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1. INTRODUCTION
The Logic in Databases (LID’08) workshop was held at the
DIS department of “La Sapienza” university, Rome, Italy,
between May 19-20, 2008.

LID’08 was established as a forum for bringing together re-
searchers and practitioners, from the academia and the in-
dustry, who are focusing on all logical aspects of data man-
agement.

LID’08 was a confluence of three successful past events:

• LID’96, an international workshop on Logic in Databases,
which LID’08 derives its name from;

• IIDB’06, an international workshop on Inconsistency
and Incompleteness in Databases;

• LAAIC’06, an international workshop on Logical As-
pects and Applications of Integrity Constraints.

In order to guarantee its continuity, a Steering Committee,
chaired by Georg Gottlob, was founded; its members are An-
drea Cal̀ı, Jan Chomicki, Henning Christiansen, Laks V.S.
Lakshmanan, Davide Martinenghi, Dino Pedreschi, Jef Wi-
jsen, and Carlo Zaniolo.

This workshop was organized by Andrea Cal̀ı, Laks V.S.
Lakshmanan, and Davide Martinenghi; it attracted 18 pa-
per submissions out of which 7 were selected for long pre-
sentation and 6 for short presentation at the workshop; the
workshop attracted around 50 registered participants. De-
tails and presentations are available at the workshop Web
site: http://conferenze.dei.polimi.it/lid2008/.

2. WORKSHOP AIMS AND CONTENTS
Ever since Codd’s Relational Model, logic has played a ma-
jor role in the field of databases. The significance and im-
pact of this role have grown stronger over the years as data
management research marched through many a data model,
with logic keeping up and providing the foundations every
step of the way. Some of the latest additions to this long list
of models are XML, Semantic Web, Probabilistic Relational
models, integrated model of DB+IR, data integration mod-
els, and models of unclean data to name a few. For some
of these, corresponding logics already exist or are being ex-
plored. The significance of logic’s role for data management
will continue regardless of the data model.

Logic is a fundamental tool for understanding and analyz-
ing several aspects of data management, as Georg Gott-
lob (University of Oxford) said during his opening remarks.
The three keynote presentations, “Changing the Instance
Level of Ontologies: A Logic Approach” by Maurizio Lenz-
erini, “From Consistent Query Answering to Query Rewrit-
ing: A Detour around Answer Set Programs” by Leopoldo
Bertossi, and “Databases Meet Verification: What do we
have in common, and how can we help each other?” by
Leonid Libkin, represented well some of the most promis-
ing areas of research that emerged during the workshop.
Among these, we mention new perspectives on data integra-
tion (P2P, ontology-based, etc.), algebraic characterizations
of languages, inconsistency and incompleteness in databases
(approximation, tolerance, repairs), query rewriting tech-
niques for advanced query processing, characterizations of
tractable fragments of languages for XML processing and
their use, indexing techniques. In the next sections we sum-
marize the relevant research problems and trends that were
identified during the workshop, and organize them in three
macro-areas corresponding to the sessions that were held
during the workshop: advanced query processing, incom-
pleteness and inconsistency, and semi-structured data.

3. ADVANCED QUERY PROCESSING
Processing queries is the ultimate task in information sys-
tems that integrate several data sources [35]. This problem
can be often reformulated as the one of answering queries
under constraints, in the presence of incomplete informa-
tion [47]; it has been addressed by several authors in the
literature, who have considered standard and less-standard
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database constraints, for instance, inclusion dependencies,
functional dependencies, tuple-generating and equality-generating
dependencies. At the same time, Description Logics (DLs) [5]
seem to be a natural candidate as a constraint languages for
representing possibly incomplete information residing at dif-
ferent sources, as well as being a suitable language for several
applications in the Semantic Web. Conjunctive query rewrit-
ing under DL-constraints has been considered in [13] for the
tractable DL-Lite family of DLs; query rewriting consists of
rewriting a given query into another one that encodes in-
formation about the constraints; then, the evaluation of the
latter on the data returns the correct answer to the former
with respect to the constraints. The paper [43] deals with
answering queries on databases that are incomplete with re-
spect to a knowledge base expressed in Description Logics.
The authors here consider the description logic ELHIO− to
express constraints; such formalism is capable of expressing
several description logics in the DL-Lite and the EL fam-
ily. In the paper, a general query rewriting technique is
presented, that shows that the query answering problem is
PTime-complete in data complexity, i.e., considering as in-
put only the data. The result extends to the aforementioned
description logics captured by ELHIO−, being worst-case
optimal at the same time for all of them.

