_size 1000
minimal_gain 0o
maximal_depth -1
canfidence 0.28
no_pruning O
v
G:32:43 P

The PLAY button starts again all the computations. We obtain the decision tree after 298 seconds.

Curiously, RAPIDMINER needs much memory: 1274.7MB were necessary during the calculations. It seems we

must take with caution this value.

3.5 SIPINA

SIPINA is one of my old projects, specialized to decision tree induction. Unlike the other programs, SIPINA

proposes a graphical display of the tree, and above all, possesses interactive functionalities.

This advantage is also a drawback because SIPINA must store much information on each node of the tree:

the characteristics of split for the other variables, distributions, list of examples, etc. Thus, the memory

occupation will be inevitably high compared to the other programs.

Sipina Research Version - [Learning set editor]

2 NElEN Edit
WI=2

open...

Al Save

Save as...

Subsample management

Exit

Learning method

Data Skatistics

Access foreign databases

Induction method  Analysis

Hdl=a
Merge=0.05
Split=0.001
TupeBaonferrani=1
W alueBonferroni=1
Sampling=0

Examples selection

Methodh ame=Improved ChalD [Tzc
ethodClazsM ame=TarbreDecisionl

| £

Quyvrin

I_x

View Window Help

Regarder dans : | |2 big_dataset_decision_lree

B waveS00k, arff

Mes documents
récehts

Poste de travail

Favoriz reseau Mo du fichier :

Fichiers de type :

ware500k, arff

File Format [*.arff]

ﬂ Oluvrie
Annuler

Editirg MEW ,FDM

Improved ChAID (Tschuprow Goodness of Split)

Attributes @ 1
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The memory occupation is 7.8 MB when we launch SIPINA. It becomes 67.1 MB after the dataset loading.

The computation time is 25 seconds.

We select the C4.5 algorithm by clicking on the INDUCTION METHOD / STANDARD ALGORITHM menu. We

set the

k]

Induc

Data  Statistics

minimal size of leaves to 1000.

n method EGEVEE

Sipina Research Version - [Learning set editor]
. File Edit

View Window Help

nminant analysiz | Decision Iist] Other ]

A limited search induction tree algarithm
103 [Quinlan - 1386)
GID3 [Cheng, Fayyad, lrani & s

ChalD [Kass -1
L5 [Cuinlar

Onets-All Decision Tree

Improved C4.5 [Fakaotomalala & Lallich - 1999)
Improved ChAID [Tschuprow Goodness of Split]
Cost zengitive C4.5 (R akotomalala & Chauchat - 2001]

ASSISTANT 86 [Cestnik, Kongifko & Bratko - 1386]

Improved ChaID {Tschuprow Goodness of Split)

Lea
Met
H;t C4.5 (Quinlan - 1993)
e X4
S I:.Iil
TyppeBonferrani=1 15 A, 072 227 042 E]
W alueB onferrani=1 16 o~ 139 -0 295 4
Sampling=0 ¥ |17 = 1 66 0.00 -0.04 2
Eramples selection 13 o 113 -na3 103 3
19 & nead Nnig 113 1
20 |
Editing | MEW.FDM

Size of leaves :

Sampling
(# All datazet
" Simple
(" Balanced
(™ Stratified

3

10 =

Size

300 =

We must specify the role of the variables. We click on the ANALYSIS / DEFINE CLASS ATTRIBUTE menu. We

set CLASS

Sipina Research Version - [Learning set editor]

2% File  Edi

OB EY

Data  Statiskics

Attribute selection

Induction method BEGE

as TARGET, and the other variables (V1 ... V21) as INPUT.

Select active examples. ..

Wiew  indow  Help

= =

BX

x

Attribute selection
Class Variables
|ELASS CLASS
Altributes
W1 A
Learning method Eg
tethodM ame=C4.5 [Quinla W
M ethodClassM ame=TArbre W5
Hdl=5 WVE o
Confidence level=25 W7
Leaf zize=1000 e
Sampling=0 W9
SamplingPart=300 W10
W11 A
Examples selection
~
~
=
C4.5 {Quinlan - 1993)

¢ ok | x Annuler

w

We can launch the learning phase. The calculation time is 122 seconds. The memory occupation becomes

539.9 MB for a tree with 117 leaves.
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Sipina Research Version - [Decision tree...]

