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ABSTRACT

Knowledge intensive applications rely on the
usage of knowledge artifacts, called patterns,
to represent in a compact and semantically rich
way huge quantities of heterogeneous raw data.
Due to pattern characteristics of patterns, specific
systems are required for pattern management in
order to model, store, retrieve and manipulate
patterns in an efficient and effective way. Several
theoretical and industrial approaches (relying on
standard proposals, metadata management and
business intelligence solutions) have already been
proposed for pattern management. However, no
critical comparison of the existing approaches
has been proposed so far. The aim of this chapter
is to provide such a comparison. In particular,
specific issues concerning pattern management
systems, pattern models and pattern languages are
discussed. Several parameters are also identified
that will be used in evaluating the effectiveness of

theoretical and industrial proposals. The chapteris
concluded with a discussion concerning additional
issues in the context of pattern management.

INTRODUCTION

The huge quantity of heterogeneous raw data
that we collect from modern, data-intensive
applicational environments does not constitute
knowledge by itself. A knowledge extraction
process and data management techniques are
often required to extract from data concise and
relevant information that can be interpreted,
evaluated and manipulated by human users in
order to drive and specialize business decision
processing. Of course, since raw data may be
heterogeneous, several kinds of knowledge arti-
facts exist that can represent hidden knowledge.
Clusters, association rules, frequent itemsets and
symptom-diagnosis correlations are common
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examples of such knowledge artifacts, generated
by data mining applications. Equations or key-
word frequencies are other examples of patterns,
relevant, for example, in a multimedia context.
Allthoseknowledge artifacts are often called pat-
terns. Inamore concise and general way, patterns
may be defined as compact and rich in semantics
representation of raw data. The semantic richness
of a pattern is due to the fact that it reveals new
knowledge hidden in the huge quantity of data it
represents. Patterns are also compact, since they
represent interesting correlations among data
providing, in many cases, a synthetic, high level
description of some data characteristics. Patterns
are therefore the knowledge units at the basis of
any knowledge intensive application

Dueto their specific characteristics, ad hoc sys-
tems arerequired for pattern managementin order
to model, store, retrieve, analyze and manipulate
patterns in an efficient and effective way.

Many academic groups and industrial con-
sortiums have devoted significant efforts towards
solving this problem. Moreover, since patterns
may be seen as a special type of metadata, pattern
management has also some aspects in common
with metadata management.

In general, scientific community efforts mainly
deal with the definition of a pattern management
framework providing a full support for hetero-
geneous pattern generation and management,
thus providing back-end technologies for pattern
management applications. Examples of these ap-
proaches are the 3W model (Johnson et al., 2000),
the inductive databases approach — investigated
in particular in the CINQ project (CINQ, 2001)
and the PANDA framework (PANDA, 2001;
Catania et al., 2004). In the context of inductive
databases, several languages have also been
proposed supporting the mining process over
relational (or object-relational) data by extend-
ing the expressive power of existing data query
languages with primitives supporting the mining
process. Examples of such approaches are MSQL
(Imielinski & Virmani, 1999), Mine-Rule (Meo et
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al., 1998), DMQL (Han et al., 1996) and ODMQL
(Elfeky etal.,2001). On the other hand, industrial
proposals mainly deal with standard representa-
tion purposes for patterns resulting from data
mining and data warehousing processes, in order
to support their exchange between different ar-
chitectures. Thus, they mainly provide the right
front end for pattern management applications.
Examples of such approaches are: the Predictive
Model Markup Language (PMML, 2003), the
common warehouse metamodel (CWM, 2001)
and the Java Data Mining API (JDM, 2003).

In general, existing proposals can be classified
according to the following aspects:

(@ Thechosen architecture to manage patterns
together with data.

(b) Thepattern characteristics supported by the
data model.

(¢) Thetypeofoperationsand queries supported
by the proposed languages.

As far as we know, even if several proposals
exist, no critical comparison of the existing ap-
proaches hasbeen proposed so far. We believe that
such a comparison would be very useful in order
to determine whether the existing approaches are
sufficient to cover all pattern requirements and to
guide application developers in the choice of the
best solution in developing knowledge discovery
applications.

The aim ofthis chapteristo provide such acom-
parison. We first present a definition of patterns
and pattern management. Then, specific issues
concerning pattern management systems, pat-
tern models and pattern languages are discussed,
pointing out possible alternative solutions in the
context of a given scenario. Several parameters
relevant to the pattern management context will
also be identified and then used to evaluate the
effectiveness of various theoretical and industrial
proposals. Moreover, relationships between pat-
tern and general metadata management will also
be identified, and some existing approaches for
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