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Abstract 
The ESPRIT Project DWQ (Foundations of Data Warehouse Qual- 
ity) aimed at improving the quality of DW design and operation 
through systematic enrichment of the semantic foundations of data 
warehousing. Logic-based knowledge representation and reason- 
ing techniques were developed to control accuracy, consistency, 
and completeness via advanced conceptual modeling techniques 
for source integration, data reconciliation, and multi-dimensional 
aggregation. This is complemented by quantitative optimization 
techniques for view materialization, optimizing timeliness and re- 
sponsiveness without losing the semantic advantages from the con- 
ceptual approach. At the operational level, query rewriting and 
materialization refreshment algorithms exploit the knowledge de- 
veloped at design time. The demonstration shows the interplay of 
these tools under a shared metadata repository, based on an exam- 
ple extracted from an application at Telecom Italia. 

1 Overview of the Demonstration 
The demonstration follows roughly the 6-step process indi- 
cated in figure 1. In the middle of the figure, light-grey boxes 
indicate conceptual models which for the designer look like 
extended ER diagrams but are internally represented in a de- 
scription logic formalism. The light-grey boxes represent 
logical (relational or semi-structured or multi-dimensional) 
schemata. The corresponding tools are organized around 
the DWQ metadata framework presented in [3] and imple- 
mented using the ConceptBase system. 
Step 1 and 2: The DWQ approach to source integration 
is concept-centered, symmetric and incremental: Conceptual 
models of the sources and of the enterprise model are defined 
initially independently and related by explicit interschema 
assertions about which subsumption reasoning can be done. 
Thus, both a global-as-view and a local-as-view approach to 
data warehouse design can be suppored. 
3. This conceptual modeling approach has been extended to 
the case where concepts are organized into aggregates along 
multiple dimensions [2]. Multi-dimensional views over the 
enterprise conceptual model can be defined to express the 
interests of DW clients, without losing the advantages of 
consistency and completeness checking as well as semantic 
optimization provided by the conceptual modeling approach. 
4. These "conceptual data cubes" can be implemented 
by a MOLAP or ROLAP data model. We follow the 
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Figure 1: Structure of the demonstration 

latter approach which requires a careful design of an 
OLAP relational algebra, together with the corresponding 
rewritings to underlying star schemata [5]. 
5. The mapping of multi-dimensional aggregates to ROLAP 
queries creates a set of view definitions. The materialization 
of these queries would be the optimal solutions in a query- 
only DW with hardly any updates. The direct mapping 
of the enterprise conceptual model to a relational database 
(ODS) would conversely be best for a very update-intensive 
DW. Typical DWs have less extreme usage patterns and 
therefore require a compromise between these two view 
materialization strategies. We demonstrate a combinatorial 
optimization algorithm for solving this problem [4]. 
6. The resulting optimal design is now implemented by data 
integration and reconciliation algorithms again derived from 
the conceptual perspective. The views to be materialized are 
initially defined over the ODS relations; there can be several 
qualitatively different, possibly conflicting ways to actually 
materialize these ODS relations from the existing sources 
which are generated by a further set of rewritings derived 
from steps 1 and 2 [1]. 
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