Didacticiel - Etudes de cas R.R.

1 Topic
Mining Association Rules from Transactions File.

Association rule learning is a popular method for discovering interesting relations between variables
in large databases. It was often used in market basket analysis domain. But in fact, it can be
implemented in various areas where we want to discover the associations between variables. The
association is described by a "IF THEN" rule. The IF part is called "antecedent" of the rule; the THEN
part correspond to the ‘consequent" e.g. IF onions AND potatoes THAN burger
(http://en.wikipedia.org/wiki/Association rule learning) i.e. if a customer buys onions and potatoes

then he buys also burger.

It is possible to find co-occurrences in the standard attribute - value tables that are handled with the
most of the data mining tools. In this context, the rows correspond to the baskets (transactions); the
columns correspond to the list of all possible products (items); at the intersection of the row and the
column, we have an indicator (true/false or 1/0) which indicates if the item belongs to the
transaction. But this kind of representation is too naive. A few products are incorporated in each

basket. Each row of the table contains a few 1 and many o. The size of the

transaction _ .
data file

is unnecessarily excessive. Therefore, another data

1 E representation, says “transactions file”, is often used to minimize the data
1 H file size. In this tutorial, we treat a special case of the transactions file. The
i 2 principle is based on the enumeration of the items included in each
2 E transaction. But in our case, we have only two values for each row of the
2 F data file: the transaction identifier, and the item identifier. Thus, each
: 2 transaction can be listed on several rows of the data file.

z : For our example, the items B, E and H are incorporated into the

transaction 1; the items A, B, E and F into the transaction 2; etc. This data
representation is more space-saving. Only the items included in each transaction are listed.

This data representation is quite natural considering the problem we want to treat. It also has the
advantage of being more compact since only the items really present in each transaction are
enumerated. However, it appears that many tools do not know manage directly this kind of data
representation. We observe curiously a distinction between professional tools and the academic
ones. The first ones can handle directly this kind of data file without special data preparation. This is
the case of SPAD 7.3 and SAS Enterprise Miner 4.3 that we study in this tutorial. On the other
hand, the academic tools need a data transformation, prior the importation of the dataset. We use a
small program written in VBA (Visual Basic for Applications) under Excel to prepare the dataset.
Thereafter, we perform the analysis with Tanagra 1.4.37 and Knime 2.2.2 (Note: a reader told me
that we can transform the dataset with Knime without the utilization of external program. This is true. |
will describe this approach in a separate section at the end of this tutorial).

Attention, we must respect the original specifications i.e. focus only on rules indicating the
simultaneous presence of items in transactions. We must not, consecutively to a bad "presence -
absence" coding scheme, to generate rules outlining the simultaneous absence of some items. This
may be interesting in some cases may be, but this is not the purpose of our analysis.
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2 Dataset

The « transactions.txt » data file describes 10.000 baskets, 8 goods are referenced. Of course, it is an
artificial dataset intended for the evaluation the association rule learning tools. We have already
used this dataset (http://data-mining-tutorials.blogspot.com/2008/11/association-rule-learning-
from.html). The originality here, at least with SPAD and SAS, is that we treat directly the data
organized in the transactions file format.

3 Association Rule Mining with SPAD 7.3

[ Projet spAD &= SPAD is a popular tool for the French data
\ miners. Its modus operandi is consistent with
\ SPAD the standards of the domain. A data mining

process is represented as a stream. The nodes

J ® Créer un nouveau projet H

Répertoire IC:\Users\Maison\SPAD Mes projets. ‘m represent the Opel’atlons performEd on the
Nom du projet{F_prcration Regles Association| l data B

&) O Ouvrir un projet existant

[ Nom [ Chemin | Date [ version|® 3.1 Creating a new diagram

\Plus de projets...
When we launch SPAD, a dialog setting allows
us to create a new diagram.

3.2 Importing the dataset

[FAIVIM AMIUIES US UL,

We add the "Fichier Texte Délimité" tool into
the stream canvas. We set the appropriate
settings (PARAMETERS contextual menu) to

) () Ouvrir un projet archivé

@[e] [ oK] [ Annuier] |

import the “transactions.txt” data file.

Projet Edition Affichage

Diagramme  Dessin

& Projet — - | [=rglE (==
Exploration Regles Association 1o PR A Al v 5@
[oRr=Y Diagrammes de traitements
1% Diagramme
8- Méthodes — < [0 @ || [
[ Bersonnalisey Affiche le dialogue de paramétrage de |'élémentélectionné
B Imports / Exports de données - Ry T
El- & Imports “: e &> Import Fichier texte délimité & I ==
~ = u Fichier Texte Délimité t
"= Fichier Texte format fixe - S Import | Métadonnées | ‘J
i Feuille Excel ) Copier (@ Fichier texte direct : ing\benchmark_datasets\ iation_rule_dataset\test_assoc_rule\transactions.bat| &
@+ Table Access !
0+ Fichier SPAD Data Archive & Ajouterund | -
¢ Fichier SBA || Paramétres
= Fichier SPSS [———— & Renommer(( |coaeurdelignes: [détection automatique (Windows/Unix e
- @i Fichier Askia || %% Exécutions | Supprimer Séparateur de colonnes: |tabulation [
[“ Harry Vectoriel Server Liste des exécutl - Délimiteur de texte : |<aucun> -" e
»— %= Table d'une connexion N'W---‘ Elément | S'-"l S |5 Noms des variobles surla 1ére ligne
e Requéte SQL sur une connexion 0 Fichier Tex... Nonderf Epurer
&-C3 Exports Séparateur décimal: () virgule () ) point() ® automatique
#-(3 Data Management Format dimport des dates: [dd/MM/yyyy || [] Annéede départ manuelle si“yy":
——— St Codage des caractéres: m:l‘-que \'\

Apercu des données

transaction |  produit
1B
1E
1H
24
2B

[] Limiter le nombre de lignes importées : = | [ Tirage aléatoire (probabilité) :

[a] | Afficher les erreurs @ Annuler IE
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There are 39,000 rows and 2 columns as specified by SPAD.
3.3 Extracting the rules

The “Régles d'Association” tool enables to extract the rules. We link the data access component to
it. We set the following parameters (PARAMETERS contextual menu):

Projet Edition Affichage Diagramme

Qils ? | 7% .

