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Preface

This volume contains a selection of papers presented at the 15th International
Conference on Applications of Declarative Programming and Knowledge Man-
agement, INAP 2004, and the 18th Workshop on Logic Programming, WLP
2004, which were held jointly in Potsdam, Germany, from March 4th to 6th,
2004.

Declarative programming is an advanced paradigm for the modeling and
solving of complex problems. This specification method has become more and
more attractive in recent years, for example, in the domains of databases, for the
processing of natural language, for the modeling and processing of combinatorial
problems, and for establishing knowledge-based systems for the Web.

The INAP conferences provide a forum for intensive discussions of applica-
tions of important technologies around logic programming, constraint problem
solving, and closely related advanced software. They comprehensively cover the
impact of programmable logic solvers in the Internet society, its underlying tech-
nologies, and leading-edge applications in industry, commerce, government, and
social services.

The Workshops on Logic Programming are the annual meeting of the Society
for Logic Programming (GLP e.V.). They bring together researchers interested
in logic programming, constraint programming, and related areas like databases
and artificial intelligence. Previous workshops have been held in Germany, Aus-
tria, and Switzerland.

The topics of the selected papers of this year’s joint conference concentrate on
three currently important fields: knowledge management and decision support,
constraint programming and constraint solving, and declarative programming
and Web-based systems.

During the last couple of years a lot of research has been conducted on the use
of declarative programming for the management of knowledge-based systems and
for decision support. Reasoning about knowledge wrapped in rules, databases,
or the Web allows us to explore interesting hidden knowledge. Declarative tech-
niques for the transformation, deduction, induction, visualization, or querying
of knowledge, or data mining techniques for exploring knowledge have the ad-
vantage of high transparency and better maintainability compared to procedural
approaches.

The problem when using knowledge to find solutions for large industrial tasks
is that these problems have an exponential complexity, which normally prohibits
the fast generation of exact solutions. One method that has made substantial
progress over the last few years is the constraint programming paradigm. The
declarative nature of this paradigm offers significant advantages for software en-
gineering both in the implementation and in the maintenance phases. Different
interesting aspects are in discussion: how can this paradigm be improved or com-
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bined with known, classical methods; how can practical problems be modelled
as constraint problems; and what are the experiences of applications in really
large industrial planning and simulation tasks?

An emerging topic in knowledge management is the use of the World Wide
Web to distribute, store, and use knowledge. This spans vision, technology,
and the application of non-monolithic cooperating Web-based systems. With
respect to declarative programming, representation languages, transformation,
and search procedures are of interest, and they are easily adaptable to the fast-
changing content and structure of the Web, for example, in W3C Web services
and queries. Other aspects are commercial Web-based consulting or the use of
the Web as a platform for concurrent engineering or program development for
effective distributed collaborative design.

The two conferences INAP 2004 and WLP 2004 were jointly organized at the
University of Potsdam, Germany by the following institutions: the Society for
Logic Programming (GLP e.V.), the Hasso Plattner Institute for Software Sys-
tems Engineering (HPI), and the Fraunhofer Institute for Computer Architecture
and Software Technology (FhG FIRsT). We would like to thank all authors who
submitted papers and all conference participants for the fruitful discussions. We
are grateful to the members of the Program Committee and the external referees
for their timely expertise in carefully reviewing the papers, and we would like to
express our thanks to the Hasso Plattner Institute for hosting the conference at
the modern campus in the traditional atmosphere of Potsdam.

December 2004 Dietmar Seipel, Michael Hanus,
Ulrich Geske, Oskar Bartenstein
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Optimizing the Evaluation of XPath
Using Description Logics

Peter Baumgartner!», Ulrich Furbach!, Margret Gross-Hardt!,
and Thomas Kleemann'

1 Institut fiir Informatik, Universitit Koblenz-Landau, D-56070 Koblenz, Germany
2 Max-Planck-Institut fiir Informatik, D-66123 Saarbriicken
{peter, uli, margret, tomkl }@uni-koblenz.de

Abstract. The growing use of XML in commercial as well as non-commercial
domains to transport information poses new challenges to concepts to access
this information. Common ways to access parts of a document use XPath-
expressions. We provide a transformation of DTDs into a knowledge base in
Description Logic. We use reasoning capabilities grounded in description logics
to decide if a given XPath can be satisfied by a document, and to guide the
search of XML-Processors into possibly successful branches of the document,
thus avoiding parts of the document that will not yield results. The extension
towards object oriented subclassing schemes opens this approach towards
OODB-queries. In contrast to other approaches we do not use any kind of graph
representing the document structure, and no steps towards incorporation of the
XML/OODB-processor itself will be taken.

