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ABSTRACT
Integrity constraints are semantic conditions that a database should satisfy in order to be an appro-
priate model of external reality. In practice, and for many reasons, a database may not satisfy those
integrity constraints, and for that reason it is said to be inconsistent. However, and most likely a

After having provided a formal characterization of consistent data in an inconsistent database, the
natural problem emerges of extracting that semantically correct data, as query answers.

The consistent data in an inconsistent database is usually characterized as the data that persists
across all the database instances that are consistent and minimally differ from the inconsistent
instance. Those are the so-called repairs of the database. In particular, the consistent answers to a
query posed to the inconsistent database are those answers that can be simultaneously obtained from
all the database repairs.

As expected, the notion of repair requires an adequate notion of distance that allows for the
comparison of databases with respect to how much they differ from the inconsistent instance. O

In this monograph we present and discuss these fundamental concepts, different repair seman-
tics, algorithms for computing consistent answers to queries, and also complexity-theoretic results
related to the computation of repairs and doing consistent query answering.

KEYWORDS
integrity constraints, inconsistent databases, database repairs, consistent query answer-
ing, data cleaning

large portion of the database is still semantically correct, in a sense that has to be made precise.

this basis, the minimality condition on repairs can be properly formulated.
n
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Preface
A common assumption in data management is that databases can be kept consistent, that is, satisfying
certain desirable integrity constraints (ICs). This is usually achieved by means of built-in support
provided by database management systems. They allow for the maintenance of limited classes of ICs
that can be declared together with the database schema. Another possibility is the use of triggers
or active rules that are created by the user and stored in the database. They react to updates of the
database by notifying a violation of an IC, rejecting a violating update, or compensating the update
with additional updates that restore consistency. Another common alternative consists of keeping
the ICs satisfied through the application programs that access and modify the database, i.e., from
the transactional side.

However, under different circumstances and for several reasons, databases may be or may
become inconsistent. For example, ICs that are expensive to check and maintain, enforcement or
simple consideration of new or user ICs, imposition of a new semantics on legacy data, the creation
of a repository of integrated data, etc. Confronted to the possible or potential inconsistency of a
database, we may decide to live with this inconsistency, but trying to access, retrieve and use the
portion of data that is still consistent with respect to the ICs under consideration.

Consistent query answering (CQA) [Arenas et al., 1999] emerged from this attitude towards
inconsistency and the need to do semantically correct data management, in particular, query answer-
ing, in the presence of inconsistency.This required a precise, formal characterization of the consistent
data in a possibly inconsistent database, and also the development of computational mechanisms for
retrieving the consistent data, e.g., at query answering time.

The characterization of consistent data, as first proposed by Arenas et al. [1999], appeals
to the auxiliary notion of database repair. This is a new database instance that is consistent with
respect to the ICs, and minimally differs from the inconsistent database at hand. Consistent data is
invariant under the class of possible repairs. Since their official inception, CQA has received much
attention from the research community in data management. The main problems mentioned above,
i.e., characterization of consistent data and the development of efficient algorithms, have been largely
explored. The former under different notions of repair (and distance between instances), and the
latter, considering all kinds of combinations of classes of ICs and queries, including complexity-
theoretic issues.

In this monograph we introduce the motivation, the main concepts and techniques, and
also the main research problems that appear behind and around database repairs and CQA. Much
research has been produced and published in the last 12 years. It would be impossible to give
a detailed account of it in a rather short monograph like this. As a consequence, the treatment
of most of the topics and research results is kept rather intuitive and superficial, but hopefully still
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precise enough. We have preferred illustrative and representative examples to full proofs of theorems.
However, we have provided abundant references to the publications where those results can be found
in full detail, and much more. Some surveys of the area have been published before [Bertossi, 2006,
Bertossi and Chomicki, 2003, Chomicki, 2007].

This monograph concentrates on CQA and database repairs in/for single relational databases.
As a consequence, some topics in CQA and repairs for other data models have been omitted. Some
of them are mentioned below.

Consistent query answering and repairs for XML databases have been considered by
Flesca et al. [2005a,b] and Staworko and Chomicki [2006].The same problems in multidimensional
databases (MDDBs), but with semantic constraints like homogeneity and strictness, have been con-
sidered by Bertossi et al. [2009], Bravo et al. [2010] and Ariyan and Bertossi [2011], on the basis
of the Hurtado-Mendelzon model for MDDBs [Hurtado and Mendelzon, 2002]. And for spatial
databases, by Rodriguez et al. [2008, 2011].

Consistent query answering and database repairs has been applied in virtual data integration
systems that are subject to global integrity constraints [Bertossi and Bravo,2004b,Bravo and Bertossi,
2003, 2005].They have also played an important role in peer data exchange systems that exchange data
at query answering time when certain data exchange constraints between peers are violated. In conse-
quence, inconsistency is the driving force behind data movement between peers [Bertossi and Bravo,
2004a, 2007, 2008].

We are not presenting here research on probabilistic representation of repairs or repairs in
probabilistic databases [Andritsos et al., 2006, Lian et al., 2010] (except for general remarks in Section
6.2.1).

Leopoldo Bertossi
August 2011
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