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Preface

This year marks an exciting time in the XML-database space: XQuery is moving
closer to becoming a full W3C Recommendation, and the “Big 3” database
vendors (IBM, Oracle, Microsoft) are expected to release XQuery support in
their relational DBMSs, joining a number of existing open source and commercial
products. Thus, we are very pleased to feature an industrial paper (describing
the XML-specific features of Microsoft SQL Server) as well as 14 research papers.
XSym’s focus this year was on building XML repositories, and papers discussed
the following topics: indexing support for the evaluation of XPath and XQuery;
benchmarks and algorithms for XQuery and XPath evaluation; algorithms for
constraint satisfaction checking, information extraction, and subtree matching;
and applications of XML in information systems.

This year, XSym also coordinated its efforts with the Database and Pro-
gramming Languages Symposium, DBPL 2005. The resulting program included
not only presentations of the papers in this proceedings, but also a joint DBPL-
XSym keynote talk by Giuseppe Castagna, developer of the CDuce language
for XML processing, and a joint panel on open XML research problems and
challenges.

The organizers would like to express their gratitude to the XSym Program
Committee and external reviewers for their efforts in providing very thorough
evaluations of the submitted papers under significant time constraints and to Mi-
crosoft for their sponsorship and for the use of the Microsoft Conference Manage-
ment Toolkit. We would also like to thank Gavin Bierman and Christoph Koch,
the organizers of DBPL, for their efforts and their willingness to coordinate with
us. - X v
These proceedings are dedicated to Alberto Mendelzon who sadly passed
away this year. As a strong supporter of and active contributor to this symposium
series he will always remain in our memory.
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Patterns and Types for Querying XML Documents *

Giuseppe Castagna
CNRS, Ecole Normale Supérieure de Paris, France

In order to manipulate XML data, a programming or query language should provide
some primitives to deconstruct them, in particular to pinpoint and capture some subparts
of the data.

Among various proposals for primitives for deconstructing XML data, two different
and complementary approaches seem to clearly stem from practise: path expressions
(usually XPath paths [7], but also the “dot” navigation of Cw [3]) and regular expression
patterns [13].

Path expressions are navigational primitives that point out where to capture data
substructures. They (and those of Cw, in particular) closely resemble the homonymous
primitives used by OQL [9] in the contexts of OODB query languages with the dif-
ference that instead of sets of objects they return sets or sequences of elements: more
precisely all elements that can be reached following the path at issue. These primitives
are at the basis of standard languages such as XSLT [8] or XQuery [4].

More recently, a new kind of deconstructing primitives was proposed, regular ex-
pression patterns [13], which extend by regular expressions the pattern matching primi-
tive as popularised by functional languages such as ML and Haskell. Regular expression
patterns were first introduced in the XDuce [12] programming language and are becom-
ing more and more popular, since they are being adopted by such quite different lan-
guages as CDuce [1] (a general purpose extension of the XDuce language) and its query
language CQL [2], Xtatic [10] (an extension of C#), Scala [15] (a general purpose Java-
like object-oriented language that compiles into Java bytecode), XHaskell [14] as well
as the extension of Haskell proposed in [5].

The two kinds of primitives are not antagonists, but rather orthogonal and comple-
mentary. Path expressions implement a “vertical” exploration of data as they capture
elements that may be at different depths, while patterns perform a “horizontal” explo-
ration of data since they are able to perform finer grained decomposition on sequences
of elements. The two kinds of primitives are quite useful and they mutually comple-
ment nicely. Therefore, it would seem natural to integrate both of them in a query or
programming language for XML. Despite of that, we are aware of just two works in
which both primitives are embedded (and, yet, loosely coupled): in CQL it is possible
to write select-from-where expressions, where regular expression patterns are applied
in the from clause to sequences that are returned by XPath-like expressions; Gapeyev
and Pierce [11] show how it is possible to use regular expression patterns with an all
match semantics to encode a subset of XPath and plan to use this encoding to add XPath
to the Xtatic programming language.

The reason for the lack of study of the integration of these two primitives may be
due to the fact that each of them is adopted by a different community: regular patterns

* Joint talk with DBPL 2005. Full version available in the Proc. of the /0th Intl. Symp. on
Database Programming Languages, G. Bierman and C. Koch eds., LNCS, Springer, 2005.

S. Bressan et al. (Eds.): XSym 2005, LNCS 3671, pp. 1-3, 2005.
(© Springer-Verlag Berlin Heidelberg 2005



2 Giuseppe Castagna

are almost confined to the programming language community while XPath expressions
are pervasive in the database community.

