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in Multidimensional Models
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INTRODUCTION

In the database design, the advantages of using
conceptual models for representing users’ re-
quirements are well known. Nevertheless, even
though data warechouses (DWs) are databases that
store historical data for analytical purposes, they
are usually represented at the logical level using
the star and snowflake schemas. These schemas
facilitate delivery of data for online analytical
processing (OLAP) systems. In particular, hi-
erarchies are important since traversing them,
OLAP tools perform automatic aggregations of
data using the roll-up and drill-down operations.
The former operation transforms detailed data into

aggregated ones (e.g., daily into monthly sales)
while the latter does the opposite.

In spite of the advantages of star and snow-
flake schemas, there are some inconveniences in
using them. For example, since these schemas
are based on the relational logical model, some
implementation details (e.g., foreign keys) must
be considered during the design process. Further,
the star and snowflake schemas are not adequate
for representing different kinds of hierarchies
existing in real-world applications. Therefore,
users are not able to express their analysis needs,
and consequently, developers cannot implement
them.

We advocate that it is necessary to represent
DW data requirements at the conceptual level.
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Different Kinds of Hierarchies in Multidimensional Models

The conceptual model should clearly distinguish
different kinds of hierarchies since they exist in
real-world situations and are important for DW
and OLAP applications. Further, developers
should be able to implement these hierarchies.
Therefore, considering that DWs and OLAP can
userelational storage, we present how hierarchies
can be mapped to a relational model.

BACKGROUND

The star and snowflake schemas include relational
tables known as fact and dimension tables. The
fact table represents the focus of analysis (e.g.,
analysis of sales). Itusually contains numeric data
called measures (e.g., quantity). Dimension tables
contain attributes that allow users to see measures
from different perspectives (e.g., analyze sales in
different stores). Since users usually start from
a general view of data and then, if required, the
detail explorations follow, dimensions may con-
tain attributes that form hierarchies. OLAP tools
allow users to traverse hierarchies, aggregating
measures automatically. For example, “moving”
(i.e., using the roll-up operation) from store to
city, the quantity of sold products in each store
will be added according to the cities where the
stores are located.

Depending on whether hierarchies are repre-
sented using flat (Figure 1(a)) ornormalized tables
(Figure 1b)), the relational structure is called star
or snowflake schemas, respectively. Nevertheless,
both schemas are not adequate for representing
differentkinds ofhierarchies existing inreal-world
situations. The star schema does not represent
hierarchies clearly, and the hierarchy structure
should be deduced based on the knowledge of
the application domain. On the other hand, the
snowflake schema only allows us to represent
simple hierarchies such as Store, City, and State in
Figure 1(b), even though there are different kinds
of hierarchies in real-world applications.
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There are several proposals of conceptual
multidimensional models' thatinclude hierarchies.
Nevertheless, as we will see later, these models
do not include all hierarchies as presented in this
chapter. This lack of a general classification of
hierarchies, including their characteristics at the
schemaand at the instance levels, leads to repeated
research efforts in “rediscovering” hierarchies and
providing solutions for managing them.

MAIN FOCUS

We first describe the MultiDim model, a concep-
tual multidimensional model used for representing
requirements for DW and OLAP applications,
including different kinds of hierarchies. Then,
we present the hierarchy classification and refer
in more detail to each hierarchy type. Last, we
present mapping of these hierarchies to the rela-
tional model.

The MultiDim Model

To describe the MultiDim model (Malinowski
& Zimanyi, 2008), we use an example of a Sales
DW shown in Figure 2 that contains different
kinds of hierarchies; we refer to them in the next
section.

A MultiDim schema is a finite set of dimen-
sions and fact relationships. A dimension is an
abstract concept for grouping data that share a
common semantic meaning within the domain
being modeled. A dimensionis composed ofalevel
or one or more hierarchies. The Store dimension
in Figure 2 includes two hierarchies representing
the administrative division and organizational
structure.

Levels, such as a Product level in Figure 2,
correspond to entity types in the ER model. Ev-
ery instance of a level is called member. Levels
contain one or several key attributes (underlined
in Figure 2) identifying uniquely the members of
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