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Abstract. Business Intelligence offers an interdisciplinary approach (within which is
Information Systems), that taking all available information resources and using of
analytical and synthesis tools with the ability to transform information into knowledge,
focuses on generating knowledge that contributes to the management decision-making
and generation of strategic plans in organizations. Information Mining is the sub-
discipline of information systems which supports business intelligence tools to
transform information into knowledge. It has defined as the search for interesting
patterns and important regularities in large bodies of information. We address the need
to identify information mining processes to obtain knowledge from available
information. When information mining processes are defined, we may decide which
data mining algorithms will support the information mining processes. In this context,
this paper proposes a characterization of the information mining process related to the
following business intelligence problems: discovery of rules of behavior, discovery of
groups, discovery of significant attributes, discovering rules of group membership and
weight of rules of behavior or rules of group memberships.

1. Introduction

Business Intelligence offers an interdisciplinary approach (within which are included the
Information Systems), that takes all the available information resources and the usage of analytical
and synthesis tools with the ability to transform information into knowledge, focuses on generating
knowledge that supports the management decision-making and generation of strategic plans at
organizations [1].

Information Mining is the sub-discipline of information systems which provides to the Business
Intelligence [2] the tools to transform information into knowledge [3]. It has been defined as the
discovery of interesting patterns and important regularities in large information bases [4]. When
speaking of information mining based on intelligent systems [5], this refers especially in the
application of intelligent systems-based methods to discover and enumerate the existing patters in
the information. Intelligent systems-based methods [6] allow retrieving results about the analysis of
information bases that the conventional methods fail to achieve [7], such as: TDIDT algorithms
(Top Down Induction Decision Trees), self-organizing maps (SOM) and Bayesian networks.
TDIDT algorithms allow the development of symbolic descriptions of the data to distinguish
between different classes [8]. Self-organizing maps can be applied in the construction of
information clusters. They have the advantage of being tolerant to noise and the ability to extend the
generalization when needing the manipulation of new data [9]. Bayesian networks can be applied to
identify discriminative attributes in large information bases and detect behavior patterns in the
analysis of temporal series [10].

It has been noted the necessity of having processes [11] that allow obtaining knowledge [12]
from the large information-bases available [13], its characterization [14] and involved technologies
[15].



In this context, this paper proposes a characterization of the information mining process related to
the following business intelligence problems: discovery of behavior rules, discovery of groups,
discovery of significant attributes, discovery of group-membership rules and weighting of behavior
or group-membership rules, and the identification of information-systems technologies that can be
used for the characterized processes.

2. Proposed Techniques for Information Mining Processes

In this section, the following information-mining processes are proposed: discovery of behavior
rules (Section 2.1), discovery of groups (Section 2.2), discovery of significant attributes (Section
2.3), discovery of group-membership rules (Section 2.4) and weighting of behavior or group-
membership rules (Section 2.5).

2.1. Process of Discovery of Behavior Rules

The process for discovery of behavioral rules applies when it is necessary to identify which are
the conditions to get a specific outcome in the problem domain. The following problems are
examples among others that require this process: identification of the characteristics for the most
visited commercial office by customers, identification of the factors that increase the sales of a
specific product, definition of the characteristics or traits of customers with high degree of brand
loyalty, definition of demographic and psychographic attributes that distinguish the visitors to a
website.

For the discovery of behavioral rules from classes attributes in a problem domain that represents
the available information base, it is proposed the usage of TDIDT induction algorithms [16] to
discover the rules of behavior for each class attribute. This process and its products can be seen
graphically in Figure 1.

First, all sources of information (databases, files, others) are identified, and then they are
integrated together as a single source of information which will be called integrated data base.
Based on the integrated data base, the class attribute is selected (attribute A in the Figure).
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Fig. 1. Schema and products resulting of applying Process of Discovery of Behavior Rules using TDIDT

As a result of running the Process of Discovery of Behavior Rules, applying TDIDT to the class
attribute, a set of rules which define the behavior of that class is achieved.

2.2. Process of Discovery of Groups

The process of discovery of groups applies when it is necessary to identify a partition on the
available information base of the problem domain. The following problems are examples among
others that require this process: identification of the customers segments for banks and financial



institutions, identification of type of calls of customer in telecommunications companies,
identification of social groups with the same characteristics, identification of students groups with
homogeneous characteristics.

