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Zusammenfassung

Die vorliegende Arbeit beschreibt das im Rahmen dieses Dissertationsprojekts implemen-
tierte System Re/AndXML , das fir das Management und die Speicherung von hyper-
textzentrierten XML-Dokumenten und den dazugehdrenden XSL-Stylesheet-Dokumen-
ten spezialisiert ist.

Der Anwendungsbereich sind die Vorlesungsmaterialien an der Universitat. Typi-
scherweise werden einige Ubungsaufgaben in den Folgejahren wiederverwendet, andere
aber auch durch neue Aufgaben ersetzt. Zur Zeit verwenden die wissenschaftlichen Mit-
arbeiterinnen und Mitarbeiter unterschiedliche Textverarbeitungssysteme, auBerdem ist
nicht immer sichergestellt, dass die Dateien mit den Aufgaben aus vergangenen Jahren
auch zur Verfugung stehen. Daher werden manchmal die gleichen Aufgaben erneut
eingetippt. RelAndXML 6st dieses Problem dadurch, dass die in XML geschriebenen
Ubungsblatter, aufgeteilt in Textbausteine sowie sonstige Teile, in einer speziellen Daten-
bank abgelegt werden. Rel/AndXML kann aber auch fur andere Anwendungsbereiche
verwendet werden, indem einfach das Kernschema der Datenbank durch ein anderes, zum
Beispiel fur technische Dokumentationen, ersetzt wird.

Die Speicherung von XML-Dokumenten in Datenbanken ist seit einigen Jahren ein
wichtiges Thema der Datenbankforschung. Ansatze dafir sind von dem jeweiligen An-
wendungsbereich abh&ngig und gliedern sich in solche fiir datenzentrierte und andere
fur dokumentenzentrierte Dokumente. Datenzentrierte XML-Dokumente sind gultig in
Bezug auf eine Document Type Definition (DTD), sie haben wenig gemischten Inhalt und
die Reihenfolge innerhalb des Dokuments ist weitgehend unwichtig. Um datenzentrierte
Dokumente in einer (objekt-) relationalen Datenbank zu speichern, definiert man eine Ab-
bildung zwischen der DTD und dem Datenbankschema. Da unser Hypertext keiner DTD
genugt, kdnnen wir keinen der bekannten datenzentrierten Ansatze verwenden. Doku-
mentenzentriertes XML hat keine DTD, ist also nicht gultig, stattdessen gibt es einen rel-
ativ hohen Anteil an gemischtem Inhalt und die Reihenfolge innerhalb des Dokuments ist
sehr wichtig. Die bisher bekannten Ansétze zur Speicherung von dokumentenzentriertem
XML erlauben leider nicht die Wiederverwendung von Textbausteinen.

Die vorliegende Arbeit prasentiert einen Ansatz zur Speicherung von hypertextzentrier-
ten XML-Dokumenten, der Aspekte von datenzentrierten und dokumentenzentrierten An-
satzen kombiniert. Der Ansatz erlaubt die Wiederverwendung von Textbausteinen und
speichert die Reihenfolge dort, wo sie wichtig ist. Mit RelAndXML konnen nicht nur
Elemente gespeichert werden, wie mit einigen anderen Ansatzen, sondern auch Attribute,
Kommentare und Processing Instructions.

RelAndXML wurde mit Java und unter Verwendung einer objekt-relationalen Daten-
bank implementiert. Das System hat eine graphische Benutzungsoberflache, die das Er-
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stellen und Verandern der XML- und XSL-Dokumente, das Einfligen von neuen oder
schon gespeicherten Textbausteinen sowie das Erzeugen von HTML-Dokumenten zur
Veroffentlichung ermdglicht.

Abstract

In this thesis, we present our newly invented system RelAndXML for the management
and storage of hypertext-centric XML documents and the according XSL stylesheets.

Our sample application area is the course material at university. Typically, course ma-
terial is being reused on multiple assignments, while it is also important to add or replace
questions. Currently, teaching assistants use different word processors and the availabil-
ity of previous year’s assignment files is not always certain. This results sometimes in
retyping the same questions. RelAndXML offers a solution to this problem by saving
the XML formatted assignments as text modules and other parts in a special database.
However, ReJAndXML is not restricted to this application area, since the core schema
can easily be replaced, e.g. by a schema for technical online manuals.

Storing XML documents in databases has been a major topic in database research in
the last few years. Approaches on this topic are dependent on the desired application area
and can be divided into two main directions: some concentrate on data-centric and others
on document-centric documents. Data-centric XML documents are valid with respect
to a document type definition (DTD), they have sparse mixed content and the order in
which subelements and PCDATA occur is usually unimportant. The concept for storing
data-centric XML in (object-) relational database systems is to define a mapping between
the DTD and the database schema. Since our hypertext does not conform to a DTD, we
cannot use a data-centric approach on its own. Document-centric XML often has no DTD
such that it is non-valid XML, mixed content often occurs, and the document order does
matter. The known document-centric approaches do preserve document order, but they
make reusing text modules impossible.

In this thesis, we present a hypertext-centric approach that combines aspects of data-
centric as well as document-centric approaches. It enables the reuse of text modules and
preserves document order where necessary. Another important feature of RelAndXML
is that it supports not only XML elements, but also attributes, comments, and processing
instructions.

RelAndXML is a Java-implemented system using an object-relational database. It
provides a graphical user interface which allows to create and update the XML and XSL
parts of hypertext documents, to insert new or saved text modules, and to generate HTML
or XHTML output documents.
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Chapter 1

Introduction

1.1 Motivation

The aim of this research project is to design and implement a system for the management
and storage of academic course material such as assignments and examinations.

Typically, the teaching assistant responsible for the questions on the assignments of a
specific course changes every other year. Different teaching assistants use different word
processors like Microsoft Word or IATEX, or write their assignments in HTML.

However, it is a common and useful practice to reuse questions from the previous
years, especially those with a high learning impact. Of course, new questions are also
added, in particular for examinations. But the availability and compatibility of previous
years’ document files is not always certain. This results sometimes in retyping the same
questions. There also is no tool for the search of questions about a specific topic.

In this thesis, we present a solution to these problems: we use XML as unified data for-
mat and store all the assignments with their questions in such a way that old assignments
can be reproduced any time and that new assignments can be assembled from reused as
well as new questions.

Let us take a short look at the structure of assignments. They usually consist of a
header with the course name, date, number, etc., and several questions, possibly having
several parts. We also find various hints, notes about the exam, and holiday greetings. To
summarise, these documents have a number of regularly occurring text modules (course,
question, part) and a number of irregular and seldomly occurring parts (hints, notes, greet-
ings); we call this hypertext-centric. We design our system not just for academic course
material, but more generally for hypertext-centric documents.
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Storing XML documents in databases has been a major topic in database research
in the last few years [CFP00, Wid99]. Approaches on this topic depend on the desired
application area and can be divided into two main directions: some concentrate on data-
centric and others on document-centric documents [Bou03a].

Data-centric documents are usually valid XML documents (i.e., they have a fairly
regular structure which can be described by a DTD) with sparse mixed content, and the
order in which subelements and PCDATA occur is usually irrelevant. Document-centric
XML is often non-valid XML (meaning having no DTD), mixed content occurs often
and order does matter. The distinction between data-centric and document-centric can
be subtle, and some documents could be viewed either way. In a hypertext application
area, documents are written as a combination of new and existing text modules. Most of
the text modules are data-centric, but their occurrence within the document is not very
restricted and also, free text might be allowed in between text modules. The document
order is very important, e.g. a book is not just a set of chapters, but the ordering of the
chapters is very important.

The concept for storing data-centric XML in (object-) relational database systems is
to define a mapping between the DTD and the database schema [Bou03c, KKR01, RP02,
STH*99]. The advantages of these mappings are that query writing is easy and that the
DBMS (or the XML Parser using the DTD) checks data consistency.

Known storage concepts for document-centric XML are different. They either store
the entire document without fragmenting and concentrate on fast search algorithms (full-
text and indexing) [Tam03]. Other approaches for storing arbitrary XML documents frag-
ment down to every single element [FK99b, Kud01, SYU99] — giving a large number of
database tuples per document. This makes queries on the documents and their reconstruc-
tion expensive.

For these reasons, we were looking for a suitable approach for a hypertext application
area, where documents are written as a combination of new and existing text modules.
In such documents, the document order is important. All the quoted document-centric
approaches do preserve document order, but they make reusing text modules impossible.
The data-centric approaches are not suitable either, since our hypertext does not conform
toa DTD.