2% Induction method — Analysis

D B EX

Tree management  Wiew Window  Help

Ed|
Attribute zelection
—|-W% Predictive attributes

Modes @ 233
Leaves: 117
Max depth 113

Inipininininininl

Learning method

M ethodM ame=C4.5 [Quinlan - 1933)
MethodClassM ame=T ArbreDecisionC45 |

Hdl=5%

Confiderice level=25 [

Leaf size=1000
Sampling=0
SamplingPart=300

Examples zelection

500000 examples selected
0 examples idle

4,5 (Quinlan - 1993)

?
Time : 122547

The counterpart of this large memory occupation is that we can explore deeply each node. In the screenshot

below, we observe the splitting performance for each variable and, when we select a variable, we see the

class distribution on the subsequent leaves.

Sipina Research Yersion - [Decision tree...]

2. Induction method  Analysis  Tree managemeant  Yiew ‘\Window Help
)
£l
Attribute selection
—I-qF Predictive attributes ~
o 1
E Wwa2 Informations on : Level 5, Node 2
L K& IF 7 <253 and W11 < 349 and V16 <152 and W12 ==3 05
— |l
o e E
E L] I = Desciptors' importance ]
E VB z = Select an attibully bo_view the su f
— - T T ogested split
E WT | ! | | [ | - | 1 Double-clik to spii\llh the selected attribute
oodness of split ‘Cnrrelatinn |A:cept or Reject A
N /8 b/ W15 0.30749862 0.2744 [ ] 2
- = WE 0.27551753 0.2361 ] 1
Learning methad 5 0.25775134 0.2325 ]
Methodh ame=C4.5 [Quinlan - 1933] - kil 025501874 01878 ||
MethodClazsM ame=TArbreD ecisionC45 [ 024852417 0.2105 |
Hdl=5 L W17 024544773 02191 N
C _f'd I =25 EE 023468928 0.2044 B
nnidence lewvel= B i B i 24 m
Leaf gsize=1000 Y10 " 020822731 n1an -
5 amp“ng:D W5 T 01955542 Click on an attribuFE to view th_E split suggestion
I amplingF’art=SDD T T 01621570 DOub|E*C|ICK.tD activate the spllt_
[ BB \ 015872671 0.1469 B
i \ 0.120981599 01195 ] S
Examples zelection = ) >
B00000 examples selected Split suggestion
0 examples idle —
<10 C
. - B
C4.5 (Quinlan - 1993}

3087 examples (0.62% of the leaming set)
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3.6 TANAGRA

TANAGRA is my current project. Unlike SIPINA, the implementation of the tree is widely modified. The
interactive functionalities are anymore available, but the computation time and the memory occupation are
optimized.

When we launch TANAGRA, the memory occupation is 7 MB. We click on the FILE / NEW menu in order to
create a new diagram. We import the WAVE500K.ARFF data file.

(" TANAGRA 1.4.27

Lhov.™ your dataset and start download

- Diagram Mg :
[ COpen... Lrata iy K
|Defau|t title \ |

Data mining diagraWg file name :
|D:IDataMiningIDatab = for_mininglcomparison_TO\-\z"Lbig_dataset_dEH

Exit
Dataset ("t arff,* =ls) :
|b:'tDataMiningIDatabases_for_mininglcomparison_TOW'tbig_dataset_dEﬂ/ ’
Tanagra
Regarder dars : | | big_dataset_decision_tree | | e
Data wisualization Statistig Mes documents
Técents
Feature selection Regressi _h
F
Spw learning Meta-spy le I.
@'Correlation scatterplot EScatterplo X
Expor‘t dataset \f'iew datas .
| Scatterplat [,z view multi 'J

Mes docurnents

8 -
Poste de travail

‘% Mom du fichier : ‘waveSUUk.arlf hd | [ Olupric I

Favoriz réseau | Fichiers de type ‘W’EKAdataset v| [ Annuler ]

The processing time is 11 seconds; the memory occupation becomes 53.1 MB.

Before the learning phase, we must specify the role of each variable. We use the DEFINE STATUS component

available into the tool bar. We set CLASS as TARGET, the other columns as INPUT (V1..V21).