For the discovery of groups [17] [18] in information bases of the problem domain for which there
is no available "a priori” criteria for grouping, it is proposed the usage of Kohonen’s Self-
Organizing Maps or SOM [19] [20] [21]. The use of this technology intends to find if there is any
group that allows the generation of a representative partition for the problem domain which can be
defined from available information bases. This process and its products can be seen graphically in

Figure 2.
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Fig. 2. Schema and products resulting of applying Process Discovery of Groups using SOM

First, all sources of information (databases, files, others) are identified, and then they are
integrated together as a single source of information which will be called integrated data base.
Based on the integrated data base, the self-organizing map (SOM) is applied. As a result of the
application of Process Discovery of Groups using SOM, a partition of the set of records in different
groups, that will be called identified groups, is achieved. For each identified group, the
corresponding data file will be generated.

2.3. Process of Discovery of Significant Attributes

The process of discovery of significant attributes applies when it is necessary to identify which
are the factors with the highest incidence (or occurrence frequency) for a certain outcome of the
problem. The following problems are examples among others that require this process: factors with
incidence on the sales, distinctive features of customers with high degree of brand loyalty, key-
attributes that caracterize a product as marketable, key-features of visitors to a website.

Bayesian Networks [22] allows to see how variation in the values of attributes, impact on the
variation of the value of class attribute. The use of this pocess seeks to identify whether there is any
interdependence among the attributes that modelize the problem domain which is represented by the
available information base. This process and its products can be seen graphically in Figure 3.

First, all sources of information (databases, files, others) are identified, and then they are
integrated together as a single source of information which will be called integrated data base.
Based on the integrated data base, the class attribute is selected (attribute A in the Figure 3).

As a result of the application of the Bayesian Networks structural learning to the file with the
identified class attribute, the learning tree is achieved. The Bayesian Networks predictive learning is
applied to this tree obtaining the tree of weighting interdependence which has the class attribute as a
root and to the other attributes with frequency (incidence) related the class attribute as leaf nodes.
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Fig. 3. Schema and resulting products for applying Process Discovery of Significant Attributes using Bayesian
Networks

2.4. Process of Discovery of Group-membership Rules

The process of discovery of group membership rules applies when it is necessary to identify
which are the conditions of membership to each of the classes of an unknown partition “a priori”,
but existing in the available information bases of the problem domain.

The following problems are examples among others that require this process: types of customer’s
profiles and the characterization of each type, distribution and structure of data of a web site,
segmentation by age of students and the behavior of each segment, classes of telephone calls in a
region and the characterization of each class.

For running the process of discovery of group-membership rules it is proposed to use of self-
organizing maps (SOM) for finding groups and; once the groups are identified, the usage of
induction algorithms (TDIDT) for defining each group behavior rules [23] [24] [21]. This process
and its products can be seen graphically in Figure 4.

2.5. Process of Weighting of Behavior or Group-membership Rules

First, all sources of information (databases, files, others) are identified, and then they are
integrated together as a single source of information which will be called integrated data base.
Based on the integrated data base, the self-organizing maps (SOM) are applied. As a result of the
application of SOM, a partition of the set of records in different groups is achieved which is called
identified groups. The associated files for each identified group are generated. This set of files is
called "ordered groups". The "group" attribute of each ordered group is identified as the class
attribute of that group, establishing it in a file with the identified class attribute (GR). Then is
applied TDIDT to the class attribute of each "GR group" and the set of rules that define the
behavior of each group is achieved.



Application of SOM

4  Generation
—— ofthe —»f

Database
| /l//i;:ﬁ groups file

— e oo
RUNINARN

Integrated Identified Groups Ordered Groups (*)
Database ‘

WIN| N =

Information Base

Identification of the
class attribute

If..... Application of TDIDT
ThenGR =1

If.... GR A|B|C|D|F|F
And....
Then GR =2

Application of
TDIDT

Then GR=3

WININ| -

Behavior Rules File with the Identified
for each Group (GR) Class Attribute (GR)

Fig. 4. Schema and resulting products of running Process of Discovery of Group-membership Rules using SOM and
TDIDT

Data Preparation

Integration
of the records

Integrated
Database
Information Base
Identification
of the class attribute Application
of SOM
Application of TDIDT Algorithm Application of SOM Algorithm
Y ... \
A|B|C|D|E|F Then A=..
A E|F *|A|B|C|D|E|F
. If.... I,
7App||cat|onof* And.... / - Generation 1 | | | | | | | |
TDIDT Then A=.. U] — ofthe w2
|f groups file 2
3t
File with the Identified Then A=.. | | | | | | | | | el <L
Class Attribute (A) Behavior Rules Identified Groups Ordered Groups (*)