Dessin

| 3 Projet | (= B Diag mE=
Exploration Regles Association - x & &l *|o w ¥ x| @ &l& @2 20018 gl « 3 @
- Diagrammes de traitements
~-+ii Diagramme
J . @
@ Méthodes — < | - |3 | @ e % T
Personnaliser llarﬁaclions\A e g‘@
®-(3 Classifications - Typologies b Q
-3 Amado - Graphiques de Beitin mﬁ# BB Paramétrer
B3 Scoring et Mogatass: ——
% £2 Arbres de deci{ & Régles dassociation _
B2 Regles d'assoc e
7 Reglesdias) ype de données 1
®-C3 Tableaux multi ) Données standard @ Données transactionnelles ( )
-3 Ted Mining Index Nom Stockage ‘ Réle Sélectionner les variables représentant les transactions et les iten
=G Modelg-s-s.tru_ct 0 transaction Réel Continue
#-0 Industrialisatio 1 produit Chaine MNominale ID transaction : | transaction (2) -|
-3 Statistiques avd
#-C3 Process Items : |gror.luit (3) '|
B3 Beta
— Paramétres
Support minimal : (4) 0015
Support maximal : 1=
Ceonfiance minimale : (5) 0.75 %_
Cardinal maximal des régles : ] 4 :j l
Cardinal maximal du conséquent des régles : (b) 3| ::I
[8] | Afficher les erreurs Annuler [EI _
__ T — - -

We use the transactions file format (1). The identifier of the transaction is the first column
“transaction” (2). The items are described in the second column “produit” (3). We set the minimum
support to 0.01 i.e. a rule must cover at least (0.01 x 10000) 100 transactions (4). The minimum
confidence is 0.75 (5). Last, the max cardinal of a rule (i.e. the max number of items authorized in a
rule) is set to 4; we want rules up to 3 items in the consequent (6). The calculations are started as
soon as we validate the parameters: 136 rules are extracted. We visualize them by clicking on the
RESULTATS / VISUALISATION DES REGLES D'ASSOCIATION contextual menu.

SN e — R
Fichier Opérations Aide

8 R|%2E
[ 136 filiées sur 136 régles disponibles

= Lisledesnégies-

|| [ reercemem{ Tore{ Ton] Swp.. | Supp.. | ©
N1 AKCLE D 4 0050 0500 )
2 UD&LEE =3 = SRt =aEa |
3 ALCEE G 4 0050 0.500 0.050 1.000 0.100 2.000
4 GECEE A 4 0050 0.500 0.0s0 1.000 0.100 2.000
W 5 ALCEE B 4 0050 0.550 0.050 1.000 007 1818
I 3 BLakC E 4 0050 0.400 0.0s0 1.000 0125 2500
i 7 ALCEE F 4 0050 0.550 0.050 1.000 0.0 1818 ~
“ m L3
| 4%
T — - - L] d
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For instance, the rule n°1 means
If the consumer buys (A, C and E) then it buys also (D)

The description of the rule is completed with some interestingness measures which outline the

relevance of the rule. We have described some of them in a previous tutorial (http://data-mining-
tutorials.blogspot.com/2009/02/interestingness-measures-for.html).

Each measure has its specificity. If we want to sort the rules according to the LIFT indicator (in a
decreasing order, we click on the header of the corresponding column (if we click again, the rules are
ordered in an increasing order).

=] Visualisation des régles d'association %
Fichier Opérations Aide

- r 0 o0 1
E I__! EI (oH]

I J Liste des regles ‘
Em-]m-ﬁﬂl_l
11? F& 4 0380 1000 100 857
B B &A&C E 4 0050 0403 0.050 'I.UJD 0.125 2500
12 B&D&C E 4 0050 0400 0050 1.000 0125 2500
L 16 G&A F&D 4 0360 0400 0350 1.000 0avs 25600
I 110 F&D GEA 4 0400 0350 0.350 0.875 1.000 2500
| 70 F&B&H C 4 0050 0450 0.050 1.000 01 2222 T
4| 1 | 2
i 4

3.4 Interactive exploration of the rules

Additional tools enable to better identify the content of the results. We click on the menu
OPERATIONS / INFORMATIONS SUR LES ITEMS. We obtain the list of items.

=] Visualisation des régles d'association J -
Fichier | Opérations Aide /
B "'] | Filtrer
| Afficher toutes les régles S Liste des e o
Informations générales
| = __4, Informations sur les items... S 9
Mum... i} Options... Supg]|  Mombre de ransactions 10000
D&A F i 4 vzl ] 0]
12 F&G DEA 4 0350 0. Iterms |
[ BLALLC E 4 0080 0.4|l] ttem | Supp.Absolu | Supp Relatif I
12 B&D&C E 4 0050 0 g ggg g.;gg
! 106 G&A F&D 4 0350 0. :
U110 FiD GaA 4 0400 of| § o e
| 70 F&B&H C 4 0050  04) € 4000 0400
4 m F 5500 0850 |
Il & 5000 0500
' H 4500 0450 |
| | :
——— -

SPAD provides tools for filtering the rules. By clicking on the OPERATIONS / FILTRER menu, a
dialog box appears. We can filter the rules according the presence of some items into the rules, or
according numerical criteria.