In this thesis we present our new concept for storing hypertext-centric XML and call it
RelAndXML . It is a combination of a data-centric with a document-centric approach, sav-
ing the structured part in a Core schema and the remaining data in an Extension schema.
This approach allows us to store document-structured data and still keep the mentioned
advantages for the structured part of the data. We support not just XML elements (like
[FK99b] does), but also attributes, comments, and processing instructions. We concen-
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trate on text sizes usually found on local computers, RelAndXML is not designed for
mass data. It preserves document order and allows storing and updating text modules.
Additional features include searching assignment questions by keywords and exporting
in HTML via XSL.

1.2 Scope

General Features

RelAndXML is a system that manages a collection of hypertext documents. These
documents consist of some regular text modules but might also contain some additional
text modules whose structure and number is not restricted. Each hypertext document is
stored in two parts: an XML document encloses the content and structure of the document
whereas an XSL document contains the corresponding stylesheet. The document order
of the original document — the order in which text modules, figures, etc. appear in the
document — must be preserved, but document order information might be spread on the
XML document and on the stylesheet.

ReAndXML provides a graphical user interface (GUI) which allows the creation and
update of the XML and XSL parts of hypertext documents, the insertion of new or saved
text modules and the production of HTML or XHTML as output document. Since Rel-
AndXML is not a web server, the documents must be transferred to a web server to be
published. Therefore, the system enables users to save both the XML and the XSLT
part of documents or the (X)HTML output document to files. We note that only newer
browsers like Internet Explorer 5.5 and later or Netscape 6.0 and later display XML docu-
ments with a corresponding XSL stylesheet or XHTML documents correctly. Therefore,
it is preferable to publish HTML documents as long as older web browsers like Netscape
4.7 are used widely.

Re AndXML is not restricted to a specific application area. Given some meta data
about the desired application area, the system is able to save a matching document collec-
tion.

RelAndXML is a Java-implemented system using an object-relational database (Post-
greSQL or IBM DB2). XML documents are fragmented into parts of useful size. Efficient
algorithms for composing and decomposing are provided. “Efficient” here refers to a min-
imization of the number of database accesses, since on a client/server environment, they
are the main time consumers.
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Course Material

We have chosen the academic course material as application area for this thesis, es-
pecially assignments and examinations. These documents contain some questions, each
possibly including several parts or figures. In addition, they usually enclose information
about the course, the lecturer, and the teaching assistant. Examinations include rules that
must be followed during the exam and a section for summarizing the marking. All these
regular document parts are the above-mentioned text modules. Apart from this informa-
tion that is usually included, Re/AndXML provides ways to save additional information:
An example are the keywords which can be assigned to text modules to simplify the search
on a specific topic. A second example is that a question, which is a sequel of another one,
can be linked to this other question. The XML document contains this additional infor-
mation, which can be used within the system, but need not be published. The user can
write two different stylesheets — one for the document to be handed out to students, and
one with additional internal information.

Identifiers, Versioning, and Publishing

RelAndXML uses identifiers, version numbers, and an attribute called published for
the text modules, also called objects, in a document. These aspects are explained in the
following using short examples with course material.

The user must provide an object identifier, called user (generated) identifier (uid) for
each object. If the uids are chosen thoughtfully, they make finding objects very easy.

Example 1: The first assignment of the course “Databases 1” in the summer semester
2002 gets the uid “DB1_Su2002_A1".

It is also possible to save versions of objects. This means they have the same uid, but
different version numbers.

Example 2:  In summer 2001, assignment 1 included a question with uid
“DB1_Su2001_Al QL1”, so this is version “1.0” of the question. The assignment 1 in
summer 2002 includes a slightly different version of this question, thus the uid remains
unchanged and the version number is “2.0”.

RelAndXML is also an archive for documents. Objects that have been published
should not be changed. Therefore, each object has a boolean attribute published.
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Example 2 (continued): Since the question with uid “DB1_Su2001_ Al Q1” and ver-
sion number “1.0” was published in summer 2001, the system forces the user to change
the version number, in order to be allowed to make any changes. Experience in program-
ming shows that this is safer than relying on the user’s responsibility.

Example 3: The assignment 2 with uid “DB1_Su2002_A2" and version “1.0” was pub-
lished on June 24. The author wants to correct a mistake in one question on June 27.
Since the object has been published, the author must increase the version number in order
to change the document. This way, the difference between the version handed out to stu-
dents and the one published on the web server is documented in the system.

The system uses additional system (generated) identifiers (sid) for XML objects, which
cannot be changed by the user and which are unique within the database.

Reconstruction and Standard Queries

The most important query is the reconstruction of documents or parts of it. Apart
from this, the system should (at least) be able to answer queries of the following kind:

e Find all questions with paragraphs containing the term “ER schema”.
e Has this question been used on an examination before?

e Find all assignments with questions about “Finite Automata”. (Keywords must have
been assigned by the authors of the assignments.)

1.3 Organization of thisThesis

The remainder of this thesis is organised as follows:

In Chapter 2, we give an insight into the data format and structure of hypertext-centric
XML documents as well as data-centric XSL documents which we want to store in Rel-
AndXML . We also introduce some running examples that will be used in later chapters.

In Chapter 3, we check several database types for their ability to store hypertext-
centric XML efficiently. We give reasons why we use an object-relational database man-
agement system (ORDBMS) for RIAndXML . Then, we describe various features of
ORDBMS products that we considered using for our system.

Chapter 4 describes approaches for the storage of data-centric as well as document-
centric approaches and gathers information on aspects that are important for the storage
of hypertext-centric XML.
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In Chapter 5, we describe the database model whose design is based on knowledge
from Chapter 4. The database has a Core part for the regular text modules, an Extension
part for the irregular document parts, a Presentation part for the XSL documents and a
Metadata part with metadata information about the three other parts.

Chapter 6 presents a tutorial showing how to work with XML and XSL documents
and how to view HTML documents in RelAndXML .

In Chapter 7, we explain the Java implementation of RelAndXML . We show how we
connect the tree representation with the underlying XML document. Furthermore, we
describe the assembling of XML documents from database tuples and their disassembling
in fragments suitable for the database.

Finally, Chapter 8 concludes this thesis by briefly summarizing the results and by
pointing out suggestions for future work.

R andX ML

Figure 1.1: RlAndXML Logo



Chapter 2

The XML World - Introduction and
Running Examples

This chapter gives an introduction to the XML world, providing an insight into the data
format of the documents that are to be stored in R/ AndXML . Later chapters will focus
on how to store that data. The chapter contains a section about XML followed by a section
about XSLT and XPath and a short section about XML query languages. The first section
starts with introducing the metamarkup language XML itself, followed by a short histor-
ical overview. Subsequently, it is shown how context-free grammars for XML languages
can be defined with Document Type Definitions (DTDs). XHTML, which has the same
expressiveness as HTML, is presented as such an XML language. Thereafter, three types
of XML documents are defined: data-centric, document-centric, and hypertext-centric.
Graphs, the Document Object Model (DOM), and the Simple API for XML (SAX) are
introduced as models for XML. The section ends with some running examples. The sec-
ond section gives an introduction to the access of document parts with XPath, followed
by an overview of XSLT, which is employed to write stylesheets for XML documents,
and makes use of XPath expressions. Afterwards, some running examples are provided.
As outlined in the specification for RelAndXML (see Section 1.2), the document order
must be preserved when documents are saved as a collection of fragments. Therefore,
we explain at several points in this chapter, how document order information can both
be included and used in the XML and XSLT documents. The last section about XML
query languages briefly introduces the evolving language XQuery and explains why SQL
is used as query language for RelAndXML .
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21 XML

2.1.1 Definition and Basic Concepts

XML - the eXtensible Markup Language — is a metamarkup language for text docu-
ments [XMLOO]. Data is represented as strings of text and is surrounded by markup
describing the properties of the data. The markup occurs predominantly as tags, which
are distinguished from the unmarked up text — the character data — by surrounding an-
gle brackets “<” and “>”. Elements are the basic building block of XML. An element
begins with a start tag “<elementname>" and ends with an end tag “</elementname>"
the difference being that it has an additional slash “/”. Elements may contain character
data and/or other elements, called subelements. Elements might also have attributes
which consist of a name and a value. They are placed within the start tag in the form
“<elementname attr="value’>". Several attributes are separated by whitespace; an element
cannot have two attributes with the same name; single and double quotation marks can be
used interchangeably. Elements with no content but possibly attributes are called empty
and can be represented by a single empty-element tag that begins with “<” but ends with
“I>”. S0, “<elementname attr="value’/>" is the short cut for “<elementname attr="value'>
</elementname>". An XML document has a single root element, which contains other
elements and/or character data. A document has a natural order, called document order.
In order to be processed by an XML parser or web browser, an XML document must be
well-formed. To be well-formed it needs to have a hierarchical structure, also called tree
structure, and to start with the XML declaration

<?xml version="1.0" encoding="1S0O-8859-1"7>
The version number states the used XML specification, which is currently 1.0 (see also
Subsection 2.1.2). XML uses the Unicode Standard [Uni03], where characters from all
known languages are collected. To specify a subset, the attribute encoding is used (ISO-
8859-1 is the encoding for most Western European languages).

