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ABSTRACT

In the context of data warehouse design, a basic
role is played by conceptual modeling, that pro-
vides a higher level of abstraction in describing
the warehousing process and architecture in all
its aspects, aimed at achieving independence of
implementation issues. This chapter focuses on
a conceptual model called the DFM that suits
the variety of modeling situations that may be
encountered in real projects of small to large
complexity. The aim of the chapter is to propose
a comprehensive set of solutions for conceptual
modeling according to the DFM and to give the
designer a practical guide for applying them in
the context of a design methodology. Besides the
basic concepts of multidimensional modeling,
the other issues discussed are descriptive and
cross-dimension attributes; convergences; shared,
incomplete, recursive, and dynamic hierarchies;
multiple and optional arcs; and additivity.

INTRODUCTION

Operational databases are focused on recording
transactions, thus they are prevalently character-
ized by an OLTP (online transaction processing)
workload. Conversely, data warehouses (DWs)
allow complex analysis of data aimed at decision
support; the workload they support has com-
pletely different characteristics, and is widely
known as OLAP (online analytical processing).
Traditionally, OLAP applications are based on
multidimensional modeling that intuitively rep-
resents data under the metaphor of a cube whose
cells correspond to events that occurred in the
business domain (Figure 1). Each event is quanti-
fied by a set of measures; each edge of the cube
corresponds to a relevant dimension for analysis,
typically associated to a hierarchy of attributes
that further describe it. The multidimensional
model has a twofold benefit. On the one hand,
it is close to the way of thinking of data analyz-
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Figure 1. The cube metaphor for multidimensional modeling

events

measures

dimension

dimension

e r

N / N
N / N,

AN
AN
N

ers, who are used to the spreadsheet metaphor;
therefore it helps users understand data. On the
otherhand, it supports performance improvement
as its simple structure allows designers to predict
the user intentions.

Multidimensional modeling and OLAP work-
loads require specialized design techniques. In
the context of design, a basic role is played by
conceptual modeling that provides a higher level
of abstraction in describing the warehousing pro-
cess and architecture in all its aspects, aimed at
achieving independence of implementation issues.
Conceptual modeling is widely recognized to be
the necessary foundation for building a database
that is well-documented and fully satisfies the
user requirements; usually, it relies on a graphical
notation that facilitates writing, understanding,
and managing conceptual schemata by both de-
signers and users.

Unfortunately, in the field of data warehousing
there still is no consensus about a formalism for
conceptual modeling (Sen & Sinha, 2005). The
entity/relationship (E/R) model is widespread
in the enterprises as a conceptual formalism to
provide standard documentation for relational
information systems, and a great deal of efforthas
been made to use E/R schemata as the input for
designing nonrelational databases as well (Fahrner

" hierarchy

& Vossen, 1995); nevertheless, as E/R is oriented
to support queries that navigate associations be-
tween data rather than synthesize them, it is not
well suited for data warehousing (Kimball, 1996).
Actually, the E/R model has enough expressivity
torepresent most concepts necessary formodeling
a DW; on the other hand, in its basic form, it is
not able to properly emphasize the key aspects of
the multidimensional model, so that its usage for
DWs is expensive from the point of view of the
graphical notation and not intuitive (Golfarelli,
Maio, & Rizzi, 1998).

Some designers claim to use star schemata
for conceptual modeling. A star schema is the
standard implementation of the multidimensional
model on relational platforms; it is just a (denor-
malized) relational schema, so it merely defines
a set of relations and integrity constraints. Using
the star schema for conceptual modeling is like
starting to build a complex software by writing
the code, without the support of and static, func-
tional, or dynamic model, which typically leads
to very poor results from the points of view of
adherence to user requirements, of maintenance,
and of reuse.

For all these reasons, in the last few years the
research literature has proposed several original
approaches for modeling a DW, some based on
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