Let us visualize the rules containing the item A into the consequent part. We drag the item A from
the list of the items and drop it into the "Consequent" branch. We click on the “Appliquer” button: 30
rules are highlighted.
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( £1] Visualisation des régles d'association BTG TX)
Fichier | Opérations Aide N
H | #E
[ Afficher toutes les régles Préas sur 136 rigles disponbles
m | ,gl Informations sur les tems...
Numét | Opticns... Supp... | Supp... | Supp... | Confi.. | Sesi.. | Lit| Valeu.. | L~ ]
2 TDECEE A I 0050
4 GLCLE A 4 0.050| Paramétres de filtrage =
8 FLCLE A 4 0050\ m; F = :
» DLHLE A 4 0050 Critéres logiques ] Critéres numériques |
| 25 FEHELE & 4 0.050(] | Liste des items Conditions sus les régles
32 D&E GEA 4 0200 - Régle
| 34 G&E DEA 4 0.200(| |B - Antécédent
3%  G&DEE A 4 01s0| | & Conséquent
< | [ E [
A F
N E 4
B .
T i

Now, we want to filter this subset of rules by retaining only those rules with a LIFT upper than 1.8

(and less than 10, but all the rules anyway have a LIFT less than 10).

In the "Critere numérique" tab, we set the appropriate bounds. Then, we activate these new filtering

parameters.
E5] Visualisation des régles d'association oo e
Fichier Opérations Aide
CIEIEELE — E—
E————
(=] Liste des ragles
Muméio | Antécédent | Conséqu... | L.. | Supp... | Supp.. | Supp.. | Confi.. | Sensi.. | Lit| Valeu. | [ »
2 o i = = o mas aen = 000 0.100 2000 22540 |_|
4 Paramétres de filtrage i _m 0100 2000 22940 ﬂ
8|1 Ciittres logiques  Critéres nunériques] 000 000 2000 22340
2 Définition des critéres numériques 000 0100 2000 22340
291 1| 000 0100 2000 22940
N| 3| Meswe T Actt T ValMin [ VaMax | 750 0423 2143 41.928
I 34 | || # Antécédent =] 1 4 750 0429 2143 41929
39| | # Conséquent @ 1 4 000 0.300 2000 42006 ~
« ||| || Longueus =1 5 5
|| | Support Antécéc 2 0.000 1.000 ]
Support Conséql a 0.000 1.000 2
Support. Régle =] 0.000 1.000 EEE— e
Confiance =] 0.000 1.000 |
Sensibilité a 0.000 1.000
Lt 6 18 1000 i
Waleur test =] 100000 10.000
Déploiement [=] 0.000 1.000

We click on the “Appliquer” button. We obtain 24 rules.

Like this, we can highlight the subset of rules which is the most relevant according to the goals and

the constraints of our analysis.
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4 Association Rule Mining with SAS EM 4.3

I am not an expert in SAS, even less with regard "Enterprise Miner". The description proposed here
can appear simplistic sometimes. The most important thing is to obtain the desired result.

4.1 Importing the data file

First step, we want to import the "transactions.txt" data file into the WORK data library (Note: it is
more appropriate to create a specific data library, but we use the most basic way in this tutorial). To do
this, after we launch SAS, we click on the File / Import Data menu. We select the "Tab Delimited File
(*. txt)" format. We set the TRANSACTIONS as the name of the dataset into the WORK library.

4.2 SAS Enterprise Miner

We click on the SOLUTIONS / ANALYSE / ENTERPRISE MINER menu to launch the Data Mining
module of SAS. Usually a project has already been created with a default diagram. We set “Induction

of Assoc Rule” as the name of the diagram.

The "Input Data Source" component enables to import the dataset. We add it into the workspace.
We open the dialog settings by clicking on the OPEN menu.

E - [SAS Enterprise Miner—Test Assoc Rule [Induction el © (] = ]
ﬁ Fichier File Edit View Options Actions Help Fenétre = [[& [
v - oEX| 0 @m 2y

% 58] e e85 | $ )] 2

m »

_'{) Test ch Fhuie
8cg Induction of Assoc Rule

TRANSACT |

Run
Copy
Delete
Clone...
About...
- Connect items T
Diagrams | Tools g ] L
S
| [ Move and connect *
Sortie - (Sans titre) | |§] Journal - (Sans titre) | Iﬁ Editeur - sans titrel ||ﬁ SAS Enterprise Miner ...

= C:\Users\Maison

We select TRANSACTIONS from the WORK library as "Source Data". Into the VARIABLES tab, we
specify the role of the columns using the SET MODEL ROLE contextual menu: TRANSACTION is the
ID; PRODUIT is the TARGET.
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[ Input Data Source [ol@ ==

-Uariables ] Interval Variables ] Class Variables ] Notes ]

Source Data: |NORK.TRANSACTIONS r

Output: EMDATA.VIEH_M26

Description: [MORK.TRANSACTIONS

Role: RAMW [!] Metadata sample:

Rows: 39,000 Size: 2,000

Columns: 2 Name:  EMPROJ.SMP_VIFF

£8 nput Data Source =iE) =)
Data Interval Variables | Class Variables ] Notes ]
Name I Model Role | i ement | Type | Format | Inf -«

TRANSACT ION id interval num  BESTI12. BES
PRODUIT target nominal char $1. $1.

Then we add the ASSOCIATION component into the stream canvas. We set the following settings.

