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a b s t r a c t

Context: Data warehouse conceptual design is based on the metaphor of the cube, which can be derived
from either requirement-driven or data-driven methodologies. Each methodology has its own advanta-
ges. The first allows designers to obtain a conceptual schema very close to the user needs but it may
be not supported by the effective data availability. On the contrary, the second ensures a perfect trace-
ability and consistence with the data sources—in fact, it guarantees the presence of data to be used in
analytical processing—but does not preserve from missing business user needs. To face this issue, the
necessity emerged in the last years to define hybrid methodologies for conceptual design.
Objective: The objective of the paper is to use a hybrid methodology based on different multidimensional
models in order to gather all advantages of each of them.
Method: The proposed methodology integrates the requirement-driven strategy with the data-driven
one, in that order, possibly performing alterations of functional dependencies on UML multidimensional
schemas reconciled with data sources.
Results: As case study, we illustrate how our methodology can be applied to the university environment.
Furthermore, we evaluate quantitatively the benefits of this methodology by comparing it with some
popular and conventional methodologies.
Conclusion: In conclusion, we highlight how the hybrid methodology improves the conceptual schema
quality. Finally, we outline our present work devoted to introduce automatic design techniques in the
methodology on the basis of the logical programming.

� 2011 Elsevier B.V. All rights reserved.

1. Introduction

The data warehouse conceptual design is the most crucial step
to correctly represent the domain of interest and it is the milestone
on which the different viewpoints of decision makers and Infor-
matics must agree [1]. Therefore, it is very important for data
warehouse designers to follow a consolidated and robust concep-
tual design methodology, as the development of a data warehouse
is a very expensive process, even today that there exist several
software tools covering all the steps of the data warehouse
lifecycle and offering pre-packaged solutions.

The requirement-driven and the data-driven approaches are anti-
thetical to each other [1] and designers are forced to choose one of
these. In fact, a requirement-driven approach, also known as de-
mand-driven or goal-oriented methodology, aims to define multidi-
mensional schemas using business goals resulting from the needs
of the decision makers. The data sources are considered later, when
the Extraction, Transformation, and Loading (ETL) phase must be de-
signed. In this step, the multidimensional concepts (such as facts,

dimensions, and measures) have to be mapped on the data sources
in order to program the feeding plan of the data warehouse. At this
point, it may happen that the designer discovers that the needed
data are not available. Conversely, a data-driven approach, also
known as supply-driven methodology, aims to define multidimen-
sional schemas through a made-by-expert reengineering process of
the data sources, minimizing the participation of end users and, con-
sequently, going towards a possible failure of their expectations.

Nowadays, several efforts to define a unified strategy that
integrates the benefits of these two main approaches have led to
the definition of hybrid methodologies, classified in pure hybrid
methodologies and integration-derived hybrid methodologies. The
former group includes all the methodologies that perform the design
process considering simultaneously the data sources and the busi-
ness goals [2,3]. The latter comprises methodologies that combine
and integrate a data-driven approach with a requirement-driven
one, which, in turn, can be divided into sequential hybrid and paral-
lel hybrid methodologies. In sequential hybrid methodologies, the
two stages are executed according to a prefixed order, and the out-
put of the first stage is used as input of the second stage [4–6]. In par-
allel hybrid methodologies, the two stages are executed
independently and, at the end, the comparison and integration of
the schemas coming from the different stages are performed [7].
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The survey of the current methodologies in [8] addresses the
necessity of hybrid approaches in multidimensional modelling, de-
fines a unified terminology for multidimensional concepts, and
also introduces a set of useful comparison criteria to evaluate
methodologies on the basis of their capabilities to adequately rep-
resent such multidimensional concepts. An important comparison
criterion is the identification of the inputs to be provided to a
methodology. As an example, methodologies can work on concep-
tual or logical schemas, whereas a conceptual schema can be ex-
pressed according to the Entity/Relationship (E/R) or the Unified
Modeling Language (UML) formalism and a logical schema can be
either a relational schema or an XML schema.

Other important issues in this research topic are the actual lack
of tools supporting automatic multidimensional modelling [8] and
the fewness of CASE tools to support automatic design [9]. While
methodologies based on a requirement-driven approach suffer
from drawbacks related to the comprehension of user needs ex-
pressed according to a natural language, in methodologies based
on a data-driven approach the adoption of automatic techniques
is encouraged by well-structured data sources, and, additionally,
by the presence of functional dependencies [10].