Keywords: XML, XPath, Description Logics, automated reasoning, DTD,
Schema.

1 Introduction

Within a short period of time XML has become a widely accepted standard for informa-
tion interchange. Starting as a subset of SGML to transport structured text, the ease of
understanding and using XML has promoted its use as an interchange format of rather
large documents. This evolution has created the needs for a validation of documents
against an according definition. Most common and basic validation is accomplished by
XML-processors referring to a Document Type Definition (DTD). A DTD defines the
structure of elements in the document, that references the DTD. We will detail the terms
element and structure in the following chapters.

Beyond the need to validate data, several attempts have been made or are currently
made to access parts of a document. One common idea in these attempts is the access
of parts of a document following a path from its root to some subtrees. In general, these
paths are not specified completely from the root to the subtree, but leave unspecified
gaps to be filled by the XML query processor. Usually XML processors have to traverse
the whole document tree to find instances of the specified parts of a path.

Based on DTD and XPath expressions we will provide a way to optimize this traver-
sal. Actually, a XPath expression may be seen as a pattern that describes certain subtrees

D. Seipel et al. (Eds.): INAP/WLP 2004, LNAI 3392, pp. 1-15, 2005.
© Springer-Verlag Berlin Heidelberg 2005



2 P. Baumgartner et al.

of the complete document. As already mentioned, current processors traverse the com-
plete document in order to determine the appropriate subtrees. Instead, our goal is to
follow only those parts that may result in desired data, but omit those paths that are
guaranteed to fail. The idea is to exploit structural knowledge in order to determine
the relevant parts of a document for a certain query. This allows to enhance other ap-
proaches based on indexing techniques in query processing. To this aim, we translate
the DTD into a set of description logics (DL) formulae and the XPath query into a
query in a logical representation. Questions about the satisfiability of a XPath in a doc-
ument will be answered as well as queries of the starting element of subtrees, which
may contain fillers for the path specification.

Recently, XML Schema [14] has evolved as a successor of DTDs. Basically, XML
Schema addresses some shortcomings of DTDs; in particular XML Schema supports
besides others user defined types and some aspects of object orientation. We will show
the compatibility of our translation and reasoning with these sorts of object oriented
extensions. This opens our approach towards the use of path completion techniques in
object oriented databases as well as schema-based definitions of XML documents.

2 XML Documents

Starting as a specialisation of the Standard Generalized Markup Language (SGML) the
eXtensible Markup Language (XML) was supposed to provide a better way of docu-
ment markup than the widespread HyperText Markup Language (HTML). The norma-
tive definition of XML is available from the W3C [6]. In contrast to the fixed markup
and its interpretation of HTML, the XML approach offers a standardized way to markup
arbitrary documents. This may include redefined HTML documents but is not limited
to this application.

A XML document consists of a prologue and an element, optionally followed by
miscellaneous comments and processing instructions, that are not in the scope of this
paper. An element is either an empty element or a sequence of a starting tag followed
by content and an ending tag. Taken from [6]:

(1] document ::= prolog element Misc*
[39] element ::= EmptyElemTag | STag content Etag
[40] STag := ’<’ Name Attribute* >’
[41] Attribute = Name =’ Attvalue
[42) ETag := ’</ Name’>’
[43] content = CharData? ((element | Reference | CDSect | PI |
Comment) CharData?)*
[44] EmptyElemTag := ’<’ Name Attribute* />’

Content by itself may again contain so called child-elements. Tags are identified by
their names. We will use this name as the name of an element.

The W3C cares about character codings, white spaces and miscellaneous compo-
nents. Because we are merely interested in the structure of the document we will omit
these otherwise important details. The topmost element will be called root element. It
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spans almost all of the document, especially it contains all other elements. We expect
all documents to be well-formed and valid, as explained in the following section.

Sample Document

According to the above mentioned productions and constraints a well-formed document
may look like this:

<?xml version="1.0"?>
<!DOCTYPE university SYSTEM "university.dtd">
<university name="Universitdt Koblenz">
<library>
<book isbn="978123123">
<author> </author>
<title> </title>
< /book>
<book isbn="978234234">
<author> < /author>
<title> </title>
< /book>
</library>
<department name="cs"/>
<department name="math"/>
...more descriptions...
</university>

The prologue specifies this document to be a XML document according to version
1.0. This is currently the only possible version. The second line specifies a document
type definition. University is the root element of the document. This university element
contains a library element, that contains several book elements, and several department
elements. The department elements are empty elements. Empty elements are empty
with respect to the content, but may contain attributes. The university, department and
book elements contain attributes, i.e. name and isbn.