- e p— - R m . -
& SAS - [SAS Enterprise Miner —Test Assoc Rule Induction of Assoc Rulel] - (o G
ﬁ Fichier File Edit View Options Actions Help Fenétre =& %
v - ol X @ml 2?2y
] o . &
%158 L |8 3 318 | $ 2] &
et o’ >
| Test Assoc Rule -
Zeg Induction of Assoc Rule '_
WORK .
NSACT IONS
fissocial
% Association [olle )=
Output ] Selected Qutpat ] Notes ]
Data I Variables General Heouenoes Time Donstraints ] Sort ]
Diagrams | To Analysis mode: "By Context (* fissociation ( Sequences
| | Hinimum Transaction Frequency to Support Associations:
Fg% offlwest single item frequency 2
= - i as a rcentage: !(
=] Journal - (Sans titre] & Sg::f; 3 Cou:ﬁ: 9 100 )
Max imum number of items in an association: 4
Minimum confidence for rule generation: 75 % (3)

We want to obtain association rules (1). The minimum support of the rule is 100 (2). The maximum

cardinal of the rules is 4. And the confidence minimum is 75% (3).
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We confirm these choices. Then we click on the RUN menu. The rules are listed in a new

visualization window.

N

%4y Fichier File Edit View Fenétre

- @B NKD oEN

Frequencies ] Code ] Log ] Hotes ]

Relations| L#t | Support(%)| Confidence(%)| Transaction Count Fule
2 180 40.00 80.00 40000 G==>D
2 160 40.00 80.00 4000.0 D ==xG
2 145 40.00 80.00 40000 D==>F
2 145 40.00 80.00 40000 A==>F
3 200 35.00 100.00 35000 G&F ==xD
i 15 35.00 87.50 35000 GAD==xF
k1 1.75 35.00 8750 35000 F&AD==G
3 200 35.00 100.00 35000 G&F==2A
i 182 35.00 100.00 35000 GAA==>F
3 1.75 35.00 87.50 35000 FAA==>G
3 175 35.00 8750 35000 GED==2A
3 200 35.00 100.00 35000 G&A==>D

4

E

Journal - (Sans titre) | [# Editeur - sans titrel " =4 Results - Association

= Ch\Users\Maison

Like SPAD, 136 rules are extracted. We can sort them also according to the LIFT criterion.

Deselect All

Print Preview

Print...

BOE
A A2 S e B N

- 20 35 Asund!ng Within Relations :I e

2 sl 286 3500 Ascending |

3 4 M 250 5.00 100.00 50000 CAB&A==5E =

4 4V 250 35.00 100.00 35000 GRA==>F&D

5 4 250 35.00 8750 35000 F&D==2G&A

3 4 250 5.00 100.00 50000 DAC&B==>E

7 4 222 5.00 100.00 50000 HAG&B==C

8 4 222 500 100.00 50000 GAE&B==C

9 4 222 5.00 100.00 500.00 H&F&B ==>C

10 4 219 35.00 87.50 35000 FAA==>G&D

LA 4 219 35.00 8750 35000 G&D==>F&A

12 4 214 15.00 75.00 15000 EAD==>G&F S

4 [ 3

[£] Journal - (Sans titre) | [# Editeur - sans titrel || 4| Results - Association

= C\Users\Maisen

Into the FREQUENCIES tab, we have the list of the items and their count.
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54| Fichier File Edit View Fenétre &=

r '§%|h|\‘k‘?@@¢?q:gi

v
Rules < Frequencies >] Code ] Log ] Hotes ]

Count  |kem| -
1 5500 F ' .
2 5500 B
3 |so00 G _
4 |5000 D E
5  |5000 A
6 4500 H .
7 |as00 C
8 4000 E

[E] Journal - (Sans titre) | Editeur - sans titrel ||_'='§J Results - Association

= ChUsers'\ Maist

Like SPAD again, we can display only a part of the rule set using logical or numerical criteria. We
click on the VIEW / SUBSET TABLE for that.

== I hl
SAS - [Subset Table] o~ [E=SAE X))
%’ Fichier File Edit Fenétre HEE
2 &Moo kP22
(2)
Predecessor => Successor ] Conf idence ] Support | Exclude Relations Lift
Y S — -Right Hana Side.
Transaction Court Rule | ‘s Transaction Court | Rule | -
55000 F | 55000 F |
55000 B 55000 B
50000 G 3 5000.0 G |
5000.0 D 3 5000.0 D - |
5000.0 A 5000.0 A
45000 H | 45000 H
45000 C 1 45000 C
40000 E - 40000 E =
4 » 4 o
Type: Type:
| v W
|:E] Journal - (5ans titre) | iﬁ Editeur - sans titrel ”V Subset Table
& C:\Users\Maison

5 Association Rule Mining with Tanagra and Knime

In this section we show how to transform the dataset prior to the importation into Tanagra and
Knime. Again, the objective of the analysis is to extract only the positive rules (the items co-
occurrence in the transactions). We create an intermediate data file where we use a o/1 coding
scheme to specify the presence of the items into the transactions.

We have already shown how Tanagra handles this kind of format for the extraction of association
rule (http://data-mining-tutorials.blogspot.com/2008/11/association-rule-learning-from.html). In
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this tutorial, we propose a very simplistic program (in VBA) to transform the transactions file into
this format. Thereafter, we show how to treat the transformed data file with Tanagra and Knime. A
priori, the obtained rules must be the same as the ones extracted with SPAD and SAS.

5.1 Transforming the data file

We use the following program to transform the dataset under Excel.

g EE 4 1 " | ' _' ransactions.xlsn Vlicrosoff ,

Accueil Insertion Mise en pa4 Formules Données R&vision Affichage Dével | Complément Adobat @ - = x|