The word “eXtensible” in XML hints at the fact that XML does not provide a fixed set
of tags, instead XML is a metamarkup language allowing users to define their own XML
markup languages.

Listing 2.1 shows a very short XML coded sample “Assignment 1”. The well-formed
document starts with the XML declaration in line 1, followed by the root element assign-
ment in line 2. The assignment includes as attributes the user identifier uid, the version
number, the date, and the boolean published. Subelements are number, dateOflssue,
deadline, and the element asHasQu (“assignment has question”) leading to an encapsu-
lated question. The question has uid, version, date and published as attributes and also
the marks which can be achieved with a correct solution. In this first example, a question
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solely consists of a single paragraph element. The paragraph in turn consists of character
data intermingled with a subelement emph. This compound is called mixed content.

Listing 2.1 XML coded “Assignment 1” (unpublished)

1  <?xml version="1.0" encoding="1SO-8859-1" ?>

2  <assignment uid="DB1_Su2002_Al"version="1.0"

3 published="false" date="06/14/02">

4 <number>Assignment 1</number>

5 <dateOflssue>June 17, 2002</dateOflssue>

6 <deadline>Monday, June 24, 2002, 4pm</deadline>

7 <asHasQu>

8 <question uid="DB1_Su2002_A1l_Q1" version="1.0"
9 published="false" date="06/07/02" marks="4">
10 <paragraph>

11 Translate the <emph>Company</emph>

12 ER schema into a relational schema.

13 </paragraph>

14 </question>

15 </asHasQu>

16 </assignment>

To distinguish between markup and character data, XML predefines five entity refer-
ences for characters with markup-meaning that would cause problems in the document:
the less-than sign &It; and the ampersand &amp; must be used in element content. The
others are optional. The greater-than sign &gt; is allowed mostly for symmetry with &lt;,
since a greater-than sign cannot be misinterpreted as closing a tag. &quot; () and &apos;
() are used to include double resp. single quotation marks within double resp. single
quotation marks.

When more than a few of these signs are used in a part of the document, this encoding
becomes tedious. For that reason, a CDATA section, set off by a <!|[CDATA[ and ]]>, can
be used; meaning everything in the section — except for the CDATA section end delimiter
itself — is treated as raw character data, not markup. To include J]> within a CDATA
section, one can write ]]&gt; .

Comments are enclosed by <!-- and --> and must not contain the string --. Process-
ing instructions have the form <?identifier ... ?> and give information for applications
processing the document. A widely used processing instruction, xml-stylesheet, is used
to attach stylesheets to documents (see Subsection 2.2). Comments and processing in-
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structions are allowed to appear anywhere in the document outside of a tag, particularly
before or after the root element.

2.1.2 A Very Short History

XML is a descendant of SGML, which stands for Standard Generalized Markup Lan-
guage. SGML is like XML a semantic and structural markup language for text documents;
it has been an ISO-certified standard since 1986 [SGM86]. SGML is too powerful and
complicated that it never became popular. SGML’s biggest success was HTML, which is
an SGML application. The current version is 4.01 [HTM99]. It provides a finite set of
tags designed to describe web pages. HTML is so successful because of its simplicity.
Otherwise, it mixes content, structure and layout, and provides no ways of integrating se-
mantics with the data. Therefore, XML was designed as a subset of SGML retaining only
the important features — like the separation of content, structure and layout of documents
— with the aim to make XML simpler and more popular.

The World Wide Web Consortium (W3C) was created in October 1994 and has de-
fined most of the important web standards [W3CO03]. The specifications progress through
several stages of maturity: Working Draft, Last Call Working Draft, Candidate Recom-
mendation, Proposed Recommendation, and finally Recommendation.

XML version 1.0 was published as a W3C Recommendation in 1998; a second edi-
tion (still version 1.0) which corrects some minor errors was published in 2000 [XMLO0Q].
Currently, the W3C is working on XML 1.1, which got the status “Candidate Recommen-
dation” in October 2002 [XML02]. XML 1.1 updates XML to use Unicode 3.1 and later
versions. It also normalizes character encodings to ease string identity matching, indexing
etc. (for example, “a” equals “&#945;” in XML, but for a simple string algorithm they
appear different). These improvements are not relevant for our work, furthermore most
recent tools do not support this version yet; therefore XML 1.0 is used for RelAndXML .
Seeing the benefits of XML, the W3C decided to define an XML-compatible version of
HTML which is called XHTML [XHTO02].

2.1.3 Document Type Definitions

As mentioned earlier, XML is a metamarkup language providing no fixed set of tags. But
when XML is used to exchange data, individuals or organisations might better agree on a
fixed set of tags — called XML application — for reasons of interoperability. This can be
done by fixing a schema, which is a context-free grammar, that defines the XML appli-
cation. The schema language defined in the XML 1.0 specification is the document type
definition (DTD). A DTD describes which elements, attributes and entities may appear
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where in the document. We give an overview of the notation; for a full description, see
the XML specification [XMLOO] or one of the many XML books, whereby [HMO02] is
recommended by the author.

Listing 2.2 shows a DTD for the unpublished “Assignment 1” in Listing 2.1; we call
it SmallCore DTD. It has a number of entity, element and attribute declarations. Line 2

Listing 2.2 SmallCore DTD

1 <!-- Filename: smallcore.dtd -->

2  <IENTITY % basic "uid CDATA #REQUIRED
3 version CDATA #REQUIRED
4 published (false | true) 'false’
5 date CDATA #IMPLIED">
6 <IELEMENT assignment (number, dateOflssue?, deadline?, asHasQu+)>
7  <IATTLIST assignment %basic;>

8 <IELEMENT asHasQu (question)>

9  <IATTLIST asHasQu ordinal CDATA #IMPLIED>

10 <!ELEMENT question (paragraph)>

11 <IATTLIST question %basic;

12 marks CDATA #IMPLIED>

13 <!ELEMENT number (#PCDATA)>

14 <!ELEMENT dateOflssue (#PCDATA)>

15 <IELEMENT deadline (#PCDATA)>

16 <!ELEMENT paragraph (#PCDATA | emph)*>

17 <!ELEMENT emph (#PCDATA)>

contains a parameter entity declaration which defines %basic; as short cut for the quoted
string. This type of short cut can be used within the DTD and %basic; is used in attribute
declarations (see below).

The element declaration in line 6 describes the assignment element. It states that
each assignment element must contain a sequence of subelements: exactly one number
element, zero or one dateOflssue element(s) and zero or one deadline element(s) (suffix
?), followed by one or more asHasQu elements (suffix +). The sequence also fixes the
order of the subelements. Another suffix is * for “zero or more of the element”. The
elements number, dateOfissue and deadline may only contain parsed character data —
plain text that might contain entity references —, but no subelements of any type. This
is stated by the keyword #PCDATA. The element declaration paragraph in line 16 shows
the only way to declare mixed content: #PCDATA must be the first in a list of choices
(here just emph) and the choice can be made zero or more times. Elements can also
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be declared to have no content but possibly attributes (keyword EMPTY) or to have any
content (keyword ANY), meaning they contain mixed content with any of the declared
elements. (In particular, this means that ANY does NOT allow to write “anything”.) The
order of element declarations is not relevant, and the root element is not fixed within the
DTD.

Attribute declarations describe the attributes of elements and have the keyword AT-
TLIST. In line 7, the parameter entity of line 2 is used to define four attributes of the
element assignment. The attributes uid and version are required, whereas the date is op-
tional (keyword #IMPLIED). The type of uid, version and date is CDATA — this is the most
general attribute type allowing any character data. The attribute published has an enu-
meration type with the values true or false; the literal false defines this value as default
that is included by the XML parser if missing. The element asHasQu has an optional
attribute ordinal, in which the desired ordinal number can be provided, when there are
several questions on an assignment. The ordinal attribute is part of the document order
information. Other attribute types are NMTOKEN, NMTOKENS, ENTITY, ENTITIES, ID,
IDREF, IDREFS, and NOTATION.