\‘ljnking elements

attributes
Linking elements
to children

R

Fig. 1. Graphical Representation of Document
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A XML document may be represented as a tree, see figure 1. The root element cor-
responds to the root of this tree. The elements are represented as nodes of the tree. An
element is linked to its child elements and attributes. With respect to our query opti-
mization task, we may omit the data of elements. Instead, we concentrate on the struc-
ture of documents. The following section introduces a common way to define possible
structures.

3 Validation of Documents

Whenever XML is used to transport information between independent applications,
which is most common in business-to-business communication, there is a need to vali-
date the document structure. Validation of document structure means that the processor
checks if the XML documents obey to the structure defined in the appropriate DTD.
Validating XML processors offer standardized ways for this validation process. These
processors use a Document Type Definition or a schema as a description of accepted
elements, nesting of elements and type information. In the example document above
(2" line) we already introduced the reference to an external DTD. This Document Type
Declaration names the root element, university in this case. DTDs may as well be inline.
The advantage of external DTDs is that they are stored centrally and only once. Beyond
these differences both kinds of DTDs provide the same set of definitions. DTDs are
already known to SGML [12] and HTML documents. They do not provide significant
type information or any aspect of object orientation. To overcome these insufficiencies
XML schema has been introduced by the W3C. A schema introduces some basic type
information and a limited support of object oriented concepts. We will start with DTDs
and demonstrate afterwards the opportunities of extended type information.
A DTD for the sample document above may look like this

<!ELEMENT university (library, department*, #PCDATA)>
<!ATTLIST university name CDATA #REQUIRED) >

< !ELEMENT library (book)+>

< !ELEMENT department EMPTY>

<!ATTLIST department name CDATA #REQUIRED) >
<!ELEMENT book (author+, title, abstract?)>
<!ATTLIST book isbn CDATA #REQUIRED) >

< !ELEMENT author #PCDATA>

< !ELEMENT title #PCDATA>

Focusing on the structure of a document, we will not use any information about
the data of the document that is described. So #PCDATA, CDATA and so on will not
be in the scope of this paper. Crucial to our target of optimization and completion of
path expressions are the definitions of the child elements and attributes of elements. All
elements mentioned in the definition of an element are child elements. The sequence
operator ’,’ may be used to establish a sibling relation among child elements. In this
example author, title and abstract are child elements of book. isbn is an attribute of
book. author is a sibling of author and title and so on. Figure 2 provides an overview.

For the purpose of this paper we limit our presentation to the abbreviated syntax for
XPath. In this syntax, one does not have the possibility to express sibling relationships
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Fig. 2. Graphical Representation of DTD

directly. Therefore we omit these relations in the remaining of this paper although these
relations between elements are covered by our approach.

Different from the tree like structure of the XML documents themselves, the de-
scription may contain cycles. A well known example of a cycle is the HTML table.
The TD element is a child of an TR element, that is a child of the TABLE element.
Because TABLE is part of arbitrary HTML content, TABLE is a possible child of TD.
The reasoning capabilities used in our query optimization approach are robust against
these cyclic definitions.

Even in our quite small example, DTD cycles can be found, e.g. the element author
is a sibling of itself.

4  Picking the Parts

Common to almost all processing of documents is the addressing of parts of these. The
basic idea of all addressing schemes is a path expression, that specifies the navigation
through the document. These path expressions may be rooted or relative to an existing
position in the document tree. Several notational variants have been developed. We will
use the abbreviated XPath 2.0 notation, that is covered by a W3C-working-draft [15].
Path expressions following these recommendations are incorporated in XSLT, XQuery,
CSS2 and other standards.
Path expressions are explained by the following rules taken from [15]:

path := °// relativePath |/’ relativePath | relativePath
relativePath  ::=  stepExpr (’/’ | "/’ ) stepExpr
stepExpr =’ |’@’ nameTest | ’..’ | nodeTest

The leading */ and *//’ construct a path starting at the document out of an relative path.
"/’ will expand to a path of zero or more steps. Step expressions access the current
context node, its attributes by a preceding * @ the parent of an element, or perform node
tests, ranging from simple element names to more complex expressions. Especially a
wildcard *** will match all child elements. A detailed description can be found in [15].