The contribution of the paper is the definition of a sequential
hybrid methodology that takes into account both the advantages
of data modelling, as in the Dimensional Fact Model (DFM) [11],
and the strong formalization of user requirements. Such a formal-
ization is represented by UML multidimensional schemas [12] ob-
tained from the i� framework [13]. These UML multidimensional
schemas, due to their high level of standardization and formal rep-
resentation of multidimensional concepts, can be effectively used
for the automation of the design processes. In the paper, we show
how a large part of the steps performed in our design of multidi-
mensional schemas can be done automatically.

The paper is organized as follows. In Section 2, the related work
about current hybrid methodologies is presented. In Section 3, the
drawbacks related to the data-driven and requirement-driven
methodologies are summarized, along with their multidimensional
models. In Section 4, we present our methodology to integrate
requirement-driven and data-driven approaches and, then, tech-
niques to automatize such integration. In Section 5, we present a
real case study to illustrate the proposed methodology from the
practical viewpoint. Then, in Section 6, we quantitatively compare
the different methodologies, highlighting the benefits introduced
by our approach. Finally, we present some concluding remarks
and the directions of our future work.

2. Related work

This section discusses the features of some current hybrid
methodologies, for which we provide a description according to
the classification schema previously presented: pure hybrid meth-
odologies ([2,3]) and integration-derived methodologies that are,
in turn, sub-classified as sequential ([4–6,14]) and parallel ([7]).

2.1. Pure hybrid methodology

The pure hybrid methodology is based on the idea that the user
requirements can be entirely derived by defining a preliminary

workload that contains all the analytical queries the end users
intend to execute in order to extract information from the data
warehouse ([2,3]). On that assumption, the authors propose an
algorithm able to automatically create a graph (whose nodes are
the tables of the data sources and edges are the joins between
tables) that aims to identify whether each table has to be consid-
ered a fact table or a dimensional table. They claim that labelling
all nodes correctly generates a valid multidimensional schema.
The labels are assigned by examining the role played by tables
and attributes in the SQL queries included in the preliminary work-
load. As an example, a table whose primary key appears in a group-
by clause is labelled as dimensional level. However, the authors do
not consider that queries coming from business goals may have
neither syntactic nor semantic regard to the data sources. In the
paper, there is no mention about how to face possible syntactical
or semantic incompatibilities. Moreover, the algorithm simply as-
signs a tag to each table of the data source but no new schema is
produced. Nevertheless, this methodology represents a good start-
ing point for further refinements, as it can help designers to quickly
and automatically identify facts and dimensions in data sources in
the early stages of the design process.

2.2. Sequential hybrid methodology

As concerns sequential hybrid methods, in [4], the authors pres-
ent a framework to be used for the conceptual design of data ware-
houses. Such a framework starts from the analysis of the business
goals defined by decision makers. Using these goals, a schema rep-
resenting information requirements is first produced. Then, an ini-
tial conceptual schema is suitably derived by discovering facts and
dimensions from the information requirements. At this point, in
order to take also the data sources into account, the conceptual
schema is reconciled with the logical schemas of the data sources
by applying multidimensional normal forms [15]. This strategy
was already present in [16], where, initially, it was not considered
as a hybrid model. In fact, reconciling a requirement-derived sche-
ma with data sources does not suffice by itself to define a hybrid
methodology. Reconciling means only verifying whether an initial
conceptual schema agrees with data sources, whereas decision
makers would want to obtain some kind of information that is
not effectively available because of the lack of data. On the con-
trary, data-driven methodologies allow the designers to manually
modify, through a reengineering process of the data sources, the
functional dependencies in a logical schema, by deleting unneces-
sary relationships and introducing useful ones (for example, add-
ing dimensions to cubes and creating hierarchies for aggregation
paths). Furthermore, designers can add attributes derived from
the raw data (as computed measures).

In [6], Schneider defines a sequential hybrid methodology that
adopts a graph-based model. This allows the designer to easily
build a graphical schema, the so-called data warehouse graph,
which can be mapped to relational or object models. So, the de-
signer can produce a multidimensional schema that best fits user
needs and, then, verify its compatibility with the data source sche-
mas. The author claims that automatic techniques can be used to
check the compatibility and that semantic incompatibilities arising
during the matching can be solved using an ontology.

Abbreviations

ETL Extraction, Transformation, and Loading
DFM Dimensional Fact Model [11]
QVT Query-View-Transformation [26]
MIUR Italian Ministry of Education, University and Research

CRUI Conference of Italian University Rectors
CWM Common Warehouse Metamodel [27]
MOF Meta-Object Facility [28]
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