General entity declarations are used to set short cuts that can be used within the XML
document. The difference to the declaration of parsed entities is the missing % after
the keyword ENTITY. The following line defines &oopj; as an abbreviation for “Object-
oriented Programming with Java”.

<IENTITY oopj "Object-oriented Programming with Java">

A well-formed XML document including a document type declaration with an URL
pointing to a DTD and conforming to that DTD is said to be valid. Accordingly, an XML
parser which checks the conformity of an XML document with its DTD is called validat-
ing; it is called non-validating when it checks well-formedness only. We use Xerces, the
validating XML parser of the Apache XML project [Xer03]. It can be used within Java
applications (see Section 7.2). How to include a document type declaration, is shown in
the following lines

1  <?xmlversion="1.0" encoding="1S0O-8859-1" standalone="no">
2 <IDOCTYPE assignment SYSTEM "smallcore.dtd">

3  <assignment...>
4
5

</assignment>

which are to be added to the document in Listing 2.1. Line 1 contains the attribute
standalone with value "no", stating that the XML document needs another file to be
parsed. Line 2 says that the root element of the document is assignment and that the
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DTD is found on the same machine (SYSTEM) in the same directory as the XML file
(relative URL (Uniform Resource Locator)).

There are a number of W3C standardized XML applications like MathML, XHTML
and so on. Their DTDs are publicly available and usually provided with the keyword
PUBLIC and an absolute Uniform Resource Identifier (URI). A URI is either a URL or a
Uniform Resource Name (URN), where a URN is an address agreed upon by an organi-
zation — it needs not exist. The above are examples for external DTDs; a DTD might also
be included within the XML document (called internal DTD) or even be a combination
of an internal DTD subset and an external DTD subset. The two subsets must be compat-
ible. Neither can override the element declarations of the other. The following example
combines the SmallCore DTD with the general entity declaration from above.

1  <?xmlversion="1.0" encoding="1S0O-8859-1" standalone="no">

2 <IDOCTYPE assignment SYSTEM "smallcore.dtd" [

3 <IENTITY oopj "Object-oriented Programming with Java">
4 1>

An internal DTD can also be used to incorporate all HTML entities in a simple way.
Why would one need HTML entities in XML? When the right encoding is chosen, e.g.
1ISO-8859-1 for German, all characters of the desired language are available for markup —
for example <StraBe>Hofchen</StraRe> is well-formed XML - as well as for character
data, and do not have to be written with entity references like &szlig; or &ouml;. But
for every other character that is not in the chosen character set or not on the computer
keyboard (e.g. greek characters and mathematical symbols often used in assignments),
an entity declaration must provide the number of the character in the Unicode set. For
example, the greek character o must be declared as <!ENTITY alpha "&#945;">.

If more than a few HTML entities are used, it is easier to include all of them. The
W3C provides three DTD fragments that together define all the familiar HTML character
references. They can be included in an internal DTD as shown in Listing 2.3. However,
it is recommendable to save local copies and to set the SYSTEM identifier accordingly,
rather than downloading the DTD fragments every time a file is parsed.

One defining feature of ReIAndXML is that it does not restrict the user with DTDs.
We thought about providing the possibility to use internal DTDs to import such entity
declarations, but that did not work since if entities are defined, elements have to be de-
clared as well. See also page 92.

When a document includes tags from several DTDs, some tags might be defined multi-
ple times, and for this reason, namespaces are useful. A namespace is a prefix to elements
and attributes of the form identifier:. Each prefix is mapped to a URI by an xmins:prefix
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Listing 2.3 Internal DTD for including HTML entities
<IDOCTYPE assignment |
<IENTITY % xhtml-latl PUBLIC "-//W3C//ENTITIES Latin 1 for XHTML//EN"
"http://lwww.w3.0rg/TR/xhtmI1/DTD/xhtml-latl.ent">
<IENTITY % xhtml-special PUBLIC "-//W3C//ENTITIES Special for XHTML//EN"
"http:/mww.w3.0rg/TR/xhtml1/DTD/xhtml-special.ent">
<IENTITY % xhtml-symbol PUBLIC "-//W3C//ENTITIES Symbol for XHTML//EN"
"http://lwww.w3.0rg/TR/xhtm|1/DTD/xhtml-symbol.ent">

%xhtml-latl;

%xhtml-special,

%xhtml-symbol;
1>

attribute in the root element of the document. For an example, see Subsection 2.2.

The expressiveness of DTDs is rather limited. A DTD can neither describe the length
or permitted values of the text content of elements, nor does it have knowledge of the
standard data types like integer, double, etc. for attributes. To overcome these limitations,
another schema language, called XML Schema, was standardized by the W3C. It has the
advantage to be an XML language, so that schemas are written in XML instead of in some
other notation like, for example, the DTD notation. XML Schema is more expressive,
but usually results in lengthy schemas. The specification is so long that it was divided
intro three parts [XMS01a, XMS01b, XMSO01c]. Since XML Schema is not used for
RelAndXML , we abstain from giving an introduction to it. There are numerous other
XML schema languages including RELAX NG [RELO03] and Schematron [Sch03a], each
with their own strengths and weaknesses.

214 XHTML

XHTML is an XML application with the same vocabulary as HTML, so the differences
between XHTML and HTML are minor. Since it has a DTD, XHTML forces to write
HTML more correctly. Valid XHTML is displayed correctly only by newer browsers
(Mozilla, Opera 5.0 and later, Internet Explorer 5.5 and later, as well as Netscape 6.0 and
later). Older browsers have problems with processing instructions and CDATA sections,
for instance. ReIAndXML leaves the choice of HTML or XHTML as output format to
the user. But XHTML has to be used for fragments to be included in XSLT stylesheets,
since these are valid XML documents (see Section 2.2). Here is a list of the important
differences:
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e All tags are written in lower case, whereas in HTML lower and upper case might
be mixed up.

e There must be an end tag for every start tag; e.g. </li> must not be omitted unlike
in HTML. As a special case, HTML commands without end tag get an additional
blank (to support older browser versions) and a slash like in <br /> or in <img
src="mylmage.gif" />.

e Attributes must have a quoted value, e.g. write <table border="1"> instead of <ta-
ble border> and <select name="Options" multiple="multiple"> instead of <select
name="Options" multiple>.

e Some commands are not allowed within others, for instance the “preformatted”
command <pre> must not contain an image <img src="mylmage.gif" />.

e The attribute name of the commands a, applet, form, frame, iframe, img, and map
is replaced by id, e.g. <a id="myAnchor">...</a>.

e XHTML might contain CDATA sections and processing instructions.

Each XHTML document must contain a document type declaration, and there are
three DTDs to choose from:

<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Strict//EN"
"http:/imvww.w3.0rg/TR/xhtmI1/DTD/xhtml1-strict.dtd">

The strict definition excludes all commands (elements and attributes) which are depre-
cated in HTML 4.01. This concerns many of the HTML commands used for presentation,
such as the <font> tag and the align attribute — they have been replaced by the equivalent
properties in the CSS (Cascading StyleSheet) model.

<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Transitional//EN"
"http:/imww.w3.0org/TR/xhtml1/DTD/xhtml1-transitional.dtd">

The transitional DTD is closest to the HTML 4.01 standard and includes all the dep-
recated elements.

<IDOCTYPE html PUBLIC "-//W3C//DTD XHTML 1.0 Frameset//EN"
"http://lwww.w3.0rg/TR/xhtmI1/DTD/xhtml1-frameset.dtd">

The third DTD combines the transitional DTD with commands for frame sets.

The W3C published the XHTML standard as [XHT02] and offers a validation service
for HTML and XHTML files at ht t p: // val i dat or. w3. or g/ , where files can be
uploaded and tested.
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2.1.5 Document-centric versus Data-centric XML

XML was originally designed for the web, as an advanced version of HTML, to bring
semantics into web pages — which means to write documents in the ordinary sense of the
word. This type of document is called document-centric. It often has a rather irregular,
frequently changing structure, lots of mixed content while the document order is essen-
tial. Other terms for this type are semi-structured, document-oriented and document-
processing-oriented XML. Document-centric XML is of course well-formed, but often
non-valid since it has no DTD (or other type of schema).