In a peer-to-peer setting, several peer nodes store informa-
tion, and each peer provides answers to queries posed in
a shared language based on its locally stored data and by
querying other peers; semantic mappings specify the cor-
respondence among data at di!erent peers. Works in the
literature address the problem of peer-based information
integration by adopting epistemic logic to account for the
modular nature of peer information sharing in peer-to-peer
systems [14]. The paper [48] points out that such works
consider the information residing at a peer as facts with re-
spect to possible worlds that the peer can access. Therefore,
the problem of dealing with conflicting information between
peers arises in this approach; while some works propose the
notion of repair of inconsistent data, the problem has been
so far addressed by proposing a normative strategy for all
peers. [48] instead proposes a more general way of modelling
peer knowledge, in particular, by separating knowledge of
statements from knowledge of facts. This approach is called
doxastic from the Greek δóξα (opinion), and allows for a
variety of strategies for integrating information in a peer-to-
peer environment. The authors set up a formal framework
for the doxastic approach to peer-based information integra-
tion, where each peer combines its direct knowledge with the
indirect knowledge at other peers, and related to the one at
the peer by means of the mapping assertions. The proposed
approach is highly flexible and allows for a consistent, inte-
grated account of the knowledge gathered from other peers
and a peer’s own knowledge; in particular, this formaliza-
tion overcomes the limitations of current approaches such
as transfer [36] or routing [38].

K-relations [33] are relations where a value belonging to
a semiring is assigned to each tuple. K-relations are able
to model bag and set semantics in the standard relational
model, imcomplete databases, and probabilistic data. In
K-relations, common operations on tuples are represented
by operations in the semiring. In [30] the authors first
present di!erent extensions of the positive relational algebra

on K-relations, showing additional conditions required by
the corresponding semirings. Then, they extend the prove-
nance semiring found in the literature, so as to record the
provenance of results of queries in the aforementioned ex-
tended relational algebras. Finally, they extend the notion
of BP-completeness [42], which is language-independent, to
K-relations, determining which of the introduced extended
languages are BP-complete, depending on the properties of
the corresponding semiring.

In certain settings, preferences on objects (or tuples) are
relevant [34]. Sometimes, in making a decision based on
relational data, a user has to consider properties of sets of
objects, and expresses preferences over such sets [9]. The pa-
per [50] focuses on set preferences, and considers two main
components: (1) profiles, which are collections of features,
each of which representing a quantity of interest; (2) profile
preference relations, which specify values or orders. The
preferences are defined over sets that have all the same,
fixed cardinality. A feature, in particular, is a function
A : k-subsets(r) → U , where k-subsets(r) is the set of all sub-
sets of cardinality k of tuples of relation r, and U is either the
set of rational numbers or uninterpreted constants. A profile
relation can be specified as a set {〈A1(s), . . . ,Am(s)〉 | s ∈
k-subsets(r)}, where A1(s), . . . ,Am(s) are features. Profile-
based set preferences on r are then expressed by ordering
tuples in a profile relation. In [50], the authors present a
heuristic algorithm for computing the “best” sets.

4. INCOMPLETENESS AND INCONSISTENCY
A database instance is said to be inconsistent if it does not
satisfy its integrity constraints (ICs). Inconsistent databases
arise in a variety of contexts and for di!erent reasons, e.g.,
in data warehousing of heterogeneous data obeying di!er-
ent integrity constraints or for lack of support for particular
integrity constraints. Two di!erent approaches to incon-
sistency were given particular emphasis during the session:
database repairs and consistent query answering (CQA) [3].

Database repairs provide a framework for coping with incon-
sistent databases in a principled way. Informally, a repair
is a new instance D′ obtained from the initial database D
such that D′ satisfies the ICs and D′ di!ers from D in a
minimal way. Several di!erent types of repairs have been
considered: subset-repairs; ⊕-repairs (symmetric-di!erence-
repairs); cardinality-based repairs; attribute-based repairs.
A tuple t is then a consistent answer to a query q in D if t
is an answer to q in every repair D′ of D.

The CQA problem (finding all consistent answers to a query)
has traditionally been tackled by query rewriting based on
a fixpoint operator T ω: given a query q, find q′ such that
the answers to q′ in D are the consistent answers to q in
D. However, the T ω rewriting approach has limitations and
does not work for full first-order queries and ICs.

An alternative view to the described model-theoretic defini-
tion of consistent answer consists in representing the class
of all database repairs in a compact form by using disjunc-
tive logic programs (DLP) with stable model semantics [31],
a.k.a. Answer Set Programs [20]. Repairs correspond then to
distinguished models of the program. An ASP-based spec-
ification of repairs and consistent answers as consequences
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from a program provide a sort of (non-classical) logic for
CQA, with the advantage that DLP is a general method-
ology that, unlike previous approaches, works for universal
ICs, referential ICs, and general FO queries. However, in-
stead of completely computing all the stable models, it is
preferable to try to generate “partial” repairs to optimize
the access to the DB [25, 40].