29 octobre 2011 Page 12 sur 18



Didacticiel - Etudes de cas

RR.

| TANAGRA 1.4.27 - [Dataset (wave500k.arff)]

Define attribute statuses

Parameters | 2
E File Dia Component  ‘Window  Help - 8 x
=] Attibutes Target Input | llustrative |
CLASS
Defavit title A
Cw2 =
Dataset (wave500k. arff] | : g V3
> .. { 4
%4 Define status 1 Cvs
Cve | = i
7 ion_tree\waves0C
Cva
Cvg e
€ 1o [
C v
Cuviz M|
Bl&] %
[ ok [ cancet J[ hHew |
Define attribute statuses
Parameters |
I
Aributes | Tormet | Input | llustrotion] Ld
[+ /10 ~ W1 ~ | 2
= w2 T
[« w3
Data wisualization Statistics g \\j‘é ruction
Feature selection Regression c e n
=] c - || 2
Spv learning, Meta-spy learning c \\;g = i
c
@Correlation scatterplot Ii;Scatterplot with label = \\ﬂg
Expor‘t dataset \f'iew dataset g w12
Iﬁ"Scatterplnt E_';\f’iew multiple scatterplot) ~ v hd
B 8| |
[ ok [ cancel J[ Hele |

We can now insert the C4.5 component and set the adequate parameters.

i TANAGRA 1.4.27 - [Dataset (wave500k.arff)]
E Fil= Diagram Component ‘Window Help

B %

Default title

= Dataset (wawe 500k, arff]
=% Define status 1

Parameters...

Database :
Di\Dataining'Databs

3

|

Execute
Yiew nloadie i parameters
C
— Parameters
Datasourcy
Computation tim hin size of leaves : |1000] %
hllocated memaor:
i —_— Confidence level : |25
Compon
Data wisualization Statistics Monparametric st
Feature selection Regression Factorial anal;
Spv learning fiveta-spy learning Spv learning asse: QK ” Cancel ” Help

1 n iy n
we=Binary logistic regression

55,045
[ c-pLs

<

£ C-RT
[ c-svc

B Decision List

a0
[ koMK

L.;Linear discriminant analysis

welog-Reg TRIRLS
B}Multilayer perceptron

1

mesfhultinomial Logistic Regression

L

= o =N

>

The contextual menu VIEW launches the calculations. The processing time is 33 seconds. The maximal

memory occupation during the computation is 121.6 MB, it is 73.5MB when the tree is finished. The decision

tree includes 117 leaves.
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3.7 WEKA

We use the EXPLORER module for WEKA. We click on the OPEN button of the PREPROCESS tab. We select
the WAVES00K.ARFF data file.

== Weka 3.5.6 - Explorer

Program  Applications  Tools  Wisualizaktion  windows  Help

Explorer

lster || Assoriake || Select abgibukes || 'u'isualize|

[ Open...,” Cpen ... ” Cpen ... ” Ge&r... ] Undo Edit... SAVE...

“2 Quvrir r>—_<|

Rechercher dans : ‘E]big_dataset_ cision_tree V| I §||E|
\ Leed]

Filtar

[ Choose "Nnne

Current relation Mes
. d t
Relation: Mone Drféin;i:ss

Instances: Mone L —

7[.

Aktributes B
ureau
all Maone

@

Mes documents

@

Rermo Poste de
travail
Skatus 1 Mom de fichier : |wav5500k.arff | [ Ouwrir ]
Favoris réseau
Welcome ko the Weka Explore Fichiers dutype : - [aff dota Files (*.orf) vl [ ]

The processing time is 10 seconds; the memory occupation becomes 253.2 MB.

~* Weka 3.5.6 - Explorer : Efg

Program Applications  Tools  Yisualization  ‘Windows Help

Explorer.

Preprocess| Classify | Cluster || Associate || Select attrib Visualize|

Classifi
asser weka. gui.Generic\\bjectEditor,

[ choose |48 -co.25-M 1000 -
weka.classifiers trees, 148

Test options About

®L Class for generating a prifed or unpruned C4.
(O Supplied test set

() Cross-validation

() Percentage split binarySplits

Mare options. .. confidenceFactor

debug

minkurmOb]

Result list {right-click For options) numFolds

reducedErrorPruning

savelnstanceData

seed

subktreeRaising

unpruned

uselaplace

Status
QK

Open...
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When the dataset is loaded, we select the CLASSIFY tab. We choose the J48 decision tree algorithm, we set

the adequate parameters. We can now click on the START button.

The processing time is 338 seconds. The memory occupation becomes 699.6 MB. The tree includes 123

leaves.
3.8 Summary
The results are summarized into the following table:
Computation time Memory occupation (MB)
(seconds)
Program
Data Tree After After Max during After
Importation | induction launch importation treatment induction
KNIME 47 270 92.6 160.4 2458 245.8
ORANGE 90 130 249 259.5 795.7 795.7
R (package rpart) 24 157 18.8 184.1 718.9 718.9
RAPIDMINER 7 298 136.3 228.1 12744 12744
SIPINA 25 122 7.8 67.1 539.9 539.9
TANAGRA 11 33 7.0 531 121.6 73.5
WEKA 10 338 523 253.2 699.6 699.6

Tanagra is much faster than other programs in the decision tree induction context. This is not surprising
when we know the internal data structure of Tanagra. The data are organized in columns in memory. It is
very performing when we treated individually variable, when searching the discretization cut point for the

split operation during the tree induction for instance.