Compare the published version of “Assignment 1” (shown in Listing 2.4) to the Small-
Core DTD in Listing 2.2 on page 11. It does not conform to this DTD because of the ad-
ditional attribute folder in line 2, the decision to markup “Company” with the tag strong
instead of with emph in line 10, the added keyword in lines 13-15, and the note about the
exam in line 19. Please note that the comment in line 18 is included for further use of this
example, whereas a DTD does neither restrict nor allow comments.

Listing 2.4 XML coded “Assignment 1” (published)

1 <assignment uid="DB1_Su2002_Al" version="1.0"

2 published="true" date="06/14/02" folder="DB1_Su2002">
3 <number>Assignment 1</number>

4 <dateOflssue>June 17, 2002</dateOflssue>

5 <deadline>Monday, June 24, 2002, 4pm</deadline>

6 <asHasQu>

7 <question uid="DB1_Su2002_A1l_Q1" version="1.0"

8 published="true" date="06/07/02" marks="4">

9 <paragraph>

10 Translate the <strong>Company</strong>

11 ER schema into a relational schema.

12 </paragraph>

13 <keyword uid="ERschema" version="1.0" published="true">
14 <name>ER schema</name>

15 </keyword>

16 </question>

17 </asHasQu>

18 <!-- Add a question about 3NF here. -->

19 <exam>The exam is an <strong>open book</strong> exam.</exam>

20 </assignment>
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Naturally, one could extend the SmallCore DTD to cover these additions. But if
changes in the structure occur frequently, this becomes a strain to the DTD author.

A document-centric XML document is a string of text and all of its parts are therefore
also strings. This is why DTDs (being the earliest schema definition language) do not
describe data types. A more detailed description of documents is needed for data-centric
XML. This type of XML is widely used for the exchange of data. Data-centric XML
has sparse mixed content and the document order is usually unimportant. As mentioned
earlier, a DTD (or XML Schema if data types shall be defined) is needed to exchange
data sensibly, therefore data-centric XML is most of the time valid XML. Synonyms to
data-centric XML are data-oriented as well as data-processing-oriented XML.

Listing 2.5 shows a data-centric XML document with data of a company?*. A company
has a number of departments, each having a number of employees. The order of the
employee elements within a department element contains no semantic meaning.

Listing 2.5 Data-centric sample XML

<company>
<department dnumber="5" dname="Research">
<employee ssn="123456789">
<fname>John</fname>
<lname>Smith</Iname>
</employee>
<employee ssn="453453453">
<fname>Joyce</fname>
<lname>English</Iname>
</employee>
</department>
<department dnumber="1" dname="Headquarters">
<employee ssn="888665555">
<fname>James</fname>
<Iname>Borg</Iname>
</employee>
</department>
</company>

1A Company database, which containsthis (and more) data, is one of the running examplesfor relational
databasesin [ENOQ].
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2.1.6 Hypertext-centric XML

The distinction between data-centric and document-centric XML can be subtle, and some
documents could be regarded either way. In hypertext application areas — where RelAnd-
XML concentrates on — documents are written as a combination of new and existing text
modules. Most of the text modules are data-centric, but their occurrence within the doc-
ument is not very restricted and also, free text and markup might be allowed in between
text modules. We see hypertext as mainly document-centric, but with data-centric parts
and will use the term hypertext-centric XML.

assignment: DB1_Su2002_Al

/\

number dateOflssue deadline

\/

question: DB1 _Su2002_Al Q1

<l >

exam

Figure 2.1: Hasse diagram for “Assignment 1”

The document order at large is important, but within the data-centric text modules it is
sometimes dispensable. This imposes a partial order on the documents. Figure 2.1 shows
a Hasse diagram for the published “Assignment 1”. It states that number, dateOflssue,
and deadline might appear in any order, while the other items need to be ordered as
follows: first question DB1_Su2002_A1l Q1, then the comment and at the end follows
the note about the exam.

2.1.7 Graph Representation

XML documents are also represented as ordered and labeled directed graphs. XML ele-
ments are represented by nodes in the graph; nodes are labeled with identifiers. (We use
system generated identifiers (sids) for this purpose.) Subelements are connected to their
parent element with edges that are labeled by the name of the subelement. Attributes are
connected to their element with dashed edges and comments with dotted edges. Values are
shown as leaves in the graph. To represent the partial order, edges are labeled with their
boxed ordinal number. The graph in Figure 2.2 corresponds to the published “Assignment
1” in Listing 2.4 on page 16 without most attributes.
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assignment
folder .-
DB1_Su2002
number dateOflssue deadline asHasQu comment exam
Assignment 1 June 17 ... Monday ... Add a
question ?Pﬁztrlgn strong

ST ()

The exam exam.
isan
paragraph keyword open book

@ keyword-4

strong name
Translate @ ER schema ... @

the
Company ER schema

Figure 2.2: XML tree for “Assignment 1”
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Listing 2.6 Running example ”Assignment 1”

© 00 N O O b WDN P

NNNDNNNNRERRRRRERRRPR
O U N WNRPOO©OOO-NOOOUMWNRO

<assignment uid="DB1_Su2002_A1"version="1.0"

published="true" date="06/14/02" folder="DB1_Su2002">
<number>Assignment 1</number>
<dateOflssue>June 17, 2002</dateOflssue>
<deadline>Monday, June 24, 2002, 4pm</deadline>
<asHasQu ordinal="2">
<question uid="DB1_Su2002_A1l_Q1" version="1.0"
published="true" date="06/07/02" marks="4">
<paragraph>
Translate the <strong>Company</strong>
ER schema into a relational schema.
</paragraph>
<keyword uid="ERschema" version="1.0" published="true">
<name>ER schema</name>
</keyword>
</question>
</asHasQu>
<comment ordinal="3">
<l-- Add a question about 3NF here. -->
</comment>
<exam ordinal="4">
<text ordinal="1">The exam is an</text>
<strong ordinal="2">open book</strong>
<text ordinal="3">exam.</text>
</exam>

</assignment>
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To integrate the ordering information into the XML document we use the attribute
ordinal and wrap the character data in mixed content parts with the element text and com-
ments with the element comment. Listing 2.6 shows the comment and the exam element
at the end of “Assignment 1” with wrapping and ordinal attributes; we will use this version
of “Assignment 1” as running example.

There are several possibilities to define links in between and across XML documents
(like the attribute types ID, IDREF(S) in DTDs, as well as XLink and XPointer) justify-
ing the used term “graph” for XML documents. Since references can be represented as
regular edges, so that the graph can be reduced to a tree, we use the term XML tree in the
subsequent chapters.

The graph presentation is one of several data models for XML, some others are de-
scribed in the next subsection.

2.1.8 DOM and SAX

The Document Object Model (DOM) is a programming language-neutral object model,
standardized by the W3C [DOMO3]; it defines the logical structure of documents and the
way a document is accessed and manipulated, by providing a tree-based Application Pro-
gramming Interface (API) to process those documents. The DOM Core module contains
the tree model; the definition of the DOM interface (DOM API) is written with the Inter-
face Definition Language (IDL), which is the specification language of the CORBA stan-
dard [CORO03]. Since Java is used in this thesis, we write interfaces and methods with the
notation from the Java binding [DJLOO]. The root of the class hierarchy in the DOM Core
is the Node interface. It can be used to extract information from any DOM object without
knowing its actual type. The Node interface provides methods to navigate and manipulate
the graph structure, e.g. getParent(), getChildren(), getNextSibling(), and
removeChi ld(Node). The class hierarchy of the DOM is shown in Figure 2.3. It in-
cludes subclasses like Document for the document’s root, Element for elements, Attr
for attributes, etc. Each of these classes contains methods to access the represented XML
construct.

The Simple API for XML (SAX) is another object model for XML, which is public-
domain software and not standardized by the W3C [SAXO03], but as popular as the DOM.
Whereas DOM is a tree-based model, SAX does not build a complete parse tree at the
beginning of processing, but gives events to the application program, e.g. when a start or
end tag is found.
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| Document | | Element | | Attr | | DocumentType | Document
Fragment
| | |
| Notation | | CharacterData | | Entity | | EntityReference | Processing
Instruction
| Text | | Comment |
/\

CDATASection

Figure 2.3: DOM Class Hierarchy

XML 1.0, DOM, SAX, XML Schema, XPath and XQuery all have similar but subtly
different conceptual models of the structure of an XML document. For instance, the
XPath and XQuery data models do not contain CDATA sections, entity references, and
document type declarations. Thus the W3C provides in the XML Information Set (also
called XML Infoset) a consistent set of definitions for use in the other specifications that
refer to the information in a well-formed XML document [XIn01].
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2.1.9 Running Examples

Apart from “Assignment 1” in Listing 2.6 we use four more XML documents as running
examples in this thesis. Listing 2.7 shows “Assignment 2”, which contains two questions.
The asHasQu elements have ordinal attributes that allow to derive the right order of the
questions. This XML document is valid to the SmallCore DTD.

