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Abstract

The principal aim of this project is to set up new mathematical models together with efficient
associated algorithms that allow the incorporation of some elements of the Formal Concept
Analysis (FCA), of the Mathematical Morphology (MM), of the Aggregation Functions Theory
(AFT) and of the Fuzzy Relation Theory (FRT) in the following phases included in the
Knowledge Discovery (KD) processes: data cleaning, data aggregating, data reducing and data
mining (DM). Also, this project is intended to compare our algorithms with others associated
with the classical methods in DM.
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1 The aim of the project

The Knowledge Discovery in databases (IKDD) [1] process consists of the automated extraction of
patterns representing knowledge implicitly stored in large databases, date warchouses and other
massive information repositories. It is considered that the KDD process consists of an iterative
sequence of the following steps: data cleaning, data integration ( data grouping and data reduction),
data selection, data transformation, data mining, pattern evaluation and knowledge representation
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At present time, the KDD process is a multidisciplinary field [3], drawing work from areas
including database technology, artificial intelligence, machine learning, neural networks, statistics,
optimization, pattern recognition, fuzzy logic, soft computing, formal concept analysis [3], rough
sets theory, knowledge-based systems, knowledge acquisition, information retrieval, high-
performance computing and data visualization.

With this project it is tried to fulfil, in collaboration with the aforementioned ones, two new
incorporations to that discipline list: the Mathematical Morphology (Crisp Theory [5] and Fuzzy
Theory [6], [7], [8]) and the Fuzzy Concept Analysis [9], [10]. Specifically, our main objective is to
set up some mathematical models and its associate algorithms that allow to incorporate elements of
the disciplines: Fuzzy Concept Analysis, Fuzzy and Crisp Mathematical Morphology, Aggregation
Functions Theory [11], and Fuzzy Relations Theory [13], in the following KDD steps: data
cleaning, data grouping, data reduction and data mining.

The attainment of this objective will suppose the incorporation of some new ideas and methods in
processes of KDD and Data Mining, as well as their comparison with the present mechanisms of
KDD that are developed from the aforementioned different disciplines.

2 Level of reached success in the project

Next, a summary (including the fulfilment of the proposed tasks and the developed activities), is
shown.

1. Fulfilment of the initially proposed plan of work.

The scheme of work associated to the used methodology which we proposed in the Scientist-
technique Memory of the Project is specified in 14 tasks. To date, the corresponding part of that
scheme includes the first eleven tasks. Next, we expose a summary of the made activities, detached
by tasks.

Task 01:  Compilation of specialized information that concerns the project and Task 02:  Analysis and
evalnation of generic applications of DATA MINING (DM). (Whose development was programmed
during the first year of the project, 2004).

In the main, the work of the group of investigation related to these two tasks has been completed
within the expected term, and it has consisted of:

01a) Compilation of the basic bibliography and of the works of investigation published in
KNOWLEDGE DISCOVERY IN DATABASES (KDD) and DATA MINING (DM) specialized
journals, fundamentally the one that more directly appears related to the topics including in the
memorty of the project. Although this task is considered fundamentally complete, it is open to the
foreseeable updates that we will do during the period that remains to finalize the project.
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The listing of those resources will be included in the final memory, specifying those that have
influenced, inspired and complemented the results and investigations related to this project.

075) Web location of permanent resources over subjects, investigations, events, new bibliography,
software and groups of investigation related to the topics: KDD and DM in general, as well as in
the specific case of resoutces in the field of THE FORMAL CONCEPT ANALYSIS applied to
the extraction of knowledge in databases.

One of the main achievements obtained as a result of this task has been the incorporation of our
group to the Spanish Network of Data Mining. This organization incorporates the most of the DM
and KDD working groups in the Spanish Public Universities.

In addition, this activity has allowed to the group to get up to the lists of interest related to
publications, events, meetings and location of new resources.

In the final memory of this project, a listing of these resources will be included, along with the
details and explanations that we will consider pertinent.

02). With regard to the DM and KDD specific tools analysis, the following software was selected:
Utilities of data analysis with possibilities of graphical representation of the data or summaries of
them:

- 3DV’8 Enterprise Edition, Open V'isiCube, Miner3D ACCESS, S-Plus (language), Axum 7.

The three first utilities implement standards of the graphical data mining, so they will serve us as
models for the algorithms that we will develop in the following phases of the project.

So much the S-Plus as Axum 7 utilities have the possibility of implementing algorithms that directly
manipulate data tables. (The frequent support of the data presentation in DM techniques).

All these applications have analyzed in Windows, although analogous utilities to S-Plus are available
in UNIX and LINUX.

() Specifically designed utilities for data mining tasks:
- Clementine, Insightful Miner 3.0, Weka-3-2.

The Clementine and Insightful Miner 3,0 utilities are selected since they implement the majority of the
classic data mining algorithms.

We have selected those utilities in order to compare our algorithms, with the classic ones, these last
implemented in Clementine and Insightful Miner.