On the other hand, in an upcoming tutorial, we see that this advantage becomes a drawback when we need
to handle simultaneously all the variables during the induction process, when we perform a scalar product
during the SVM (Support Vector Machine) induction for instance. In this case, Tanagra is clearly outperformed

by other programs such as RAPIDMINER or WEKA.

4 Conclusion

This tutorial is one of the possible point views of the decision tree induction with free software in the context
of large dataset. Of course, others point of views are possible: more predictors, a mixture of continuous and
discrete predictors, more examples, etc. Because the programs are freely available, everyone can define and
evaluate the configuration related to their preoccupation, and use their own dataset. Finally, this is what

matters.

5 Update — October 29, 2011

One of the exciting aspects of computing is that things are changing very quickly. The machines are ever

more efficient, the operating systems are improved, the software also. Since writing this document, I have a
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new computer and I use a 64 bit OS (Windows 7). Some of the tools studied propose a 64 bit version (Knime,
RapidMiner, R). I wonder how behave the various tools in this new context. To do that, I renewed the same
experiment. We note that a more efficient computer allows to improve the computation time (about 20%).
The specific gain for a 64 bit version is relatively low, but it is real (about 10%). And some tools are clearly
improved their programming of the decision tree induction (Knime, RapidMiner). On the other hand, we

observe that the memory occupation remains stable for the most of the tools in the new context.

So that everyone can compare the results on their own machine, here are the characteristics of my computer:

|
Informations systéme genérales
Edition Windows
Windows 7 Edition Familiale Premium
Copyright © 2009 Microsoft Corporation. Tous droits réservés.
Service Pack 1
Obtenir plus de fonctionnalités avec une nouvelle édition de Windows 7
Systeme
Evaluation: mIndice de performance Windows
Processeur: Intel(R) Core(TM)2 Quad CPU Q9400 @ 266GHz 2,67 GHz
Mémoire installée (RAM) : 4,00 Go
Type du systéme:: Systéme d'expleitation 64 bits
Stylet et fonction tactile:  La fonctionnalité de saisie tactile ou avec un stylet n'est pas dispenible sur cet écran
With the following performance index provided by Windows:
g

Evaluez et améliorez les performances de votre ordinateur.

L'indice de performance Windows évalue les composants systéme clés sur une échelle allant de10879,

Composant Ce qui est évalug Sous-indice Indice de base

Processeur : Calculs par seconde 12

Mémoire vive : Opérations mémoire par seconde 59

Graphiques Pgﬁormances du Bureau pour 6.4 -'_'-' L
Windows Aero |

Performances graphiques pour jeux

DTy i fen: et applications professionnelles 3D o4 Deterrn_lng parle
sous-indice le
< lus b
Disque dur principal : Taux de transfert des données surle 50 plus Das

disque

The direct comparison is hard here because various factors influence the results. (1) We use a more powerful
computer (Pentium 4 at 3.8 Ghz with 2 GB RAM vs. Core 2 Quad at 2.66 Ghz with 4 GB de RAM). (2) We have
a new OS (Windows XP 32 bit vs. Windows 7 64 bit). (3) Perhaps some tools are improved their programming

of the decision tree induction. So, we must remain cautious for the comments of the results.

To facilitate the reading of the results, we take the table related to our previous experiment (September 2008

— Windows XP), we put in parallel the new results (October 2011, Windows 7 - 64 bit).
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Tree learning processing time Memory occupation (MB)
Logiciel Seconds | Rank Launching|Data loaded | Tree Learning
Knime 1.3.5 270 5 93 160 246
Orange 1.0b2 130 3 25 260 796
R 2.6.0 157 4 19 184 719
RapidMiner 4 298 6 136 228 1274
Sipina 3.0 - C4.5 122 2 8 67 540
Tanagra 1.4.27 33 1 7 53 122
Weka 3.5.6 338 7 52 253 700

Pentium IV 3,8 Ghz - Windows XP

Tree learning processing time Memory occupation (MB)
Logiciel Seconds | Rank Launching [Data loaded | Tree Learning

