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Chapter XI

Constraint-Based
Multi-Dimensonal
Databases

Franck Ravat, Université Toulouse |, France
Olivier Teste, Université Toulouse lll, France
Gilles Zurfluh, Université Toulouse |, France

Abstract

This chapter deals with constraint-based multi-dimensional modelling.
The model we define integrates a constellation of facts and dimensions.
Along each dimension, various hierarchies are possibly defined and the
model supportsmultipleinstantiationsof dimensions. Themain contribution
is the definition of intra-dimension constraints between hierarchies of a
same dimension as well as inter-dimension constraints of various
dimensions. To facilitate data querying, we define a multi-dimensional
query algebra, which integrates the main multi-dimensional operators
such as rotations, drill down, roll up... These operators support the
constraint-based multi-dimensional modelling. Finally, we present two
implementations of this algebra. First, OLAP-SQL is a textual language
integrating multi-dimensional concepts (fact, dimension, hierarchy), but
it is based on classical SQL syntax. This language is dedicated to
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specialistssuch asmulti-dimensional database administrators. Second, a
graphical query language is presented. This language consists in a
graphical representation of multi-dimensional databases, and user sspecify
directly their queriesover thisgraph. Thisapproach isdedicated to non-
computer scientist users.

| ntroduction

OnLineAnalytical Processing (OLAP) hasemergedto support multi-dimen-
sional dataanal ysisby providing mani pul ationsthrough aggregationsof data
drawnfromvarioustransactional databases. Thisapproachisoftenbasedon
multi-dimensional databases. Themulti-dimens ona modelling (Kimball, 1996)
represents dataas pointsin multi-dimensional space. Dataareviewed asa
subject of analysis(fact) associated to axisof analysis(dimensions). Each
dimension containsoneor several viewpointsof analysis(hierarchies) repre-
senting data granularities. For example, sale amounts could be analysed
accordingtotime, stores, and customers. Along storedimension, ahierarchy
could group individual storesinto cities, which are grouped into states or
regions, whicharegroupedinto countries.

Thisapproachinducestopicsof interestsfor thescientificcommunity (Rafanelli,
2003). Themainissuesfocusontechnol ogiesandtool sthat enablethebusiness
intelligencelifecyclefromdatamodel ling and acquisitionto knowledgeextrac-
tion. Theseproblemsarebased on researches, which deal with designmethods,
multi-dimensiona models, OL APquery languages, andtool sthat facilitatedata
extraction and datawarehousing. M ulti-dimensional dataarecrucial for the
decision-making. Neverthel ess, only afew researchesfocuson multi-dimen-
sional dataintegrity (Hurtado & Mendelzon, 2002).

Theconfidenceinamulti-dimensional databaseliesinitscapacity tosupply
relevantinformation. A multi-dimensional model integrating constraintsmust
provideanaccuratemodel of theorganisationactivities, anditallowsvaliddata
restitution (Hurtado & Mendelzon, 2002). Thischapter deal swith constraint-
based multi-dimensional modellingand querying.

Thechapter outlineiscomposed of thefollowing sections. Thesecond section
givesanoverview of related works. Thethird sectiondefinesaconstellation
model wheredimensionssupport multipleinstantiationsaswell asmultiple
hierarchies. Thefourth section specifiesaquery algebra. We show theeffect
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