Listing 2.7 XML running example “Assignment 2”

1 <assignment uid="A2">

2 <number>Assignment 2</number>

3 <dateOflssue>October 14, 2002</dateOflssue>

4 <deadline>Monday, October 21, 2002, 4pm</deadline>

5 <asHasQu ordinal="2">

6 <question uid="Q2">

7 <paragraph>Prove <emph>Lemma</emph> 2.2.</paragraph>
8

9

</question>
</asHasQu>
10 <asHasQu ordinal="1">
11 <question uid="Q1">
12 <paragraph>Prove <emph>Lemma</emph> 2.1.</paragraph>
13 </question>
14 </asHasQu>

15 </assignment>

Assignment 2 contains questions but no course information, in Assignment 3, this is
vice versa; see Listing 2.8. This split will help to keep the examples in the following
chapters short.

Another example is “Question 4”, which is part of “Assignment 4”, shown in List-
ing 2.9 on the following page. In HTML, its text reads “Solve question 2 of assignment 2
by using question 1 and Theorem 3 in the lecture notes” and is divided into a paragraph
element, two links and two text elements, all of these having ordinal attributes. The first
link points to a question in another assignment and the second to a question of the same
assignment. Both links have the attribute internal="true", which means that they link to an-
other document or object within RelAndXML . The question element has an uid identifier
and its subelements have sid identifiers.

Listing 2.10 shows XML code for “Question 5” which contains data for a figure of
an ER schema, with attributes like height and width. Since it was drawn with the Unix
program xfig (sourcetype), it has a sourcefilename.




24 Chapter 2: The XML World — Introduction and Running Examples

Listing 2.8 XML running example “Assignment 3”

1  <assignment uid="A3" version="1.0" published="false">

2 <number>Assignment 3</number>

3 <dateOflssue>October 21, 2002</dateOflssue>

4 <deadline>Monday, October 28, 2002, 4pm</deadline>
5 <isAssignmentOfCourse>

6 <course uid="FCS1" version="1.0">

7 <name>Fundamentals of Computer Science 1</name>
8 <semester>Winter 2002/03</semester>

9 </course>

10 </isAssignmentOfCourse>

11 </assignment>

Listing 2.9 XML running example “Question 4”

1  <assignment uid="A4">

2 <number>Assignment 4</number>

3 <asHasQu ordinal="1">

4 <question uid="Q3" marks="4">

5 <paragraph>Prove Lemma 3.1.</paragraph>
6 </question>

7 </asHasQu>

8 <asHasQu ordinal="2">

9 <question uid="Q4">

10 <paragraph sid="P1" ordinal="1">Solve</paragraph>
11 <link sid="L1" ordinal="2" internal="true">

12 <href>A2.html#Q2</href>

13 <text>question 2 of assignment 2</text>
14 </link>

15 <link sid="L2" ordinal="4" internal="true">

16 <href>#Q3</href>

17 <text>question 1</text>

18 </link>

19 <text sid="T2" ordinal="3">by using</text>
20 <text sid="T4" ordinal="5">

21 and Theorem 3 in the lecture notes.</text>
22 </question>

23 </asHasQu>

24  </assignment>
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Listing 2.10 Running example “Question 5”

1
2 <paragraph>Transform the shown ER schema into a relational schema.
3 </paragraph>
4 <figure date="June 2002’ published="true’
5 uid="Figure_Company_ER’ version="1.0">
6 <filename>company_ERschema.gif</filename>
7 <height>131</height>
8 <width>226</width>

9 <type>gif</type>

10 <sourcefilename>company_ERschema.fig</sourcefilename>

11 <sourcetype>xfig</sourcetype>

12 </figure>

13 </question>

2.2 XSLT and XPath

XSLT, the eXtensible Stylesheet Language for Transformations, has been a W3C Recom-
mendation since 1999 [XSL99]. XSLT is an XML application, which means that XSLT
stylesheets are written in XML notation. XPath, the XML Path Language [XPa99], is used
within stylesheets to describe sets of XML nodes. The eXtensible Stylesheet Language
(XSL) consists of XSLT, XPath, and the XSL Formatting Objects (XSL-FO), which allow
to define a sophisticated page layout [XSL03]. Formatting objects are not used in this
thesis.

An XSL processor takes an XML document and an XSLT stylesheet as input docu-
ments to produce an output document. For processing, the XML document is seen as
XML tree. The XSL processor starts at the root and selects a matching rule. This rule
includes information which nodes are to be processed next. This means in particular that
the processing order is not restricted to the document order of the input XML document.
We use Xalan, the XSL processor of the Apache XML project [Xal03]. It can be used as
a command line tool or within Java applications (see Section 7.2).

In the following, we describe enough XSLT and XPath to read the running examples
and to judge the way XSLT is saved in Chapter 5; but considering the rich possibilities of
these languages we will not give more than a short introduction. Apart from the official
documents [XSL99, XPa99], there are many books on this topic — a good overview is
given in [HMO02], and detailed references can be found in [Kay01] and [Tid01].
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2.2.1 Basic XPath Concepts

XPath is a language for specifying navigation within an XML document and for identi-
fying parts of the XML document. XPath views an XML document as a tree of nodes
very similar to a DOM tree, except for that in XPath there are only seven kinds of nodes:
the root node as well as element, attribute, text, comment, processing instruction, and
namespace nodes. This means especially that the XML declaration and the document
type declaration are not included in XPath’s view of an XML document. Also, all entity
references and CDATA sections are resolved.

The result of evaluating an XPath expression on a given XML document is a set of
nodes sorted according to document order. A location path expression is built of suc-
cessive location steps, which are separated by forward slashes. Each location step is
evaluated relative to a particular node in the document called the context node.

The simplest location paths and steps are the following. The forward slash / selects the
root node of the document. A single element name name selects all child elements of the
context node with the specified name. The asterisk * is a wildcard matching any element
node regardless of name. This is analogous for attributes: @name selects all attributes of
the context node with the specified name and @* matches any attribute node.

In general, each location step contains an axis and a node test separated by a double
colon. It might be suffixed with one or more predicates enclosed in square brackets that
further reduce the node set.

location-step ::= axis::node-test[predicate]

All of these parts are optional, since there is also some abbreviated syntax (see be-
low). The most common axes are the child, parent, self, attribute, and descendant-or-self
axes. There are node tests for text nodes (text()), comment nodes (comment()), processing
instructions (processing-instruction()), and all kinds of nodes (node()).

Some very common location steps have an abbreviated syntax for axis:: like shown in
the following table. Only the abbreviated syntax is allowed in XSLT match patterns (see
below).
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Location Step Abbreviation | Explanation

child::name name the child element name

self::* . the context node

parent::* . the parent node

attribute::name @name the attribute name

/descendant-or-self::node()/ | // any descendant of the context
node or the context node itself

Predicates contain a Boolean expression, which is tested for each node in the context
node list. There are some built-in functions, which can be used in predicates (and in
expressions). For instance, position() returns the position of the current node in the context
node set.

Multiple location paths can be combined with the union operator | to get the union of
the node sets retrieved by the location paths.

We conclude this subsection with a few XPath expression examples. For more exam-
ples, see the match patterns in the following subsection.

Expression matches

/lquestion all question elements in the document
@uid the uid attribute of the context node
/lquestion[@published="true’] | all questions that are published
/lquestion/paragraph the paragraphs of all questions
Itext()[.="Test] all text nodes with value Test

2.2.2 Basic XSLT Concepts

A well-formed XSLT document contains the XML declaration and an xsl:stylesheet ele-
ment (or the synonym xsl:transform) as root.

<?xml version="1.0" encoding="1SO-8859-1"?>
<xsl:stylesheet version="1.0" xmIns:xsl="http://www.w3.0rg/1999/XSL/Transform">

</xsl:stylesheet>

The attribute xmins:xs| declares the namespace xsl: for the document. This protects
against mixing up XSLT tags with tags from the XML document to be transformed. Next
is usually the description of the output format with the <xsl:output ... /> command. The
method attribute specifies the type of the output ("xml", "html", or "text"). The methods
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"xml" and "html" can be further described with the version and the document type dec-
laration (attributes doctype-public and doctype-system). If the attribute indent is set to
"yes", the XSLT parser breaks the lines of the output document more or less sensibly,
whereas everything is written on a single line when indent equals "no". The two following
examples show an xsl:output command for HTML and for XHTML respectively.