——
| e

m == ] Enregistrer une o |_‘?‘¢}r % Propriétés f <y Propriétés du mappage i Importer
—2 {5 Utiliser tes rg#ffences relatives EeS =3 g Visualiser le code 2 Kits d'extension @7 Exporter
Visual Macros " . Insérer Mode . s Source .
Basic _BSe(urit fles macros ~  Création # Exécuter la boite de diNgue ¥4 Actualiser les données
Contréles XML
k| . i
A
| C | 1= L Ly ) LaJ L) 4 LY
1 r g
2 1 B 0 1 0 0 1 0 0 1 I
i 3 1 E 7 .
2| 1 H I:l & transactions.xdsm - Modulel (Code) =3 o<
I 5 1 2 A » |[Généra|| d ITmnsTuGrin j
6 2 B Public Sub TransToGrid() EI
=i | 2 E '‘activer la bonne feuille
P 2 F Sheets("trans2bin") .Activate
Dim i As Long, numProd As Long, id As Long, previd As Long, j As Long
9 3 B 'désactiver le rafraichissement de 1l'écran
10 3 C Application.ScreenUpdating = False
'initialisation
= = E previd = 0
12 3 H 'passer en revue les couples "transaction-produit"
| 12 4 A For i = 2 To 38001 Step 1
| 14 4 D 'id de transaction
1 id = Cells (i, 1).Value
15 4 F 'remplir la ligne de 0 3i nouvelle ligne
16 | 4 G If (id > prevIid) Then
17 5 B For j = 4 To 11 Step 1
LV =
15 s o Cells=(id + 1, 3j).Value = g
| Next J
19_ 3 E ‘actualiser la transaction traitée
20 5 F previd = id
“ 4 » ¥ trans2bin  bin2trans %3 A Poo AT _
Prét S ] 'numéro de produit
S numProd = Asc(Cells(i, 2).Value) - 64 i
B ‘inscrire la valeur B
Cells(id + 1, numProd + 3).Value = 1
Next i
'activer le rafraichissement de 1'écran
Application.ScreenUpdating = True -
End Sub
hd
== 4| | 4V

The program is rather simple. It relies on two elements to generate the binary table: the transaction
ID indicates the row that must be completed; the ASCII code of the product name (this solution is
highly specific to our data representation) to detect the column to fill. All the blanks cells are filled
with zeros. We export the new data table into the "transactions_binary.txt" text file. Here are the
first rows of the data file.

7| transactions_binary.txt - Bloc-notes = | B )
Fichier Edition Format Affichage ?
la B e D E F G H -
o] 1 o] o] 1 Q Q h 1 7
1 1 0 0 1 1 1] 0
0 1 1 ] 0 1 4] 1
1 0 o] 1 o] 1 1 0
0 1 0 1 1 1 [1] 0
1 1 0 1 0 1 1 0
0 0 1 1 0 0 i | q
1 1] 1 1 0 1 1 0
0 1 1 0 0 0 1 a =
4 [
b = |
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5.2 Performing the analysis with Tanagra

We launch Tanagra. Then, we create a new diagram by clicking on the FILE / NEW menu. We select
the “transactions_binary.txt” data file.

Choose your dataset and start download

Default title

Data mining diagram file name :

ID:\Temp\Em\defaulttd m \ H
Dataset (*.bet.” arff.* xls) -

|laseis\aassociah’on_ruIe_da\aseﬁlml_assoc_rule\transacﬁons_binary.bﬁ ﬁ

| g Tanagra l A [x.)]
Regarderdans: | || test_assoc_nie r O & e M-
O Nom ~ Datedem.. Type Taille Mots-clés
e || _readme.txt
Emplacements | transactions.tit
récents | transactions_binary.tet
Data visualization Statistics -
. 3 Bureau
Feature construction Feature selection
PLS Clustering ' a-':]
I L
Spv learning assessment | Scoring Maison
éB'Cnrrelah'on scatterplot E‘Scatterplnt |
Ehpurt dataset ESC&t[&mlﬂt with lak &
Ordinateur
[ = Nom du fichier - transactions_binary bd -
"
& Types defichiers: [ Textfile v [ Annuer |

We must specify the role of the columns. We use the DEFINE STATUS component. We set the 8
variables as INPUT.

¥ File Diagram Component Window Help .

|0 & I

- Define attribute statuses /\
~ D g B

(= B Dataset |ummﬁurw/lf—mm'/ \ L ‘E‘

%% Define status 1
= i
Target Input | lllustrative  acel

!

TOTTMDoDOmE

Statistic:

Data visualization

Feature construction Feature mlenl
PLS | Clusterin
Spv learning assessment Scoring| -] | ;! | ﬁl rm——r— | prme——
& Correlation scatterplot | Scatterplot|
EE!DDF[ dataset ESC&ttﬂl‘plﬂt [ OK ][ Pa— ” Help ]
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We insert the A PRIORI component (ASSOCIATION tab) into the diagram. We set the following
settings (PARAMETERS contextual menu): (Support min = o0.01; Confidence min = o0.75; Max
Cardinal = 4; Lift min = 0.0).

Dw B %

Defaul lile ' : 5
| ——— O

=-[E) Dataset (transactions_binary. txt)
=% Define status 1

Support: |0.07 atasel
Parameters...
Confidence : |D.?5
Execute I.
View Max card itemsets: 4 -

Lift :

Statistics

Feature selection [
Clustering [ [ OK ” Cancel ” Help
Spv learning assessmpnt Scoring I Association

A priod = HIA priori PT  Spv Assoc Rule
B A priori MR tilAssoc Outlier ‘& Spv Assoc Tree

G t Window Help

Default title RULES -
B Dataset (transactions_binary.txt)
= %% Define status 1 Number of rules : 136
" Lift  Support (%) Confidence (%)
Parameters... 1 “D=true® - "Astrug" “F=true® - "G=true” 2.85714 35.000 100.000
Erccite 2 “F=true® - "G=true" "D=true” - "A=true" 2.85714 35.000 100.000
| View 3 "F=true” - "D=true” "G=true” - "A=true® 2.50000 35.000 87.500
M| 4  “B=true® - "D=true” - "C=true® "E=true" 2.50000 5.000 100.000
I S “B=true® - "Astrue” - "C=true® “E=true” 2.50000 5.000 100.000 -
Compenents : :
Data visualization Statistics Monparametric statistics Instance selection Feature construction |
Feature selection Regression Factorial analysis PLS Clustering |
Spv learning Meta-spv learning Spv learning assessment Scoring Association |
! B A priori B A priori MR A priori PT iiiAssoc Outlier  BSpv Assoc Rule ‘E Spv Assoc Tree
|

We obtain 136 rules, like SPAD and SAS. We note that Tanagra generates only the positive rules
which highlight the simultaneous presence of the items in transactions. The rules are sorted
according the LIFT criterion (decreasing order). Unlike SPAD or SAS, we cannot handle interactively
the rules.

