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Abstract

In this short paper we will briefly introduce a Data Ware-
house Conceptual Data Model, which gracefully extends the
standard Entity-Relationship (ER) conceptual data model
with multi-dimensional aggregated entities. The conceptual
data model has a clear model-theoretic semantics grounded
on the extension of the standard ER semantics with the
GMD logic-based multi-dimensional data model.

The goal of the work presented here is to extend the
standard ER conceptual data model, as defined in the
database textbooks, with constructs which allow the mod-
elling of multi-dimensional aggregated entities together
with their interrelationships with the other parts of the con-
ceptual schema. An important aspect is that a formal
model-theoretic semantics is given to the resulting con-
ceptual data model, by combining the well known first
order semantics of standard ER—as described, for exam-
ple, by [2]—with the model-theoretic semantics of the
GMD logical data model for multi-dimensional informa-
tion [5, 6]. This work is also based on a similar preliminary
work done by one author on the use of Description Log-
ics as a mean to give precise semantics to a data warehouse
conceptual data model and to study its computational prop-
erties [8]. In this short paper we do not present any formal
aspect of the conceptual data model, but we only intro-
duce it by means of an example.

The conceptual data model we have obtained is ex-
emplified in this short paper in Figure 1. A basic multi-
dimensional entity such asCalls is described in the diagram
of the figure using a standard star schema—i.e., it is rep-
resented by means of a weak entity with respect to its di-
mensions. In this example, this basic multi-dimensional en-
tity may be useful for analysing the nature of telephone calls
by considering, among others, the dimensions related to the
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origin and the destination of the calls with respect to the
type of the phone point (associated to consumer or busi-
ness customers). So, the entityCalls represents a basic cube
whose dimensions areDate, Destination, Source, which are
restricted to the basic levelsDay, Point, and againPoint, re-
spectively. This part of the diagram makes still use of stan-
dard constructs.

A first extension of the language can be seen with
the simple aggregated entities—i.e., non-dimensional
aggregations—Weekdayand Customertype, which repre-
sent dimensional levels built from the basic dimensional
entities Day and Point, respectively. A simple aggrega-
tions aggregate the collections of objects that are in the
extension of the aggregated entities. So, in our exam-
ple, since the entitiesMon, . . ., Sunform a partition of the
entity Day, the Weekdayentity denotes exactly seven ob-
jects, one for all the Mondays, one for all the Tuesdays,
etc. On the other hand, the aggregated entityCustomer-
type denotes exactly two objects, one aggregating all
consumer phone points, and the other aggregating all busi-
ness phone points. In this way, by interleaving partitioning
and simple aggregations, we are able to constructlevel hi-
erarchies starting from some basic dimensional level.
Obvious functional dependencies exist among the lev-
els of a hierarchy, as analysed by [9].

A second extension of the language is themulti-
dimensional aggregated entity, exemplified in Figure 1 by
the entity Calls-by-Weekday-and-Customertype. This en-
tity denotes all the cells of a cube whose coordinates
are the weekdays of the date of the calls, and the cus-
tomer types of the originators of the calls. All the nec-
essary constraints that should hold for such an entity
as a cube hold, enforced by theGMD-based seman-
tics given to this extension [5, 6]. A multi-dimensional ag-
gregated entity is an entity itself in the ER diagram, and
it can have attributes and can be part of further relation-
ships or constraints.

The i.com tool [4, 7, 13] fully implements
the extended conceptual data model briefly intro-
duced here, and it is available online at the pub-
lic web address http://www.inf.unibz.it/
˜franconi/icom/ . i.com allows for the specifi-
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Figure 1. A Data Warehouse Conceptual Schema

cation of multiple extended EER (or UML) diagrams
together with a rich set of inter- and intra-schema con-
straints. Complete logical reasoning is employed by the
tool using an underlying description logic inference en-
gine to verify the specification, infer implicit facts and
stricter constraints, and manifest any inconsistencies dur-
ing the conceptual modelling phase. A tutorial is available
online.
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