Both are similar utilities, but the utility Insightful Miner 3,0 has the advantage to use the S-Plus
language directly.
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Finally, he Weka-3-2 is a specific tool for the investigation in DM. It is a free access utility
developed in Java. We have selected it since it can become a standard of the algorithms on KDD
and DM, at least at academic level, both in investigation and in implementation.

(iz) Specific languages for the data tables manipulation:
- S-Plus (language), MICROSOFT ACCESS (version 2003).

Since it has been mentioned in the section (i), we think that in addition to the graphical possibilities
for the representation of data, the S-Plus language seems suitable for the implementation of
algorithms that transform, (via morphologic operators), a date table in other one.

The initial files (on which the developed algorithms that implement the morphologic operators
have been proven), have been recovered by means of the utility Microsoft Access, so the first versions
of our algorithms are implemented in Access. Next, the S-Plus language will be used to obtain the
later versions, since the structure of this last language will make a more efficient version of those
algorithms.

(i3) Complementary utilities:
- Toscanaj , Fuzzy Query, GUHA.

The Toscanay utility is a new version of Toscana, the standard utility for the analysis of data associated
to contexts using the Theory of Formal Concept Analysis methods (FCA) This new Toscanaj version is
implemented in Java, reason by which its integration with Weka is a feasible task that we will try to
approach when the tables of instances will be interpreted as contexts.

We consider that the utility Fuzgy Query is useful to introduce an aspect that non appears in the
specialized literature, and that we want to implement in our algorithms: the consideration of the
Fuzzy Logic (FL) as a basic element for the models containing vagueness, circumstance that appears
frequently in database analysis. This utility is designed specifically for fuzzy queries in structured
databases (FSQL).

Finally, GUHA is a free access utility with implemented algorithms of analysis of conceptual data,
algorithms that are of our interest in this project.

Let us indicate here that this process of search of suitable tools for our investigation, although
sufficiently defined, it is not closed. We have verified in our access to the specialized sources on
that the increasing interest in KDD subjects has done that many investigators of very diverse
matters try to incorporate they tools to problems of data mining.

Task 03: Design of the mathematical model for the morphologic filters in data mining and Task 04:  Expression
of the morphologic filters for the phases of data cleaning and data grouping in terms of the Mathematical Morphology
and the theory of Fuzzy Relations. (Whose development was programmed during the year 2004 and the
beginning of the 2005).
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This is the task in which we are working now. In particular, we have designed the algorithms that
implement the basic filters for the treatment of data tables. Such basic filters are the erosions and
dilatations of data tables, (represented by fuzzy subsets or fuzzy relations), using another fuzzy or
crisp relation as a neighbourbood relation (ot structuring relation).

Later, and following the techniques of the Fuzgy Mathematical Morphology Theory used in another
context (the one of treatment of images [14]), the combination of those basic filters they have
provided new filters such as openings, closings, hit or miss gperators, etc.

Summary of results obtained in the development of the activities of tasks 03 and 04

With regard to tasks 03 and 04, we have developed and extended the ideas that previously appeared
outlined in a published work [12] by members of this group. The purpose of this work is the
application of the Mathematical Morphology tools and methods to handle the useful and possibly
hidden information of the fuzzy and crisp relational systems.

In order to introduce the basic filters erosion and dilatation of data tables, (fuzzy sets AelF,

BeLr,... or fuzzy relations S€L.**"), by a neighbourhood relation, (a fuzzy relation Rel.”™), we
consider the usual composition operators 0+ and < in Fuzzy Logic [9] defined by:

(Ror B)(x) =sup (R(x,y) T B(y)),

yeF
(A or R)(y) =stp (A(x) T R(X,y)).
xeE
(R<.. B)(x) =inf (R(x,y) ~ B(y)),
yeF
(A < R)(y) =inf (A(X) ~ R(x,y)).
yeF
(Rer S)(x,2) =sup (R(x,y) T S(y,2)),
yeF
(R S)(x,2) =inf (R(X,y) ~ S(y,2)).
yeF
Where Lis:
() A complete chain in /0,7] with the usual order or
(%) a complete lattice of closed intervals /a,6] of /0,7] with de usual induced order.

And where T and ~ represent a t-norm and a fuzzy implication in L respectively [10].

With those elements, we extend the classical ctisp Minkowski operators [11] in R? : sum (@), and
difference (©) used in Mathematical Morphology [14 ], to fuzzy subsets by
AB®R=Ro;A4 or S&R=Ro.S and
ABGR=R<1. 4 or S© R=R<.S.
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And finally, we introduce the basic fuzzy morphological filters for data mining:

Erosion of the fuzzy set A by the structuring relation R : &(A, R) = A © R?, been R? the
opposite relation : R?(x,y) =R(y,x)

Dilatation of the fuzzy set A by the structuring relation R: D(A4, R) =A@ R.
Opening and closing filters as composition of the last ones:

Opening of the fuzzy set A4 by the structuring relation R: @(A, R) = D(E(A, R), R).
Closing of the fuzzy set 4 by the structuring relation R: C( A4, R) = £ (D (A4, R), R).