5.3 Performing the analysis with Knime

We create a diagram into Knime. We import the data file using the FILE READER component.

5 avril 2011 Page 12



Didacticiel - Etudes de cas R.R.

. _KNIM
File Edit View  Search Run MNode Help I
BB A -5 Q- @0 | ~|&BrE=-DO06BO0G A
2 Workflow F’rujedsi 2 ‘ B % ¥ T 0| A 0: Asscciation la *2: Assoc Rules Binary Dat... 52| = O | @\ Node Description 53 =0l
i i i - - | : L ;
A Assoc Rules Binary Dataset - -
A; Association L H =
BB Heot reporting 4 File Reader
(&) Multithreading Decision Tree ;
S Matve haves.clacrifiac . This node can be used to read data
2\ Nede Repository =0 from an ASCII file or URL location.
g = It can be configured to read various
v G
i 10 .
3 Read File
| 3 File Reader |
B4 ARFF Reader
B CSV Reader 1 ¢
2 Table Reader
. PMML Reader valid UAL: |i/asssociation_nule_dataset/test_assoc_nieftransactions binary.bet v | | Bromee
A% Model Reader
B write Basic Settings ]
(5 Artificial Data [ read row IDs Column delimiter: | <tab>  +
,t(;:hg [¥] read column headers [¥] ignore spaces and tabs M
& Database — =
% Data Manipulation () Java-ctvie comments fne = f
O, Data Views
I Statistics
Preview N
Click column header to change column properties (* = nameftype user settings) 1
Row ID I A i B I C I D I E b=F I G
Row0 0 1 0 0 1 0 ] -
Row1 1 1 0 0 1 1 0 ==
Rowz o 1. 1 e o 0 -
O = = ~ & y 5 -
[ 0K ] [ Apply ] [ Cancel l

Another transformation is needed to generate association rules. We use the BITVECTOR
GENERATOR component for this. It transforms each transaction into a vector of bits. We set the
following parameters (CONFIGURE menu)

KNIME =)
File Edit View Search Run Node Help
FSvH@ i S -3lv % Qe 0| 100% |ADilog-22-8 r =8
w P == z Fil
2 Workflow Projects O || A 0: Association \g'}.m =
| B % || rieReader /’ Default Settings | Memory Policy |
e
A Assoc Rules Binary Dataset - Bitvector Generator B"fsm = =
A, Association [ E e ey 2
. Threshold: 1]
Heart reportini = =] > L
in ’ 97 lﬁ Use percentage of the mean: []
A Node Repository =8| Nodel Percentage: 005
s = | I - Exclude Select r Indude
MR Node2 | ¥
% Database ) . B 1 - Column(s): T Column(s):
A Date Manipulation O [ select all search hits [] Select all search hits
i =
1= Binning 3 |G Ld 1A
1= Convert & Replace [ I B
i Filter = e
= Split & Combine - Q' I E
& Transform 8% Outline 2 I F
2% Hilite Collector — | of 16
&= Row i e = I H
; e i |55
& Filter - Fiis from string column
1= Transform ] § L —
‘ i Bitvector Generator | S B o
EH Concatenate - | String column to be parsed
“ it ] » o : .
| Kind of string representation: |BIT ~
Q General
B [ Remave column(s) used for bit vector creation
[ ok ][ apply J[ conca |
— e

We use the INTERACTIVE TABLE component to visualize the new column. BITVECTORS
corresponds to a vector of bits in a hexadecimal encoding scheme.
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File Reader
Interactive Table
e
= i
MNodel
=9 Node 3
Mode 2
- Table View - 2:3 - Interactive Table & @Eﬂ
File Hilite Navigation View Output
Row ID | E | F | G I H [ma] Bitvectors
RowQ 1 0 0 1 92 .
Rowl 1 1 o o 33 =
Row2 0 1 0 L AB
| 0 1 1 0 59
Rowd 1 1 o o 3A
RowS 0 1 1 0 &8
Rowé 0 0 1 1 CC
Row? o 1 1 0 ) v
|| ] | i b

We can launch the extraction of the rules using the ASSOCIATION RULE LEARNER component. We

set the following settings (CONFIGURE menu).

W T —
A Dialog - 2:4 - Association Rule Lear...

o . File —
File Edit View Search Run Node Help |
H-B@: A~ 8- 5l~ % Qi 8| 100% ~|&|B % & optons |memoryPpoicy
a Workflow Projects = B|| A 0: Association |3 *2: Assoc Rules Binary Dataset| | | [temset Mining g
= % 7| File Reader Interactive Table __ . 7 I
A Assoc Rules Binary Dataset - . Generator Column containing transactions [Jllﬂ BitVectors '(1
A; Association |
(&) Heart reporting . =9 S & //7 Minimum support {0-1) | 0.01 -5 (2) |
2 ] | Node 1 |
A\ Node Repository =08 =9 Node 3 q r : I
!' — =1 Node 2 Underlying data structure: |ARRAY » "
[ri ¥
| ., Data Views -
. - Output
E Statistics - -
@ Mining Itemset type _FREE -
il | = Association Rules [ Cr=0))] '
I %% Association Rule Leamer Node 4 Maximal itemset length: e (3)
| 'ﬁ Bitvector Generator
{43 Subset Matcher - -n jation R L J
= Bayes 5F Outline &2 = 0| & Console 2 ]
= Clustering 1 — || KNIME Console (4) [¥] Output assodation rules |
1= Rule Induction E-t-- P |
& Neural Network = = Log file is Minimum confidence: 0.751 (5)
1= Decision Tree - WARN Fi| z — E
H 1= Misc Classifiers WARN BilM U =| ]
= MDs f =
= PCA - | [
' : [ ok |[ Ay ][ cancel
|
S e = = —

The transactions are described by the BITVECTORS column (1). The minimum support of the

generated rules is 0.01 (2). The maximal itemset length is 4 (3). Last, we want to generate rules (4)

with a confidence upper than 0.75 (5).

