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INTRODUCTION

Hierarchiesplay afundamental rolein knowledge repre-
sentation and reasoning. They have been considered as
the structures created by abstraction processes. Accord-
ingto Smithand Smith (1977), an abstraction processisan
instinctively known human activity, and abstraction pro-
cesses and their properties are generally used for multi-
level object representation in information systems. An
abstraction can be understood as a selection of a set of
attributes, objects, or actions from a much larger set of
attributes, objects, or actionsaccordingto certain criteria.
Repeating thisselection several times, that is, continuing
to choose from each subset of objects, another subset of
objects with even more abstract properties, we create
other level sof (semantic) detailsof objects. Thecomplete
structure created by the abstraction processis a hierar-
chy and the type of hierarchy depends on the operation
used for the abstraction process and the relations. Asfor
the relations, the best known in the literature are classi-
fication, generalization, association (or grouping), and
aggregation. Their main characteristicsarebriefly listed
inthefollowing.

Classification isasimple form of data abstraction in
which an object type is defined as a set of instances. It
introduces an instance-of rel ationship between an object
typeinaschemaanditsinstancesinthedatabase (Brodie,
Mylopoulos, & Schmidt, 1984).

Generalizationisaform of abstractioninwhich similar
objectsarerelated to ahigher level genericobject. It forms
anew concept by leaving out the propertiesof an existing
concept. With such an abstraction, the similar constitu-
ent objects are specializations of the generic objects. At
the level of the generic object, the similarities of the
specializationsareemphasized, whilethedifferencesare
suppressed (Brodie, et al., 1984).

Thisintroduces an is-a relationship between objects.
This relation covers a wide range of categories that are
used in other frameworks, such as inheritance, implica-
tion, and inclusion. It isthemost frequent rel ation resul t-
ing from subdividing concepts, called taxonomies in
lexical semantics. Theinverse of the generalization rela-
tion, called specialization, forms a new concept by add-
ing properties to an existing concept (Borgida,
Mylopoulos, & Wong, 1984).

A particular type of generalization hierarchy, named
filter hierarchy, is defined by the so-called filtering op-
eration. Thisoperation appliesafilter functionto aset of
objects on one level and generates a subset of these
objects on a higher level. The main difference from the
generalization hierarchy is that the objects that do not
pass the filter will be suppressed at the higher level
(Timpf,1999).

Association or grouping is a form of abstraction in
which arelationship between member objectsis consid-
ered asahigher level set of objects. Withthisrelationship,
the detail s of member objectsare suppressed and proper-
ties of the set object are emphasized. Thisintroducesthe
member -of rel ationshi p between amember object and aset
of objects(Brodie, 1981).

Aggregation isaform of abstraction in which arela-
tionship between objects is considered as a higher level
aggregateobject (Brodieet al., 1984). Eachinstanceof an
aggregate object can be decomposed into instances of the
component objects. This introduces a part-of relation-
ship between objects. The type of hierarchy constructed
by this abstraction is called an aggregation hierarchy.

Like datawarehousing and OLAP (online analytical
processing), the above-mentioned aggregation hierar-
chies are widely used to support data aggregation (Lenz
& Shoshani, 1997). In a simple form, such a hierarchy
showstherel ationshipsbetween domainsof values. Each
operationonahierarchy can beviewed asamapping from
one domain to a smaller domain. In the OLAP environ-
ment, hierarchiesare used to conceptualizethe process of
generalizing data as atransformation of valuesfrom one
domain to values of another smaller or bigger domain by
means of drill-down or roll-up operators. In the next
sections, the roles of aggregation hierarchiesin analysis
dimensions of adata cube will be analyzed.

BACKGROUND

The core of the aggregation hierarchy revolves around
the partial order, a simple and powerful mathematical
concept to which alot of attention has been devoted (see
Davey & Priestley, 1993). The partial ordering can be
represented as a tree with the vertices denoting the
elements of the domains and the edges representing the
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ordering function between elements. Thenotion of levels
has been introduced through the idea that vertices at the
same depth in the tree belong to the same level of the
hierarchy. Thus, the number of levels in the hierarchy
correspondsto the depth of the tree. The highest level is
the most abstract of the hierarchy and the lowest level is
the most detailed.