The goal of this lecture is to give a brief presentation of the regular pattern expres-
sions style together with the type system to which they are tightly connected, that is
the semantic subtyping based type systems [6]. We are not promoting the use of these
to the detriment of path expressions, since we think that the two approaches should be
integrated in the same language and we see in that a great opportunity of collaboration
between the database and the programming languages communities. Since the author
belongs to latter, this lecture tries to describe the pattern approach addressing some
points that should be of interest to the database community as well. In particular, after
a general overview of regular expression patterns and types in which we show how to
embed patterns in a select’ from where expression, we discuss several usages of these
patterns/types, going from the classic use for partial correctness and schema specifica-
tion to the definition of new data iterators, from the specification of efficient run-time
to the definition of logical pattern-specific query optimisations.
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Abstract. Recently, the issue of functional dependencies in XML
(XFDs) have been investigated. In this paper we consider the problem of
checking the satisfaction of an XFD in an XML document. We present
an efficient algorithm for the problem that is linear in the size of the
XML document and linear in the number of XFDs to be checked. Also,
our technique can be easily extended to efficiently incrementally check
XFD satisfaction.

1 Introduction

The eXtensible Markup Language (XML) [5] has recently emerged as a stan-
dard for data representation and interchange on the Internet. While providing
syntactic flexibility, XML provides little semantic content and as a result several
papers have addressed the topic of how to improve the semantic expressiveness of
XML. Among the most important of these approaches has been that of defining
integrity constraints in XML [7]. Several different classes of integrity constraints
for XML have been defined including key constraints [6], path constraints [g],
and inclusion constraints [10, 11] and properties such as axiomatization and sat-
isfiability have been investigated for these constraints. However, one topic that
has been identified as an open problem in XML research [16] and which has
been little investigated is how to extend the oldest and most well studied in-
tegrity constraint in relational databases, namely a functional dependency (FD),
to XML and then how to develop a normalization theory for XML. This problem
is not of just theoretical interest. The theory of FDs and normalization forms
the cornerstone of practical relational database design and the development of a
similar theory for XML will similarly lay the foundation for understanding how
to design XML documents.

Recently, two approaches have been given for defining functional dependen-
cies in XML (called XFDs). The first [1-3], proposed a definition based on the
notion of a ‘tree tuple’ which in turn is based on the total unnesting of a relation
[4]. More recently, we have proposed an alternative ‘closest node’ definition [14],
which is based on paths and path instances that has similarity with the approach
in [6] to defining keys in XML. This relationship between keys as defined in [6]
and XFDs as defined in [14] extends further, as it was shown in [14] that in the
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case of simple paths, keys in XML are a special case of XFDs in the same way
that keys in relational databases are a special case of FDs.

In general, the two approaches to defining XFDs are not comparable since
they treat missing information in the XML document differently and the ap-
proach in [1-3] assumes the existence of a DTD whereas the approach in [14]
does not. Howevever, we have recently shown that [15], in spite of the very differ-
ent approaches used in [1-3] and [14], the two aproaches coincide for a large class
of XML documents. In particular, we have shown that the definitions coincide
for XML documents with no missing information conforming to a nonrecursve,
disjunction free DTD. This class includes XML documents derived from com-
plete relational databases using any ‘non pathological’ mapping. It has also been
shown that in this situation, for mappings from a relation to an XML document
defined by first mapping to a nested relation via an arbitrary sequence of nest
and unnest operations, then followed my a direct mapping to XML, FDs in re-
lations map to XFDs in XML. Hence there is a natural correspondence between
FDs and XFDs.

In this paper we address the problem of developing an efficient algorithm for
checking whether an XML document satisfies a set of XFDs as defined in [14].
We develop an algorithm which requires only one pass of the XML document
and whose running time is linear in the size of the XML document and linear
in the size of the number of XFDs. The algorithm uses an innovative method
based on a multi level extension of extendible hashing. We also investigate the
effect of the size on the number of paths on the L.h.s. of the XFD and show that
the running time is both linear in the number of paths and also increases quite
slowly with the number of paths.

Although the issue of developing checking the satisfaction of ‘tree tuple’
XFDs was not addressed in [1-3], testing satisfaction using the definitions in
[1-3] directly is likely to be quite expensive. This is because there are three
steps involved in the approach of [1-3]. The first is to generate a set of tuples
from the total unnesting of an XML document. This set is likely to be much
larger than the original XML document since unnesting generates all possible
combinations amongst elements. The second step is to generate the set of tree
tuples, since not all tuples generated from the total unnesting are ‘tree tuples’.
This is done by generating a special XML tree (document) from a tuple and
checking if the document so generated is subsumed by the original XML tree
(document). Once again this is likely to be an expensive procedure since it may
require that the number of times the XML document is scanned is the same as
the number of tuples in the total unnesting. In contrast, our method requires
only one scan of the XML document. Finally, the definition in [1-3] requires
scanning the set of tree tuples to check for satisfaction in a manner similar to
ordinary FD satisfaction. This last step is common also to our approach.

The rest of this paper is organized as follows. Section 2 contains some pre-
liminary definitions that we need before defining XFDs. We model an XML
document as a tree as follows. In Section 3 the definition of an XFD is presented
and the essential ideas of our algorithm are presented. Section 4 contains details