Knime (2.4.2 - 64 bits) - 4 threads 39 2 86% 131 328 393
Orange (2.0b - Build 15/10/2011) 84 6 35% 76 405 1008
R 2.13.2 (64 bits) 79 5 50% 28 192 719
RapidMiner 5.1.011 (64 bits) 77 4 74% 369 771 926
Sipina 3.7 - C4.5 52 3 57% 3 63 76

Tanagra 1.4.41 22 1 33% 3 50 119
Weka 3.7.4 (64 bits) 195 7 42% 116 420 805

Q9400 2,66 Ghz - Windows 7 64 bits

Calculation time. The calculation is improved whatever the tool used. We observe mainly the influence of the
better efficiency of the computer. The result of Tanagra is interesting because it operates under 32 bit
fashion, and I know that the source code is not improvement since the previous studied version (14.27 at
September 2008, I used 1.4.41 in this new experiment). Thus, the reduction of the calculation time that we

can attribute to the computer is about 30%. The result for Orange is very similar.

I think also that the source code of Weka's J48 is not really improved. Thus, we can subdivide the gain (42%)
in about 30% for the computer and about 10% for the 64 bit operating system. Indeed, this new version of

Weka (3.7.4) operates natively under 64 bit fashion.

To confirm this last intuition, I use the R 2.13.2 software. Two versions - 32 bit and 64 bit - are installed on
the computer. From this last one, the calculation time is 79 seconds (reported into the table above). With the
32 bit version, it becomes 90 seconds. We dispose of a direct comparison here. We can conclude that the R
version which operates natively in a 64 bit fashion under a 64 bit operating system improves the calculation
time in 12% in relation to the 32 bit version.

Why then such dramatic improvements for SIPINA, and especially for RAPIDMINER and KNIME? SIPINA
works under 32 bit mode. Apart the gain attributed to the computer, the improvement rests on modifications
of the source code I made when I introduced a multithreaded version of the decision tree induction (see

http://data-mining-tutorials.blogspot.com/2010/11/multithreading-for-decision-tree.html). I think we have the

same mechanism for RapidMiner (74%) and Knime (86%). Even if they run under 64 bit mode, the
improvements are really spectacular. They rest probably on a great work on the source code. We can

evaluated them to about 34% [74 - (30 + 10)] for RapidMiner and 46% [86 - (30 + 10)] for Knimel.

As regards Knime, a parameter can disturb the comparison. We use a multithreaded version in our new

experiment. I set "Number threads" to 4. But, in practice, I observed that only 2 cores are really used during

! These values are approximate. They give mainly an order of magnitude on the influence of the various factors on the

calculation time.
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the induction process. When I set the parameter to "Number thread = 1", the calculation time becomes 48

seconds. The gain is 82%.

About the ranking of the tools, we observe that Tanagra remains the better. I think that this is because the
internal data structure is especially well adapted to the decision tree induction. This situation is not true for

another learning algorithm (e.g. SVM - http://data-mining-tutorials.blogspot.com/2009/07/implementing-svm-

on-large-dataset.html). We note however that the other tools — Knime especially - are significantly improved,

they are got really closer.

Memory occupation. We put aside SIPINA for which a great work on memory leak is made for the recent
version. The fear concerns mainly the 64 bit version. The memory occupation is automatically inflated for

some data structures such as pointers (see http://cran.univ-lyonl.fr/bin/windows/base/rw-FAQ.html#Should-I-

run-32_002dbit-or-64_002dbit-R_003f). We observe in this new experiment that the memory occupation has

not been deteriorated. On the other hand, we can theoretically handle larger datasets into main memory. For
instance, for the tools which rests on the Java technology, we can set a larger value for the "-Xmx” (maximum

heap size) option. The capabilities of the tools are dramatically improved.

Conclusion. The main conclusion of this update is that, on a 64 bit system, for the same computer
configuration, a native 64 bit application is about 10% faster in a decision tree induction process compared
to the same program compiled in a 32 bit mode? The advantage of the 64 bit application is all the more
interesting that it can theoretically handle large datasets into main memory. And for the same dataset, the
memory occupation is marginally increased. The second conclusion is that some tools, mainly Knime and
RapidMiner, have considerably improved their program for the decision tree induction over the 3 last years.
But, to date, and this is the last conclusion, Tanagra nevertheless remains very fast for the induction of

decision tree.

2 We note however that this conclusion is not definitive. Our dataset has some particular characteristics: all the descriptors
are continuous, there are a few number of descriptors and a large number of instances. We should extend the experiment

to other kind of dataset to obtain a larger scope results.
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