As in data warehousing and OLAP, the notion of
partial ordering iswidely used to organize the hierarchy
of different level sof dataaggregation along adimension.
Sometimes, hierarchieshave been perceived structurally
astrees, that is, no generic object istheimmedi ate descen-
dant of two or more generic objects, and where the
immediate descendants of any node (supposing any hier-
archy isrepresented by a graph) have classes which are
mutually exclusive. A class with a mutually exclusive
group of generic objects sharing a common parent is
called a cluster. Generally speaking, many real cases
cannot be modeled by these types of hierarchies (see
Figurel). For thisreason, usually, adimension hierarchy
isrepresented as adirected acyclic graph (DAG). Some-
times, it can be defined with aunique bottom level and a
unique top level, denoted by ALL (see Gray, Bosworth,
Layman, & Pirahesh, 1996).

One of themost important i ssuesrelated to the aggre-
gation hierarchy is the correct aggregation of data (see
Lenz & Shoshani, 1997; Rafanelli & Shoshani, 1990). Itis
known as summarizability, which intuitively means that
individual aggregate results can be combined directly to
produce new aggregate results.

As subsequently discussed in Lenz and Shoshani
(1997), summarizability conditionsaretheconditionsupon
which the summari zation operation produces the correct
result. Theauthorsaffirm that three necessary conditions
of summarizability have to be satisfied. They are
disjointness of levels (or category attributes) in hierar-
chies, completeness in hierarchies, and correct use of
measure (summary attributes) with statistical functions.
Disjointness implies that instances of levels in dimen-
sions form disjoint subsets of the elements of a level.
Completenessin hierarchies meansthat all the elements

Figure 1. Two typical structures of hierarchies
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occur in one of the dimensions and every element is
assigned to some category on the level above it in the
hierarchy. Correct use of measures with statistical func-
tions depends on the type of the measure and the statis-
tical function.

Morerecently, the problem of heterogeneity inaggre-
gation hierarchy structures and its effect on data aggre-
gation has attracted the attention of the OLAP database
community. The term heterogeneity, as introduced by
Kimball (1996), refersto the situation where several di-
mensions representing the same conceptual entity, but
with different categories and attributes, are modeled asa
single dimension. According to this description, which
hasalso been called multiplehierarchy andrecalledinthe
next section (see Agrawal, Gupta, & Sarawagi, 1997
Pourabbas & Rafanelli, 2003), dimension modeling may
requireevery pair of elementsof agiven category to have
parentsin the same set of categories. In other words, the
roll-up function between adjacent levelsis atotal func-
tion. The hierarchies with this property are known to be
regular or homogeneous. For instance, in ahomogeneous
hierarchy, we cannot have some cities that roll-up to
provinces and someto states, that is, theroll-up function
between City and Stateis apartial function.

In order to model theseirregular cases, some authors
introduced heterogeneous dimensions and tackled the
summarizability issue by proposing several solutions.

Theproposal of Lehner, Albrecht, & Wedekind (1998)
consists of transforming heterogeneous dimensionsinto
homogeneous dimensions in order to be in dimensional
normal form (DNF). Thistransformation isactually per-
formed by considering categories, which cause the het-
erogeneity, as attributes for tables outside the hierarchy.
Ontheflattened child-parent relation, summarizability is
achieved for dimension instances.

Pederson and Jensen (1999) considered a particular
class of heterogeneous hierarchies, for which they pro-
posed their transformation into homogeneous hierar-
chies by adding null members to represent missing par-
ents. In their opinion, summarizability occurs when the
mappingsinthedimensionhierarchiesareonto (all paths
fromtheroot toaleaf inthehierarchy haveequal lengths),
covering (only immediate parent and child values can be
related), and strict (each childinahierarchy hasonly one
parent). The proposed solutions consider a restricted
class of heterogeneous dimensions, and null members
may cause awaste of memory and increase the computa-
tional effort due to the sparsity of the cube views.

Hurtado and M endel zon (2001) extended the notion of
summari zability for homogeneousdimensionsin order to
tackle summarizability for heterogeneous dimensions.
They classified five classesof dimension schemas, which
are
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