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Foreword

This thesis deals with the problems of characterizing the semantics of and
assuring efficient execution for database query languages, where the database
contains semistructured and time-varying information. This area of technol-
ogy is of much interest and significance for databases and knowledge bases;
it also presents many challenging research problems deserving an in-depth
investigation. Thus, the topic of Elisa Quintarelli’s dissertation is well chosen
and totally appropriate to the current research trends.

In her thesis, Elisa addresses a number of related problems. However, her
work and contributions concentrate on two main problems. The first is the
definition of an effective graph-based approach to the formalization of query
languages for semistructured and temporal information. In her approach,
query execution is viewed as the process of matching the query graph with
the database instance graph; therefore, query execution reduces to search-
ing the database for subgraphs that are similar to the given query graph.
The search for such matches can be supported through the computational
process of bisimulation. This approach is used to define the semantics of sev-
eral languages, including graphical languages, such as G-Log and GraphLog,
semistructured information languages, such as Lorel, and temporal languages,
such as TSS-QL. Both graph-based approaches and bisimulation had been
used by previous authors for defining query languages and their semantics;
however, this work goes well beyond previous approaches by integrating and
refining these techniques into a flexible and powerful paradigm that Elisa
demonstrates to be effective on a spectrum of languages and a suite of alter-
native semantics.

The second research challenge tackled by Elisa in her thesis is that of
efficient implementation. This is a nontrivial problem since bisimulation can,
in the worst case, incur an exponential time complexity. Her original solution
to this difficult problem consists of modeling graphical queries as formulas of
modal logic and interpreting database instance graphs as Kripke transition
systems. In this way, the problem of solving graphical queries is reduced
to the model-checking problem for which efficient decision algorithms exist.
In particular, the thesis focuses on CTL formulae for which efficient model
checkers are available; this allows Elisa to demonstrate the efficiency of her
proposed approach with experimental results.



VIII  Foreword

In conclusion, the thesis represents an interesting piece of research, char-
acterized by novel contributions and an in-depth expertise on several topics.
Indeed, the author brings together ideas and techniques from different ar-
eas, and displays a solid expertise in computing, in general, and information
systems, in particular. In my role as her advisor I had the privilege to see
Elisa’s growth as a researcher; overall, I am still impressed with the depth and
breadth of her work, the originality of her results, and her research maturity.
Therefore, I am very happy to see that her Ph.D. thesis has been chosen to
be published as a book in these Lecture Notes in Computer Science.

Milan, 10/10/2003 Letizia Tanca



Preface

This book contains the research covered by my Ph.D. Thesis, which was
developed at the Dipartimento di Elettronica of the Politecnico di Milano, in
collaboration with Prof. Agostino Dovier at the Dipartimento di Informatica
of the Universita di Verona.

The main topic of the book is the study of appropriate, flexible and ef-
ficient search techniques for querying semistructured and WWW data, also
taking into account the time dimension.

This work was motivated by the fact that in recent years a lot of attention
has been given by the database research community to the introduction of
methods for representing and querying semistructured data. Roughly speak-
ing, this term is used for data that have no absolute schema fixed in advance,
and whose structure may be irregular or incomplete.

A common example in which semistructured data arise is when data are
stored in sources that do not impose a rigid structure, such as the World
Wide Web, or when they are extracted from multiple heterogeneous sources.
It is evident that an increasing amount of semistructured data is becoming
available to users and, thus, there is a need for Web-enabled applications
to access, query and process heterogeneous or semistructured information,
flexibly dealing with variations in their structure.

This work proposes a formalization to provide suitable graph-based se-
mantics to languages for semistructured data, supporting both data structure
variability and topological similarities between queries and document struc-
tures. A suite of semantics based on the notion of bisimulation is introduced
both at the concrete level (instances) and at the abstract level (schemata)
for a graph-based query language, but the results are general enough to be
adapted to other existing proposals as well. Moreover, complexity results
on the matching techniques, which are required to find a sort of similarity
between a graphical query and a semistructured database, have stimulated
our interest in investigating alternative approaches to solve such graphical
queries on databases. The main idea here is to solve the data retrieval prob-
lem for semistructured data by using techniques and algorithms coming from
the model-checking research field: experimental results are presented in this
work to confirm the possibility of effectively applying the proposed method
based on model-checking algorithms.



X Preface

The book is structured in the following way: Chap. 1 describes the current
scenario, the motivations and the contributions of this work.

Chapter 2 sets the formal content, by presenting G-Log, a graph-based
query language showing a three-level semantics based on the notion of bisim-
ulation; the relationships between instances and schemata are investigated by
using the theory of abstract interpretation, which provides a systematic ap-
proach to guarantee the correctness of operating on schemata with respect to
the corresponding concrete computations on instances. We chose G-Log be-
cause it is a general graphical language that combines the expressive power of
logic, the modeling power of objects, and the representation power of graphs
for instances, schemata and logical inferences (i.e., queries and rules). The
chapter also describes the main features of two well-known query languages,
namely Graph-Log and UnQL, in order to show the applicability and gen-
erality of the proposed study to other SQL-like and graphical languages for
semistructured data.

Chapter 3 describes the novel idea of this work. We propose an approach
to associate a modal logic formula to a graphical query, and to interpret
database instance graphs as Kripke Transition Systems (KTS). In this way,
the problem of finding subgraphs of the database instance graph that match
the query can be performed by using model-checking algorithms. In particu-
lar, we identify a family of graph-based queries that represent CTL formulae.
This is very natural and, as an immediate consequence, an effective procedure
for efficiently querying semistructured databases can be directly implemented
on a model-checker and the query retrieval activity can be performed in poly-
nomial time. In Chap. 3 we focus on a graphical query language very similar
to G-Log: we consider only the main constructs of this language that have
a natural translation into temporal logic, but we emphasize the possibility
of expressing universal conditions in a very compact way. In this chapter we
also show some experimental results that confirm our proposal.

Starting with the potential of the C'TL language for time-based represen-
tation, Chap. 4 extends standard techniques for modeling and accessing static
information in order to model and retrieve temporal aspects of semistructured
data, such as, for example, evolution on simple values contained in semistruc-
tured documents. In particular we present a generic graphical data model
suitable for representing both static and dynamic aspects of semistructured
data, and we introduce a very simple SQL-like query language to compose
temporal inferences. In this chapter we do not extend G-Log because it is
more natural to express temporal conditions with SQL properties; however,
we informally propose the possibility of encoding such properties into graph-
ical queries by adapting the model originally introduced for G-Log in a very
natural way. We show also the fragment of this SQL-like language that can be
translated into the logic CTL, and thus we propose applying model-checking
algorithms to solve temporal queries as well. In the same chapter we con-
centrate our attention not only on the classical notion of the time concept,



Preface XI

as it is deeply known in the database field, but we further investigate the
possibility of considering more than one dynamic aspect of semistructured
data. In particular, we represent with the same data model valid time and
interaction time. The first notion is used to consider the validity of facts in
the represented reality, whereas the second one is related to user browsing
history while navigating Web sites.

Finally, in Chap. 5 we compare this work with others known in the liter-
ature, while Chap. 6 summarizes the main results of the thesis and proposes
further developments of our piece of research.
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