We click on the EXECUTE menu to launch the calculations. We can visualize the rules with the

INTERACTIVE TABLE component.
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File Reader
Interactive Table
Wﬂt Generator
=9 i
Nodel

@ Node 5
Node 4
A Table View - 2:5 - Interactive Table i * (=lE
File Hilite Navigation View Output
Row ID D Support | D Confide...| D Lift S Conseq...| § implies (=) Items
ruled 0.05 1 2 A P [D,B,C] ~
rulel 0.05 1 2 D < A,B,C] —3
rule2 0.05 1 1.818 B L= [E,A,C]
rule3 0.05 1 2.5 E L= A,B,C]
rule4 0.05 1 1.818 F € A,8,C]
ies 0.05 p 2y B s A,8,C] !
rules 0.05 1 2 A < [E,G.E]
rule? 0.05 1 2 A < [DEC] v

Unlike the other tools, Knime generates only the rules with one item into the consequent. We obtain
94 rules.

We can filter the rules with the ROW FILTER component. We want to visualize the rules with a LIFT
upper than 1.8 (and lower than 10.0). We parameterize the component as follows.

File Reader A Dialog - 2:6 - Row Filter e S G [Py 5]
Interactive Table -
w« Generator
\\ Filter Criteria | Memory Policy
=9 = lﬁ Set filter parameter:
Nodel
(=] Column value matching
Node 2 select the column to test: )
D Lift ( 1 ) -
@ indude rows by attribute value matching aiteria:
P rOWS Dy a te value () use pattern matching
: indude rows byr‘lrrbel patiern: contains wild cards
*) exdude rows by number case sensitive match regular expression
7) indude rows by row ID (@) use range cheddng
*) exdude rows by row ID lower bound: _1;8__(2) I
upper bound: | 10.0
() only missing values match
f
OK ] [ Apply | | Cancel
— !

The filtering is based on the LIFT criterion (1). We set the bounds of the values (2).

We use another INTERACTIVE TABLE component in order to visualize the filtered rule set.
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- Table View - 2.7 - Interactive Table b Z“/ E=SRE
File Hilite Mavigation View Output
Row 1D D Support | D Confide...| D Ut 8 Conseq...| 8 imples [ () tems |
ruled 0.05 1 2 A Fa- [X:Ka] ~
ruel 10.05 1 2 D < [A,B,C] @
rule2 !o.os 1 1.818 B P [E,A,C] l
rule3 10.05 1 2.5 E Coee [4B.]
e 0.05 It 188 F < B2.C
rules 0.05 1 2 G < [A,B,C]
ruleé 0.05 1 2 A - [E.GH]
rule? 0.05 1 2 n — [D.EC]
ruled 0.05 1 2 D - [EAQ -

We can refine the filtering. For instance, based on this new set of rules, we can highlight the ones
with the item A into the consequent. We add the ROW FILTER component. The settings are
specified about the consequent of the rule here.

= Dialog - 2:8 - Row Filter ~ --—-q T > l_.. E@g

[ File

Set filter parameter:
o Column value matching
select the column to test: )
| S Consequent =
=g | ~matching criteria:
¢ (@) use pattern matching

Interactive Table pattern: A w | [] contains wild cards
= |V] case sensitive match || regular expression
) user: checking
=9 e .
Node7 lower bound:
Row Filter upper bound:
() only missing values match
N :
Y
Node 8
H [ ok J[ appy |[ cance |

Now, we have only 16 rules.
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File Reader Interactive Table
Wﬂr Generator
i
Node 1
=9
Node 2
Table
=
Node7  Interactive Table
£ Row Filter
MNode b D/—bﬁ
k-2
Feal
Node &
A Table View - 29 - Interactive Table / (o [ E o]
File Hilite Mavigation View Qutput w
Row ID D Support | D Confide...| D Uit | 8 Conseq...| § impies | (.) Items
ruled 0.05 1 2 A - 0.8.C]
rule6 j0.0s 1 H A < EG.B]
rule? 0.05 1 2 A - D,E.Cl
ruled jo.05 1 2 A < [EFc]
rulell 0.05 1 2 A Lomn [E.G.C]
rule 13 jo.05 1 2 A < [PEH i
rule15 0.05 1 2 A L [E.F.HI
| ruled3 jo.1 1 2 a - b.GE
rule47 0.1 1 2 A Commm [F.G,B]
rule49 jo.1 1 2 I < IBFal
rule54 0.1 1 2 A Commm F.G,C]
rule57 _0. 1 1 2 _A L _[D,F,H]
rules2 0.1 1 2 A < [F,GHI
0 ruie7s j0.15 1 2 A < bES]
rule 78 10.15 1 2 A Loem [E.F.G]
rule8s 10.35 1 2 A <o [D.F.el

5.4 Performing the analysis with Knime (again)

After the publication of the French version of this tutorial, Loic LUCEL told me that it was possible to

generate within Knime the o/1 data table. We can therefore avoid the priori recoding using an

external program (in VBA here). The operation can be included directly into the stream diagram.

Thank you very much for these indications Loic.