<xsl:output method="html" version="4.01" encoding="1SO-8859-1"
indent="yes" media-type="text/html"
doctype-public="-//W3C//IDTD HTML 4.01 Transitional//EN"
doctype-system="http://www.w3.0rg/TR/1999/REC-html|401-19991224/loose.dtd"/>

<xsl:output method="xml" version="1.0" encoding="1SO-8859-1"
indent="yes" media-type="text/xml"
doctype-public="-//W3C//DTD XHTML 1.0 Transitional//EN"
doctype-system="http://www.w3.org/TR/xhtmI1/DTD/xhtml1-transitional.dtd"/>

XSLT contains template rules that are applied to the nodes in the XML document.
Each template rule has an XPath pattern describing the nodes the rule should be applied
to and a number of templates. The XML element is called xsl:template and has four
attributes as the following lines show.

<xsl:template match = pattern
name = gname
priority = number
mode = gname>
<l-- some templates -->
</xsl:template>

The attribute match defines the pattern with an XPath expression. The simplest ex-
ample for this is just an element name like “question”. As an alternative to a pattern, a
template rule can be given a name. Using this attribute, a template rule can be called
independently of some node structure. The attributes priority and mode are used to define
several template rules for the same pattern. When the pattern matches, the attribute values
determine which template rule is to be called.

The processing instruction xml:stylesheet can be used to attach a stylesheet to an
XML document. It must be included in the prolog of the document and contains either an
absolute or a relative URL to the stylesheet file, see the following lines.
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<?xml version="1.0" encoding="1SO-8859-1" ?>
<?xml-stylesheet type="application/xml" href="assignment.xsl" ?>
<assignment ...>

</assignment>

A choice of templates
Templates build the body of a template rule together with text and tags that are directly
copied to the output. There are a number of templates available.

<xsl:value-of select = pattern />
The value-of template returns the value of the node selected by the pattern. The value of
an element is its text content stripped of any tags and with entity and character references
resolved.

<xsl:apply-templates select = pattern mode=gname />
This template selects all the nodes matching the pattern for processing. For each node, the
XSL processor selects a matching template rule (taking the optional mode into account)
and moves on to that rule. In particular, this might change the order of traversal.

<xsl:apply-templates />
This template processes all child nodes of the current node using preorder traversal.

The following list shows some other templates and their purpose.

xsl:text for the insertion of text, especially blanks

xsl:for-each for iteration loops

xsl:if, xsl:choose, xsl:when, and xsl:otherwise for conditional processing

xsl:copy for copying elements and xsl:copy-of for copying tree fragments

xsl:sort for sorting

For some of these, there are examples in Subsection 2.2.3.

The following lines show an example with two template rules for question and para-
graph.
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<xsl:template match="question">
<h4>Marks: <xsl:value-of select="@marks"/></h4>
<xsl:apply-templates select="paragraph"/>
</xsl:template>

<xsl:template match="paragraph">
<p><xsl:apply-templates/></p>
</xsl:template>

In the question rule, the marks of the question are output as an HTML heading <h4>.
Then the template rule for paragraph is called. The paragraph rule puts all its content into
an HTML paragraph <p>.

Built-In Template Rules

What will happen in the previous example, if there are no template rules for @marks
and for an emph subelement of paragraph? XSLT provides default built-in template rules
for the different kinds of nodes, which are applied if no specific template rule is available
in a stylesheet. For text and attribute nodes, the built-in template rule copies their value
into the output document. Be aware though that attribute nodes are only processed, when
a template rule asks for it. If there is no specific template rule for the corresponding
element, the attribute content will not be displayed. The default template rule for the root
node and for element nodes processes all child nodes by preorder traversal. For comments
and processing instructions the built-in template rule says not to output anything into the
result tree.

<xsl:template match="text()|@*">
<xsl:value-of select="."/>
</xsl:template>

<xsl:template match="*|/">
<xsl:apply-templates/>
</xsl:template>

<xsl:template match="processing-instruction()jcomment()"/>

2.2.3 Running Examples

In the following examples, we are especially interested in ordering, sorting and numbering
elements.

The simplest way of changing the order of elements is writing the templates in the
desired order.
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<xsl:template match="assignment[@uid="A2"]">
<xsl:apply-templates select="asHasQu/question[@uid="Q1"]"/>
<xsl:apply-templates select="asHasQu/question[@uid="Q2']"/>
</xsl:template>

The shown template rule for “Assignment 2” (see Listing 2.7) calls a template rule
for question “Q1” before calling one for question “Q2”. There might be two different
template rules for the questions, but there might be just one template rule as well. This
approach has the disadvantage that a stylesheet must be written for each assignment.

A more general approach is possible because “Assignment 2” contains ordinal at-
tributes; it is shown in the following lines.

1 <xsl:for-each select="asHasQu'>

2 <xsl:sort select="@ordinal’ data-type="number'/>

3 <h3><a id="question/@uid"/>

4 Question <xsl:number value="position()" /></h3>
5 <xsl:apply-templates select="question"/>

6  </xsl:for-each>

The xsl:for-each command loops over all asHasQu elements, but before the loop is
started, the xsl:sort command is executed. It sorts the asHasQu elements by their ordinal
attribute using the data type number (number sorts the values 2, 1, 10 as 1, 2, 10 whereas
the default value text sorts them as 1, 10, 2). In the third line, an HTML anchor is gen-
erated. In line 4 the xsl:number command outputs the number of each question on this
assignment as “Question 1”, “Question 2” and so on, using the XPath expression posi-
tion() which returns the position of a node between its siblings. Afterwards the question
rule is called.

Listing 2.11 shows the complete stylesheet for the XML running examples “Assign-
ment 1” and “Assignment 2”. It has templates for assignment, question, paragraph, exam,
text, and strong. The keywords of the question are seen as an aid for the author of the
assigment only and are not printed on the assignment.

The complete HTML output for “Assignment 1” is shown in Listing 2.12, and the
body of the HTML document for “Assignment 2” in Listing 2.13. Since there is no tem-
plate rule for emph, the built-in template rule for elements is used. For completeness, the
XSL templates and the HTML output for “Assignment 3”, “Question 4” and “Question
5” are shown in the Listings 2.14 to 2.19.
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Listing 2.11 XSL stylesheet for “Assignment 1” and “Assignment 2”

<?xml version="1.0" encoding="1SO-8859-1"7>
<xsl:stylesheet version="1.0" xmlIns:xs|="http://www.w3.0rg/1999/XSL/Transform">

2

3

4  <xsl.output method="html" version="4.01" encoding="1S0O-8859-1"

5 indent="yes" media-type="text/html"

6 doctype-public="-//W3C//IDTD HTML 4.01 Transitional//EN"

7 doctype-system="http://www.w3.0rg/TR/1999/REC-htmI401-19991224/loose.dtd"/>
8
9

<xsl:template match="assignment">

10 <html>

11 <head> <title><xsl:value-of select="number"/></title> </head>
12 <body>

13 <hl><xsl:value-of select="number’/>

14 <xsl:if test="dateOflssue’>- <xsl:value-of select="dateOflssue’/></xsl:if>
15 </h1>

16 <xsl:if test="deadline’>

17 <h2>Deadline: <xsl:value-of select="deadline’/></h2>
18 </xslif>

19 <xsl:for-each select="asHasQu">

20 <xsl:sort select="@ordinal’ data-type="number'/>

21 <h3><a id="question/@uid"/>

22 Question <xsl:number value="position()" /></h3>
23 <xsl:apply-templates select="question"/>

24 </xsl:for-each>

25 <hr />

26 <xsl:apply-templates select="exam"/>

27 </body>

28 </html>

29 </xsl:template>

30

31 <xslitemplate match="question">

32 <h4>Marks: <xsl:value-of select="@marks"/></h4>
33 <xsl:apply-templates select="paragraph"/>

34 </xsl:template>

35

36 <xslitemplate match="paragraph">

37 <p><xsl:apply-templates/></p>

38 </xslitemplate>

39

40 <xsl:template match="exam">

41 <p><i>Note:</i><xsl:apply-templates>

42 <xsl:sort select="@ordinal" data-type="number"/>
43 </xsl:apply-templates></p>

