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1 Introduction

The deployment of data warehouses (DWs), which are integrated databases to support
decision making, has become common practice in modern information technology land-
scapes, and the methodical design process for such databases has been advanced signifi-
cantly in recent years. In this context, we are investigating issues concerning the quality of
DW schemata which can be measured and algorithmically enforced via multidimensional
normal forms (MNFs) during conceptual design. So far, however, tool support for DW
design based on MNFs has been missing, a gap which we are about to close.

Compared to traditional database design, DW design poses several new challenges aris-
ing from the fact that DW design has to take a number of pre-existing data sources into
account: On the one hand, DW end-user requirements need to be aligned with the infor-
mation provided by these data sources. On the other hand, the data sources need to be
integrated for analysis purposes based on a multidimensional representation. To address
these challenges, we have previously proposed three MNFs [LV03] that formalize (i) cor-
rectness and completeness of DW schemata with respect to pre-existing data sources, (ii)
avoidance of redundancies, and (iii) context sensitive summarizability in the presence of
null values.

2 About the DWD Demo

We are currently developing and field-testing a tool called Data Warehouse Detective
(DWD) to support the design of normalized data warehouse schemata. A prototypical
version of this tool has been designed and implemented in the course of a project seminar
involving six IS students during summer term 2006. Our demo for this tool consists of the
following three parts.

First, we present how to design a new conceptual DW schema based on an analysis of pre-
existing databases. To this end, DWD imports meta-data — i. e., tables, attributes, keys,
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and foreign keys — of selected databases via ODBC. It then enriches these meta-data
based on an analysis of database instances to detect missing keys, foreign keys, and func-
tional dependencies, i. e., the meta-data which are often not declared properly in practice.
DWD does that by creating and testing hypotheses about candidate constraints. It assumes
that a candidate constraint holds if a systematic check does not exhibit any counterexam-
ples. Afterwards, the designer chooses relevant attributes to populate the forthcoming data
warehouse and, based on the functional dependencies previously recognized, DWD syn-
thesizes multidimensional conceptual DW schemata for these relevant attributes, including
dimension hierarchies, as sketched in [Lec03]. MNFs are used throughout this process to
guarantee that all fact schemata under design really fit the pre-existing databases and to
gain control over optional dimension levels with NULL values, which allows to avoid
summarizability problems and inconsistent queries.

Figure 1: Benchmarking with DWD against MNFs.

Second, we present a benchmarking of existing schemata against multidimensional normal
forms, which is illustrated in the screenshot shown in Fig. 1. The lower part of the screen
shows a hand-made DW fact schema in the banking domain, while the upper part shows
a normalized schema synthesized by DWD based on an analysis of the underlying data
sources. Both schemata represent account balances of individual accounts per day along
with corresponding dimension hierarchies. Benchmarking these schemata, i. e., comparing



the hand-made schema against the normalized one to detect violations of normal forms,
leads to two observations highlighted in red by DWD in the lower schema: First, the
hand-made schema is based on the assumption that regions can be assigned uniquely to
countries, while the underlying data contradicts this assumption with regions that cross
countries, e. g., the Alps. Thus, loading the dimension hierarchies of the lower schema is
doomed to fail. Second, the assignment of the age of customers as a measure in an account
related fact schema leads to redundancies, as the age of a customer will be repeated for
each of his or her accounts. Here, normalization with DWD creates a second fact schema,
reporting all customer related measures including age (not shown in the figure).

Finally, we demonstrate how to verify the consistency of DW schemata in the presence
of (schema) changes in the pre-existing databases. As extracted and enriched database
structures form a major input for DW design with or without DWD, one major chal-
lenge throughout DW projects arises from structural changes in data sources. We have
started to analyze the effect of schema changes, which often lead to DW schema versions,
in [GLRV06]. As an initial step towards analyzing the impact of such changes on DW
schemata, DWD allows to check the consistency of a previously modeled DW schema
with respect to the current state of data sources. The software reports any mismatches
between data sources and DW schemata — e. g., deleted but necessary attributes, new or
missing functional dependencies with an impact on multidimensional layout — and allows
the user to revise the design accordingly.

As mentioned, DWD is currently under field testing in various DW production environ-
ments, where it shows promising performance. More information about DWD is available
at http://www.dw-detective.de/ or directly from the authors.
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