We have shown some interesting result about this operators in the data mining context.

Let us indicate finally in this section that we are introducing new operators (difference operators) as
differences of the basic ones. Later we will undertake the study of new definitions that implement
in our context the concepts of skeleton and skeleton by zones of influence [11], that are used in
mathematical morphology in grouping processes.

With this idea , and since the skeleton concept is associate to distances between items, our present
task is to analyze bibliography of distances defined between fuzzy and crisp subsets of instances.

Also we want to make notice that we analyze data tables in information systems, we have observed
certain similarity between the topics of our investigations and the techniques of the Theory of
"Rough Sets" (RS) of Pawlak [15]. This is a task that we did not contemplate in our initial project.
But our intention is to make a meticulous analysis of those similarities, with the purpose of seeing
the possibility of including the results of RS in our investigation.

Task 05:  Design of algorithms associated to the morphologic filters for data cleaning, data grouping and data
mining and Task 06: First implementation of the algorithms, proof and debugger them (planned between June
of 2004 and July of 2005).

We have developed the algorithms for the formal expressions of the following filters: erosion,
dilatation, opening, closing, hit or miss and difference operators. At date, this implementation has been made
for crisp and fuzzy subsets and with crisp relations as structuring elements only . Those algorithms
are made as generalized products of matrices. Later, we will implement the most complex case of
filters obtained with structuring fuzzy relations that are not crisp, problem that it should be
undertaken after making an analysis on the more favourable type of implication and t-norm
operators. This one seems to be a laborious task, although it seems that, like in other many fields
related to the Fuzzy Logic, the operators of Lukasiewicz are the most appropriate to define the
erosions and dilatations basic filters.
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Taking a free access database as an element of test with near 50,000 instances and 14 attributes,
(database Adult or Census Income with information on the census of the United States in 1994), and
using Microsoft Access, we have made one first implementation of a great part of the mentioned
filters. At the moment, we are dedicated to the interpretation of these results.

At the same time, we are implementing the algorithms to those filters in the mentioned language S-
PLUS.

These tasks will continue until end of October of 2005.

Task 07:  Expression of the procedures of data grouping and data mining in terms of the Fuzzy Concepts Analysis
and the theory of Fuzzy Relations, Task 08:  Design of algorithms associated to the previous procedures and
Task 09:  First implementation of the previous algorithms, proof and debugger of them. (planned between
January of 2005 andl October of 2005).

In this section we have obtained some results that allow us to extract information from a fuzzy
context in which there are unknown values. In this line, and in collaboration with the Dpro of
Matemitica Aplicada de la Universidad del Pais 1 asco, we have proposed a method (using the idea of
frequent sets) for the elimination of objects (instances) or attributes (fields) in fuzzy contexts in
which these absent values appear. Moreover, we will set up the implications between intervals to
replace the absent values and to limit the lack of information in the context.

Finally, we have used the idea of frequent items to define the frequent L-Fuzzy concepts that give
us a method to organize the information obtained from a fuzzy context and we have also used the
association rules to set up implications between the attributes of the fuzzy context.

As a result of these investigations we have presented a paper in the congress Estylf 04 in
September of 2004 and other two have been acepted, one of them in the congress: EUSFL.AT-
LEA 2005 Joint Conference and another in TAMIDA 2005 (III Taller Nacional de Mineria de Datos y
Aprendizaje, organized by the Spanish network of Data Mining and Learning (CICYT Tic2002-
11124-¢). Both will be celebrated in September of this year 2005. The references of these works
appear in the following section.

Task 10:  Study of the process of the knowledge fusion using Aggregation’s Functions and Task 11:  Design of
algorithms associated to the previous procedures. (Whose development was planned in the period April of
2005 until December of 2005).

The development of these activities will become in October of 2005, since the previous ones have

lasted more than planned.

3 Indicators of the results

To date, and like result of the developed work related with our investigations, we have published
the following communications:
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1. A. Butusco, R. Fuentes-Gonzalez and C. Alcalde. Use of rules of association in the theory of L-
Fuzzy Concepts. Estylf2004. Jaén (2004)

2. Alcalde, A. Burusco and R. Fuentes-Gonzilez. Treatment of contexts with absent values.
(admitted in TAMIDA 2005, III national Factory of Mining of Data and Learning, organized by
the Red Espafiola de Minerfa de Datos y Aprendizaje , Granada. September of 2005).

3. C. Alcalde, A Burusco and R. Fuentes-Gonzalez. Treatment of the incomplete information in L-
fuzzy contexts. (admitted in Eusflat-Lfa 2005 joint Conference, Barcelona. September 2005).

On the other hand, in a term of two months we will be able to send to the specialized journals, two
works with the results that we have obtained related to the morphologic operators applied to data
tables. These works will turn on the implementation of the filters mentioned in the summary that
there are including in this report of the results corresponding to tasks 03 and 04.
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