It is pointed out in [1] that, although it underlies CQA, the
repair checking problem (i.e., given D, the ICs, and D′, tell
whether D′ is a repair of D w.r.t. the ICs) has received
less attention than CQA so far. It is therefore advocated
to embark on a systematic investigation of the algorithmic
aspects of the repair checking problem, by studying classes
of integrity constraints that have been considered in infor-
mation integration and data exchange. This leads to the
study of subset-repairs and ⊕-repairs, and to the introduc-
tion of the new CC-repairs (component-cardinality repairs),
a new type of cardinality-based repairs that have a Pareto-
optimality character. Several complexity results are known
both for CQA and for repair checking [16, 29, 4, 12, 10],
and new results are presented in [1], with particular atten-
tion to weakly acyclic sets of tuple-generating dependencies.
The DLP approach and the traditional CQA approach often
coincide, but, for some classes of queries and ICs, CQA has
a lower complexity. This aspect should be investigated fur-
ther. New avenues of research are opened by the use of the
ASP-based logic for CQA. For example, the new problem of
CQA under updates could be analyzed by taking advantage
of results about updates of logic programs. Also, known
rewritings for CQA (such as those given by T ω in [3]) as
well as new ones can be obtained by using first-order speci-
fication of repairs via elimination of SO quantifiers [41] and
subsequent application of Ackermann’s lemma.

CQA has also been applied to database histories (i.e., fi-
nite sequences of states) under primary keys. Histories can
be represented by words. In particular, in [21], violations
of key constraints in a database history are be modeled by
multiwords, which are a compact representation of sets of
possible words. Questions on multiwords suitably charac-
terize queries on database histories; if words are also al-
lowed to contain variables, i.e., placeholders for constants,
larger classes of queries can be captured. Similarly to the
notion of certain answer, a word w is certainly contained in
a multiword M if w is a sub-word of every possible word
in M . The problem at stake here is to characterize the
language CERTAIN (w), defined as the set of multiwords
that certainly contain w. Results on complexity, regularity
and FO-definability of CERTAIN (w) have been presented.
Among the open questions, [21] presents a conjecture that
CERTAIN (w) is FO-definable if w is variable-free, and dis-
cusses the need for a syntactic characterization of the words
v for which CERTAIN (v) is FO-definable.

Inconsistency in databases can also be tackled in a more le-
nient way that tolerates the presence of IC violations rather
than trying to repair them. The paper [22] classifies sev-
eral methods of checking integrity with respect to so-called
inconsistency tolerance, a notion that has been gaining mo-
mentum [8]. Among the aforementioned methods, a new
one has emerged that tries to apply the principle of incon-
sistency tolerance to those tools that are actually used to

prevent inconsistency from sneaking in after an update, i.e.,
integrity checking methods [23]. Traditional methods are ca-
pable of incrementally checking integrity by assuming that
the initial database state fully satisfies the ICs. Many such
methods have been shown to be inconsistency-tolerant, and
can thus be applied also to inconsistent databases; in this
case, they can be used to guarantee that an update will
not introduce new inconsistency. Doors are open to com-
bine inconsistency-tolerant integrity checking with Knowl-
edge Assimilation, Semantic Query Optimization, CQA, and
Inconsistency Measuring [24].

Data are naturally characterized as incomplete in several
contexts, for instance when data from di!erent sources are
integrated. In an arbitrary relational database, the Closed
World Assumption (CWA) tags as false all those tuples
that are not in the database; however, the CWA is not
the correct approach when the database is incomplete. The
Open-World Assumption (OWA), common in data integra-
tion systems, assumes that the world can be in any state
in which all database atoms are true. The OWA is of-
ten too incomplete and underestimates the knowledge in a
database, as pointed out in [17]. A compromise between
CWA and OWA should better identify those parts of the
database that are complete. For example, we may assume
that the database of the computer science department knows
all the telephone numbers of people working there; complete
knowledge may not hold for other kinds of facts. Di!er-
ent approaches exist to specify that the database is par-
tially complete, e.g., the Local Closed-World Assumption
(LCWA) [37, 18]. Tractable methods based on fixpoint tech-
niques for finding under-approximations of certain answers
and over-approximations of possible answers are discussed
in [17]. Ongoing work in the field includes i) refinements of
the class of LCWA for which the query answering methods
are complete, and ii) integration of integrity constraints and
views into the techniques.

