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Introduction

While the amount of data stored in current information systems and the processes making use of such data continuously grow, turning these data into information, and governing both data and processes are still tremendously challenging tasks for Information Technology. The problem is complicated by the
proliferation of data sources and services both within a single organization, and
in cooperating environments.
The following factors contribute explaining why such a proliferation constitutes a major problem with respect to the goal of carrying out effective data
governance tasks:
1. Although the initial design of a collection of data sources and services might
be adequate, corrective maintenance actions tend to re-shape them into a
form that often diverges from the original conceptual structure.
2. It is common practice to change a data source (e.g., a database) so as to adapt
it both to specific application-dependent needs, and to new requirements.
The result is that data sources often become data structures coupled to
a specific application (or, a class of applications), rather than applicationindependent databases.
3. The data stored in different sources and the processes operating over them
tend to be redundant, and mutually inconsistent, mainly because of the lack
of central, coherent and unified coordination of data management tasks.
The result is that information systems of medium and large organizations
are typically structured according to a “sylos”-based architecture, constituted
by several, independent, and distributed data sources, each one serving a specific application. This poses great difficulties with respect to the goal of accessing
data in a unified and coherent way. Analogously, processes relevant to the organizations are often hidden in software applications, and a formal, up-to-date
description of what they do on the data and how they are related with other
processes is often missing.
The introduction of service-oriented architectures is not a solution to this
problem per se, because the fact that data and processes are packed into services
is not sufficient for making the meaning of data and processes explicit. Indeed,
services become other artifacts to document and maintain, adding complexity
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to the governance problem. Analogously, data warehousing techniques and the
separation they advocate between the management of data for the operation
level, and data for the decision level, do not provide solutions to this challenge.
On the contrary, they also add complexity to the system, by replicating data in
different layers of the system, and introducing synchronization processes across
layers.
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The notion of “Ontology-based data management”

All the above observations show that a unified access to data and an effective
governance of processes and services are extremely difficult goals to achieve in
modern information systems. Yet, both are crucial objectives for getting useful
information out of the data stored in the information system, as well as for taking decisions based on them. This explains why organizations spend a great deal
of time and money for the understanding, the governance, the curation, and the
integration of data stored in different sources, and of the processes/services that
operate on them, and why this problem is often cited as a key and costly Information Technology challenge faced by medium and large organizations today [4].
We argue that ontology-based data management (OBDM) is a promising
direction for addressing the above challenges. The key idea of OBDM is to resort
to a three-level architecture, constituted by the ontology, the sources, and the
mapping between the two, where the ontology is a formal description of the
domain of interest, and is the heart of the whole system. In this sense, OBDM
can be seen as a form of information integration, where the usual global schema
is replaced by the conceptual model of the application domain, formulated as an
ontology expressed in a logic-based language. With this approach, the integrated
view that the system provides to information consumers is not merely a data
structure accommodating the various data at the sources, but a semantically
rich description of the relevant concepts in the domain of interest, as well as the
relationships between such concepts.
The distinction between the ontology and the data sources reflects the separation between the conceptual level, the one presented to the client, and the
logical/physical level of the information system, the one stored in the sources,
with the mapping acting as the reconciling structure between the two levels [9].
This sepration brings several potential advantages:
– The ontology layer in the architecture is the obvious mean for pursuing a
declarative approach to information integration, and, more generally, to data
governance. By making the representation of the domain explicit, we gain
re-usability of the acquired knowledge, which is not achieved when the global
schema is simply a unified description of the underlying data sources [6].
– The mapping layer explicitly specifies the relationships between the domain
concepts on the one hand and the data sources on the other hand. Such
a mapping is not only used for the operation of the information system,
but also for documentation purposes. The importance of this aspect clearly
emerges when looking at large organisations where the information about
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data is widespread into separate pieces of documentation that are often difficult to access and rarely conforming to common standards. The ontology and
the corresponding mappings to the data sources provide a common ground
for the documentation of all the data in the organisation, with obvious advantages for the governance and the managament of the information system.
– A third advantage has to do with the extensibility of the system. One criticism that is often raised to data integration is that it requires merging and
integrating the source data in advance, and this merging process can be very
costly. However, the ontology-based approach does not impose to fully integrate the data sources at once. Rather, after building even a rough skeleton
of the domain model, one can incrementally add new data sources or new
elements therein, when they become available, or when needed, thus amortising the cost of integration. Therefore, the overall design can be regarded
as the incremental process of understanding and representing the domain,
the available data sources, and the relationships between them. The goal is
to support the evolution of both the ontology and the mappings in such a
way that the system continues to operate while evolving, along the lines of
”pay-as-you-go” data integration pursed in the research on data-spaces [12].
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Challenges

OBDM is a new paradigm, which provides several interesting features. Many
of them have been already proved effective in managing complex information
systems. On the other hand, several important issues remain open, and constitute
stimulating challenges for the research community. The following is a list of some
of them.
– In OBDM, the client of the information system can interact with the system
by means of an abstract representation of the domain. She can ask queries on
the basis of the concepts of the domain, rather than the structures of the data
sources. By taking into account the ontology and the mappings to the data
sources, the OBDM system is in charge of translating the original query into
a query to be evaluated at the source. How to do this translation correctly
and efficiently is a fascinating research problem. A promising approach is the
one based on rewriting [10], but we have to take into account that whather a
rewriting approach is sound and complete depends on the expressive power
of both the language used to express the ontology [8, 7], and the language to
express the mapping. Also, how to extend query answering to cover the case
of different information system architectures [5], or different data models [11]
is still an issue to be deeply investigated.
– Since the ontology should reflect the conceptual model of the domain, and
not the information at the sources, it is likely that data at the sources are not
fully coherent with the axioms in the ontology. How to design incosistency
tolerant query answering methods is one of the most important challenges
in OBDM. It is interesting to note that this issue is very much related to
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consistent query answering, which has been studied in databases in the last
years [1].
– Although in classical data integration the main service to be delivered by the
system is query answering, the OBDM should also provide the client with
other functionalities. One important functionality is the update, that should
be offered as a service [3] in an OBDM system. Analogously to queries,
in OBDM, updates should be expressed at the level of the ontology, and
this poses two main challenges. The first challenge is to define a convincing
semantics of the update operations [13]. The second challenge is to design
the OBDM system in such a way that the update request is translated into
appropriate updates on the source data. How to do this translation is largely
open, and has strong connections to the view-update problem in database [2].
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