Let's see this new approach. We create a new Workflow Project. Using the FILE READER

component, we import the transactions file "transactions.txt". We note that Knime recognizes

Knime automatically the transaction ID as integers [Integer], the products column as strings

[String].
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A Using Pivoting Component

A Node Repository

KNIME

File Edit View Search Run Mode Help
D-HRif -5 S G-

2 Workflow Projecls._ = El_ =i "2 Using Ppvoti

1 =

oy 10

B Read

v

| 4 File Reader

B3 ARFF Reader

L E5l CSV Reader

2 Table Reader

i PMML Reader
A% Model Reader

B Write

= Artificial Data

=1 Cache

= e

<[, I

File Read Enter ASCII data file location: WBH‘&M)
= @ valid URL: _rule_ _assoc_ruleftr bl v
= {m]
- i Basic Settings
E} [ read row IDs Column delimiter: <tab> ¥
= [¥] read column headers [] ignare spaces and tabs |
E [ Java-style comments Single line comment: I
- |
8% Outline £2 T |-Preview

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

Row ID

8 ]

1 tansac... [ § produt

[ Rowo

Row1

Row2

- Row3
Rowd

e
IR LR

(T |

I

Apply | | Cancel

= = &

Then, we add the PIVOTING component (DATA MANIPULATION / ROW / TRANSFORM branch).

/

FleReader .
e
=9

ESe)
Node 1 Moo

Pivot (column header)
Pivot column: '_s produit

Group (row header)

Group column: [ | transaction v.-

Aggregation (table content)

Count co-occurrences

(@ Count co-occurrences -

Aggregation column; | transaction -

Aggregation method: | SUM
Advance
[”] Enable hiliting

[¥] Ignore missing values

-

:@ About the settings, we set PRODUIT

File §

as PIVOT, TRANSACTION as GROUP.
Thus, we count the presence of each
item for each transaction. Since the
transactions file counts only the
presence (or absence) of the item, the
possible values are o or 1.

We check this with the INTERACTIVE
TABLE. We the
appropriate table with the o/1 coding

have indeed

scheme.

Therefore, as in the previous section,
we have to add a BIT VECTOR
GENERATOR after the PIVOTING

component and  extract the
ok || apply || cemce || association rules by following the
same approach.
e pvotng | Iteractie Table The main advantage of the
@\{} procedure described in this section
I is that the data transformation is
| L) 5 . .
Node1 Node 3 included into the automated
process. Thus, it remains applicable
TR e [=[=k=| if the source file is modified i.e. if
File Hilite Mavigation View Output .
e — - - — — — io [ie | we want to refresh the transactions
1 1 1 1 0 o 0 0 0 - . .
2 g L o 1 1 d o d 1| file and perform a new extraction of
3 1 0 1 0 1 1 0 0
: A i 5 o i o i s the rules.
- b 3 i o o f i f i
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5.5 From the binary table to the transactions table

Out of curiosity, we show in this subsection the reverse transformation, from the binary table to the
transactions table. As we can see, the VBA code is very simple also. The generalization to other
databases, with more items and transactions is easy.

o =
Accueil Insertion Mise en page Formules Données Révision Affichage Développeur Compléments Acrobat @ - &7 X
=0 ¥ Calibri ~11 v = = =|5 Standard - [FiMiseenform - Se=Insérer - P3 ﬁr ‘ﬁ
_j ErY G I §-A N EEZ=E=H !EE' % 000 FEM ous forme de tableau ~ upprimer ~ Jv
Coller el -0 .00 e Trier et Rechercher et
- & - A b w;-'l’v/'l | Sin +,0 2 Styles de cellules ~ =] Forl 27 filtrer~ sélectionner~
Presse-papiers ™ Police i Alignement P Nombre Style Cellules Edition
= G L S x
O Avertissement de sécurité Les macros ont été désactivées.
FS Q@ fo] 1 7 Y =
a o = | | - - o | . '} . =
r 1 ! 1 | 1
1 (K B C D E F G H transaction produit
2 - 0 1 0 0 1 0 0 1 1B
3 &4 transactions.xdsm - Modulel (Code) [oll@]= | ° 1E
4 e - 1 1H
(General) - GridToTrans -
~m =] | = i 2a
P Public Sub GridToTrans ()] Z] 0 28
7 'activer la bonne feuille 0 2E
s Sheets("bin2trans").Activate 1 2F
Dim i As Long, j As Long, ligne As Long
9 14K N . e v & o N P 0 3B
désactiver le rafraichissement de l'écran
ilo Application.ScreenUpdating = False 1 3¢C
11 'départ de ligne 0 3F
12 ligne = 2 1 3H
13 'passer en revue les transactions 0 4 A
14 For i = 1 To 10000 Step 1 1 4D
' — en e —
15 passer en revue la ligne 1 a4F
= For j = 1 To 8 Scep 1 | i
Hodb If {((Cells{i + 1, j).Value = 1)) Then m i |
Prét 'id de transaction 0 = ] +
Cells({ligne, 10).Value = i

Cells(ligne, 11).Value = Cells(l, j).Value
'pagser & la ligne =suivante
ligne = ligne + 1
End If
Hext 3
Next i

'nroduit correan
o F

‘activer le rafraichissement de l'écran
Application.ScreenUpdating = True
End Sub =

== | [

6 Conclusion

The ability to handle transactions file is an asset for the extraction of association rules. The ease of
operations with SPAD and SAS shows this. Curiously, this feature is lacking in some generalists

(academic) tools.

In this tutorial, we show that the data transformation in order that free tools such as Tanagra can
handle this kind of dataset is rather simple. We can use a little program written in VBA (under Excel).
The limitation is not too restrictive. We remind that Excel (version 2007 and later) can treat
1,048,575 "transaction id - item id" pairs (we do not count the first row) and 16,381 items (if the start
the binary table form the D column into the worksheet). We can do many things with that.
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