44  </xsl:template>

45

46 <xslitemplate match="text’>

47 <xslitext> </xsl:text><xsl:apply-templates/><xsl:text> </xsl.text>
48 </xsl:template>

49

50 <xsl:template match="strong">

51 <strong><xsl:apply-templates/></strong>

52 </xsl:template>

53

54 </xsl:stylesheet>
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Listing 2.12 HTML output for “Assignment 1”

<IDOCTYPE HTML PUBLIC "-//W3C//IDTD HTML 4.01 Transitional//EN"
"http:/lwww.w3.0rg/TR/1999/REC-html401-19991224/loose.dtd">
<html>
<head>
<META http-equiv="Content-Type" content="text/html; charset=1S0O-8859-1">
<title>Assignment 1</itle>
</head>
<body>
<hl>Assignment 1 - June 17, 2002</h1>
<h2>Deadline: Monday, June 24, 2002, 4pm</h2>
<h3><aid="DB1_Su2002_Al_Q1"></a>Question 1</h3>
<h4>Marks: 4</h4>
<p>Translate the <strong>Company</strong>
ER schema into a relational schema. </p>

<hr>

<p><i>Note:</i> The exam is an <strong>open book</strong> exam.</p>
</body>
</html>

Listing 2.13 HTML output for “Assignment 2”
<body>
<hl>Assignment 2</h1>
<h3><a id="Q1">Question 1</a></h3>
<h4>Marks: 4</h4>
<p>Prove Lemma 2.1.</p>
<h3><a id="Q2">Question 2</a></h3>
<h4>Marks: 4</h4>
<p>Prove Lemma 2.2.</p>
<hr>
</body>
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Listing 2.14 XSL templates for “Assignment 3”

<xsl:template match="assignment’>

<xsl:if test="isAssignmentOfCourse’>
<h2><xsl:apply-templates select="isAssignmentOfCourse/course’/></h2>
</xsl:if>

</xsl:template>

<xsl:template match="course’>
<xsl:value-of select="name’/><xsl|.text> - </xsl.text>
<xsl:value-of select="semester’/>

</xsl:template>

Listing 2.15 HTML output for “Assignment 3”

<body>
<h1>Assignment 3 - October 21, 2002</h1>
<h2>Fundamentals of Computer Science 1 - Winter 2002/03</h2>
<h2>Deadline: Monday, October 28, 2002, 4pm</h2>

</body>
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Listing 2.16 XSL templates for “Question 4”

<xsl:template match="question[@uid="Question4"]'>
<h4>Marks: <xsl:value-of select="@marks’'/></h4>
<xsl:apply-templates mode="extended>
<xsl:sort select="@ordinal’ data-type="number’/>
</xsl:apply-templates>
</xsl:template>

<xsl:template match="paragraph’ mode="extended’>
<xsl:apply-templates/><xsl:text> </xsl:text>
</xsl:template>

<xsl:template match=link’ mode="extended’>

<xsl:text> </xsl:text>

<a href="{href}"><xsl:value-of select="text'/></a><xsl:text> </xsl:text>
</xsl:template>

<xsl:template match="text’ mode="extended’>
<xsl:text> </xsl:text><xsl:apply-templates/><xsl:text> </xsl:text>
</xsl:template>

Listing 2.17 HTML output for “Question 4”

Solve

<a href="A2.html#Q2">question 2 of assignment 2</a>
by using

<a href="#Q3">question 1</a>

and Theorem 3 in the lecture notes.
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Listing 2.18 XSL templates for “Question 5
<xsl:template match="question[@uid="Question5"]'>
<h4>Marks: <xsl:value-of select="@marks'/></h4>
<xsl:apply-templates select="paragraph"/>
<xsl:apply-templates select="figure"/>
</xsl:template>

<xsl:template match="figure’>
<img src="{filename}" alt="{@uid}"
width="{width}" height="{height}"/>
</xsl:template>

Listing 2.19 HTML output for “Question 5
<p>Transform the shown ER schema into a relational schema.</p>
<img height="131" width="226"
alt="Figure_Company_ER"
src="company_ERschema.gif">
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2.3 XML Query Languages

The XML Query Working Group of the W3C has been working on a standardized query
language for XML since 1998, but the specification of XQuery still has the stage Working
Draft [XQu03].

Commercial XML database systems (see Chapter 3) mostly use XPath with extensions
for queries over multiple documents. Research groups often preferred XML-QL [XQL98]
during the last years, but there are also numerous proprietary query languages for XML.

During the design phase and the implementation of RelAndXML, the possible out-
come of the XML Query Working Group was still very unclear. Furthermore, the avail-
ability of an implementation of the query language was unclear. The usual way for re-
searchers was to write their own translator from the preferred XML query language to
the query language of the chosen database, for instance to SQL for a relational database
[TVB*02, YASUO1]. Since the implementation of such a translator is a project of its
own, we decided that the use of an XML query language is out of the scope of the project
ReAndXML . We use SQL to query the data in RelAndXML .

In the future, XQuery will most probably be the most popular XML query language.
Many XML database vendors have already implemented some version of XQuery. The
current version of XQuery and a list of implementations can be found at [ XMQO03]. If we
implement an add-on for RelAndXML in the future, it will use XQuery. We give a very
brief introduction in the following.

XQuery is a query language for XML documents and collections of these documents.
It is an extension of XPath 2.0, which means that (almost) every XPath expression is an
XQuery expression. XQuery uses the same data model as XPath, so it has the same seven
kinds of nodes: document, element, attribute, text, namespace, processing instruction, and
comment. It is a functional language: each expression operates on instances of the data
model and produces an instance of the data model.

The FLWR expression (say “flower”) is as central to XQuery as SELECT is to SQL.
It consists of one or more FOR and/or LET clauses, an optional WHERE clause, and a
RETURN clause.

The FOR and LET clauses bind variables differently as the following examples show.
The result of the XQuery expression

LET $i := (<one/>, <two/>)
RETURN <r>{$i}</r>

iS  <r><one/><two/></r>. The result of
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FOR $i := (<one/>, <two/>)
RETURN <r>{$i}</r>

is  <r><one/></r><r><two/></r>. The WHERE clause filters the tuples selected in the
LET and FOR clauses. The RETURN clause generates an XML fragment for every tuple
in the result.

Joins are very similar to SQL joins. The following query shows a join that selects
pairs of assignments and questions whose author is the same. The FOR clause selects
all assignment and question fragments in the queried document and the WHERE clause
filters these fragments leaving only those, where the author is the same. The RETURN
clause creates an element <sameauthor> for each pair, with attributes for the author and
the user identifiers of the assignment and the question.

FOR $a IN //assignment, $q IN //question
WHERE $a/@author = $g/@author
RETURN <sameauthor author={$a/@author}
assignment={$a/@uid} question={$a/@uid}></sameauthor>

For more information on XQuery, see for example [EMO02a] or [Sch03b].

24 Summary: RedAndXML'sWorld

In this chapter, we gave an introduction to the XML world which is based on XML and
DTDs. XML documents can now be classified in data-centric, document-centric and
hypertext-centric documents. RelAndXML is designed for hypertext-centric documents,
which contain structured, data-centric text modules as well as unstructured, document-
centric parts. Graphs, DOM and SAX can be used as data models for XML. We use
XSLT and XPath to convert XML documents to the output language HTML or XHTML.
The chapter contains running examples for XML, XSLT and HTML that are used in the
following chapters. XML query languages are out of the scope of this thesis. We use SQL
to query the data in RelAndXML .



Chapter 3

Selecting a Database System for
RelAndXML

The aim of this chapter is the selection of a suitable database type for the system RelAnd-
XML without introducing a dependency on a single DBMS product. In the first section,
we introduce three types of XML databases. The second section contains an overview
of the various data models which are in use for XML databases and lists some of the
products built on these data models together with their XML database type. We also ex-
plain why we decided on using an object-relational DBMS for Rel/AndXML . In the third
section, we describe various features of the SQL standard and list which of them are im-
plemented in the most popular object-relational DBMSs. We concentrate on features that
we considered using for RelAndXML and which influenced our decision for a particular
ORDBMS. Furthermore, we describe the new SQL/XML part of the SQL standard, which
will most probably be published in 2003, and the quite different current XML extensions
of the most popular ORDBMSs. The final section summarizes the decision to implement
Re AndXML as middleware on an object-relational DBMS.

3.1 Typesof XML Databases

A general definition for an XML database is the following.

An XML database is a collection of XML documents that persis