T
Identification of the
Precendent and Consequent
Attributes

A|B|C|D|G

Identification of
Class Attribute (CL)

File with Relevant
Attributes
dentification of Class Attribute (CL)-
Aplicacion del Redes Bay
Y
CL/IGR|B|C |D|G
Application of Application of - -
—Structural Parametricm e e —— Predictive —m et
Learning Learning
B E F
Tree of
T f
Selected Class (CL) Parametric Learning Predicti:le:l.oearning

Fig. 5. Schema and resulting products of running process of weighting of behavior or Group-membership rules using
SOM, TDIDT and Bayesian Neworkts



The procedure to be applied when there are classes/groups no identified includes the
identification of all sources of information (databases, files, others), and then they are integrated
together as a single source of information which will be called integrated data base. Based on the
integrated data base, the self-organizing maps (SOM) are applied. As a result of the application of
SOM, a partition of the set of records in different groups is achieved. These groups are called
identified groups. For each identified group, the corresponding data file will be generated. This set
of files is called "ordered groups". The group attribute of each "ordered group" is identified as the
class attribute of that group, establishing it in a file with the identified class attribute (GR). As a
result of the application of the structural learning, the learning tree is achieved. The predictive
learning is applied to this tree obtaining the tree of weighting interdependence. The root is the group
attribute and the other attributes as leaf nodes labeled with the frequency (incidence) on the group
attribute.

3. Validation of the Proposed Information Mining Processes

The proposed information mining processes have been validated in three domains: political
alliances, medical diagnosis and user behavior. A full detailed report of these validations can be
seen in [26].

In the political alliances domain, it has been sought to discover the behavior of democrats and
republicans representatives of the U.S. Congress based on the political agenda of a regular session,
identifying the intraparty and interparty agreements and disagreements between interparty groups
and minority intraparty groups. The first one was obtained using the process of discovery of
behavior rules for the representatives of each party, and the second one by using the process of
discovery of the groups for the representatives who voted homogeneously (regardless of their party
affiliation) and the rules that define that homogeneity (rules of membership to each group).
Additionally it has been tried to identify which have been the law or laws with greater agreement
among the identified agreements, using the process of weighting of behavior rules or group-
membership rules.

In the medical diagnosis domain, it has been synthesize the knowledge that allows to diagnose the
type of lymphoma using as input the characteristics observed in the associated lymphography,
identify the significant characteristic related to each type of diagnosis and whether there are
common characteristics to different types of pathologies. The first one was obtained using the
process of discovery of behavior rules for each type of diagnosis, the second one by using the
process of weighting of behavior rules and the third one by using the discovery of lymphoma
groups with homogeneous characteristics (regardless of its type) and the rules that defines the
homogeneity (rules of membership to each group).

In the user behavior domain, it has been sought to specify a description of the reasons for
subscribing or unsubscribing to a Internet service “dial-up” provided by a telephone company and
identify the reasons with the highest incidence in each behavior. The first one was sought using the
process of discovery of behavior rules for subscribing or unsubscribing to the service, and the
second one by using the process of weighting of behavior rules.

4. Conclusions

In this paper it has been proposed and described five information mining processes: discovery of
behavior rules, discovery of groups, discovery of significant attributes, discovery of group-
membership rules and weighting of significant atribute related to behavior or membership rules.

Each process has been associated with the following techniques: the usage of TDIDT algorithm
applied to the discovery of behavior rules or group-membership rules, the usage of self-organizing
maps applied to the discovery of groups, the usage of Bayesian networks applied to the weighting
of interdependence between attributes, the usage of self-organizing maps and TDIDT algorithms



applied to the discovery of group-membership rules and the usage of Bayesian networks applied to
the weighting of significant atribute in behavior or group-membership rules.

During the documental research work it has been noted the indiscriminate use of terms "data
mining" and "information mining" to refer to the same body of knowledge. However, raising this
equivalence is similar to say that computer-systems are equivalent to information-systems. The first
ones are related to the technology that supports the second ones and this is what makes them
different.

In this context is an open problem the need of organizing the body of knowledge related to
engineering of information mining, establishing that data mining is related to algorithms; and
information mining is related to processes and methologies.

On the other hand, there are in the literature many papers and results about the convenience of the
usage of certain data mining algorithms compared to others, but it is rarely raised the information
mining process associated to these algorithms or the convenience of the usage of one algorithm
compared to other for that process. In this context, is an interesting open problem the identification
of the relationship between the data mining algorithm and the process of information mining.
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