In the setting of incomplete data with an underlying schema,
techniques have been developed to directly query the data
through the schema. Lately, particular attention has been
devoted to a practically relevant extension of the ER model
known as Extended Entity-Relationship (EER) model [11],
which can be translated to suitable logic programs and queried.
This context has been regarded from a di!erent perspec-
tive in [2]: support (EER) design activity via automated
snapshot generation where a formal validation would not
be easily available. In particular, in [2] it is shown that,
given an EER schema, this can be translated in a way that
allows generating small informative example instances for
the schema, based on the recent notion of Informative Arm-
strong database [39]. This provides information about the
structure of the database by letting the user inspect a suit-
ably small instance that satisfies all the constraints implied
by the schema.

5. SEMI-STRUCTURED DATA
Semi-structured data have been playing an important role
for several years both in academia and in industry. Several
e!orts have been done to “export” database operations from
the well-established relational database world to semistruc-
tured data, in particular in the XML format. XML is be-
coming a standard language for semistructured data, and
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several formalisms are emerging for querying XML, and for
expressing integrity constraints on XML data. An XML
document can be seen as a labeled tree with a finite num-
ber of nodes. The W3C Resource Description Framework
(RDF) represents data in the form of triples, by flatten-
ing the hierarchy between objects and relationships among
them; therefore, it also blurs the distinction between data
and metadata. Querying RDF is a topic of practical rele-
vance that has raised significant interest.

The paper [6] addresses XPath, a language for navigating
XML documents, and investigates some of its foundational
aspects. Core XPath, previously introduced by Gottlob and
Koch [32], captures the navigational core of XPath 1.0. A
complete axiomatization is a set of valid equivalence schemes
between XPath expressions, such that every equivalence is
derivable from those in the set by repeatedly applying the
equivalences; axiomatizations of XPath fragments have been
proposed in the past [7, 46]. As shown in [6], it is possible to
have an axiomatization for the single-axis fragments of Core
XPath, both for node and path expressions. Another ax-
iomatization is presented for the full language Core XPath,
which however is non-orthodox, i.e., it requires an additional
inference rule that has extra syntactic conditions. This sets
the basis for XPath query optimization, where equivalent
but more e"cient queries are to be determined.

Constraints in XML are important to specify characteris-
tics of documents in a specific application domain. Con-
straints can be classified into structured and data value con-
straints [26]. Regular XPath (RXPath), introduced in [15],
is a novel language for both expressing XML structural con-
straints and to express queries over XML trees. Regular
XPath is derived from XPath, in particular by extending
XPath with nominals and binary relations on XML nodes
that are expressed as two-way regular expressions over XPath
axes. Nominals denote a single node in an XML docu-
ment, similarly to the ID XML construct. It can be shown
that satisfiability of RXPath constraints can be reduced to
reasoning in Repeat-Converse-Deterministic PDL; however,
the reduction is of little practical use, due to the poor e"-
ciency of reasoners in Repeat-Converse-Deterministic PDL.
The work [15] presents therefore a direct exptime decision
algorithm for the problem; the algorithm is based on check-
ing emptiness of two-way alternating automata on finite
trees [19]. The technique is shown to be practically applica-
ble, since it can be implemented symbolically, based on Bi-
nary Decision Diagrams. Moreover, query containment and
view-based query answering in the language RXPath can
both be reduced to the aforementioned satisfiability check-
ing problem.

Often, potentially large sets of XML documents can have a
compact representation in terms of a finite tree automaton,
which serves as a schema. In such cases, evaluating a query
usually assumes that the documents all satisfy the schema;
in case the evaluation is made on a document that instead
does not satisfy the schema, results can be incorrect. Similar
to what is done in relational databases, a notion of repair can
be adopted here (see, e.g., [3] and Section 4, and also [27] in
the XML context): an answer is consistent if it is an answer
to the query in all repairs. It can be shown that, also in this
setting, the set of repairs admits a compact representation

in terms of a finite, weighted tree automaton [45]. Together
with universal answers (the aforementioned consistent an-
swers), existential answers are treated, which correspond to
possible answers (that are answers to the query in at least
one repair). In the work [45], a thorough study on the com-
plexity of evaluating universal and existential answers is car-
ried out.

Query processing on RDF data can benefit from research
on data modeling with ternary relations, which was very
early recognized as an important tool in logic. SPARQL is
the W3C recommended language for querying RDF triple
stores. As shown in [28], at the core of SPARQL stands
a small logic, called BGP (Basic Graph Pattern). BGP is
suitable for extracting subsets of related nodes in an RDF
graph. The optimization of SPARQL query evaluation can
take advantage of a fundamental investigation on BGP. The
work [28] presents an algebraization of BGP and introduces
the basis for the development of structural indexes for RDF,
with the aim of speeding up query processing (see, e.g., [44,
49]).
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