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Preface

This book comes to you as a result of the collaboration of two authors who became interested in
the topic in very different ways. Hopefully our motivations will help you understand what we
each bring to the book, and perhaps prove to be at least a little entertaining as well.

Chris Jones started using XML several years ago, and began using Python more recently. As a
consultant for major companies in the Seattle area, he first used XML as the core data format for
web site content in a home-grown publishing system in 1997. But he really became an XML
devotee when developing an open source engine, which eventually became the key technology
for Planet 7 Technologies. As a consultant, he continues to use XML on an almost daily basis for
everything from configuration files to document formats.

Chris began dabbling in Python because he thought it was a clean, object-oriented alternative to
Perl. A long-time Unix user (but one who frequently finds himself working with Windows in
Seattle), he has grown accustomed to scripting languages that place the full Unix API in the
hands of developers. Having used far too much Java and ASP in web development over the years,
he found Python a refreshing way to keep object-orientation while still accessing Unix sockets
and threads—all with the convenience of a scripting language.

The combination of Python and XML brings great power to the developer. While XML is a
potent technology, it requires the programmer to use objects, interfaces, and strings. Python does
so as well, and therefore provides an excellent playpen for XML development. The number of
XML tools for Python is growing all the time, and Chris can produce an XML solution in far less
time using Python than he can with Java or C++. Of course, the cross-platform nature of Python
keeps our work consistently usable whether we're developing on Windows, Linux, or a Unix
variant—the combination of which we both seem to find powerful.

Fred Drake came to Python and XML from a different avenue, arriving at Python before XML.
He discovered Python while in graduate school experimenting with a number of programming
languages. After recognizing Python as an excellent language for rapid development, he
convinced his advisors that he should be able to write his masters project using Python. In the
course of developing the project, he became increasingly interested in the Python community. He
then made his first contributions to the Python standard library, and in so doing became noticed
by a group of Python programmers working on distributed systems projects at the research
organization of CNRI. The group was led by Guido van Rossum, the creator of Python. Fred
joined the team and learned more about distributed systems and gluing systems together than he
ever expected possible, and he loved it.

While still in graduate school, Fred argued that Python's documentation should be converted to a
more structured language called SGML. After a few years at CNRI, he began to do just that, and
was able to sink his teeth into the documentation more vigorously. The SGML migration path
eventually changed to an XML migration path as XML acceptance grew. Though that goal has
not yet been achieved (he is still working on it), Fred has substantially changed the way the
documentation is maintained, and it now represents one of the most structured applications of the
typesetting and document markup system developed by Donald Knuth and Leslie Lamport.

Over time, the team from CNRI became increasingly focused on the development of Python, and
moved on to form PythonLabs. Fred remained active in XML initiatives around Python and
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pushed to add XML support to the standard library. Once this was achieved, he returned to the
task of migrating the Python documentation to XML, and hopes to complete this project soon.

Audience

This book is for anyone interested in learning about using Python to build XML applications. The
bulk of the material is suited for programmers interested in using XML as a data interchange
format or as a transformable format for web content, but the first half of the book is also useful to
those interested in building more document-oriented applications.

We do not assume that you know anything about XML, but we do assume that you have looked at
Python enough that you are comfortable reading straightforward Python code; however, you do
not need to be a Python guru. If you do not know at least a little Python, please consult one of the
many excellent books that introduce the language, such as Learning Python, by Mark Lutz and
David Ascher and Lutz (O'Reilly, 1999). For the sections where web applications are developed,
it helps to be familiar with general concepts related to web operations, such as HTTP and HTML
forms, but sufficient information is included to get you started with basic CGI scripting.

Organization
This book is divided into ten chapters and six appendixes, as follows:

Chapter 1

This chapter offers a broad overview of XML and why Python is particularly
well-suited to XML processing.

Chapter 2

This chapter provides a good introduction to XML for newcomers and a
refresher for programmers who have some familiarity with the standard.

Chapter 3

This chapter gives a detailed introduction to using Python with the SAX
interface, for generating parse events from an XML data stream.

Chapter 4

This chapter provides an introduction to working with DOM, which is the
dominant object-oriented, tree-based API to an XML document.

Chapter 5

This chapter discusses using a traversal language to extract portions of
documents that meet your application's requirements.

Chapter 6

This chapter details using XSLT to perform transformations on XML
documents.
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Chapter 7

This chapter discusses validating XML generated from other sources.

Chapter 8

This chapter provides an overview of Python's high-level support for Internet
protocols, including tools for building both clients and servers for HTTP.

Chapter 9

This chapter offers discussion of and examples showing how to build and use
web services with Python.

Chapter 10

This chapter is an extended example that shows a variety of approaches to
applying Python in constructing an XML-based distributed system.

Appendix A

This appendix provides instructions on installing Python and the major XML
packages used throughout this book.

Appendix B

This appendix gives a list of definitions from the XML specification and a
Python script to extract them from the specification itself.

Appendix C

This appendix offers detailed API information for using the dominant event-
based XML interface in Python.

Appendix D

This appendix provides detailed interface documentation for using the
standard tree-oriented API for XML from Python.

Appendix E

This appendix gives information on Microsoft's XML libraries available for
Python.

Appendix F

This appendix is a summary of the many additional tools that are available for
using XML with Python, and a list of starting points for additional information
on the Web.

Conventions Used in This Book
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The following typographical conventions are used throughout this book:
Bold

Used for the occasional reference to labels in graphical user interfaces, as well
as user input.

Italic

Used for commands, URLs, filenames, file extensions, directory or folder
names, emphasis, and new terms where they are defined.

Constant width

Used for constructs from programming languages, HTML, and XML, both
within running text and in listings.

Constant width italic
Used for general placeholders that indicate that an item should be replaced by

some actual value in your own program. Most importantly, this font is used
for formal parameters when discussing the signatures of API methods.

How to Contact Us

We have tested and verified all the information in this book to the best of our abilities, but you
may find that features have changed or that we have let errors slip through the production of the
book. Please let us know of any errors that you find, as well as suggestions for future editions, by
writing to:

O'Reilly & Associates, Inc.

1005 Gravenstein Highway North

Sebastopol, CA 95472

1-800-998-9938 (in the United States or Canada)

1-707-829-0515 (international/local)

1-707-829-0104 (fax)

You can also send us messages electronically. To be put on the mailing list or to request a catalog,
send email to:

info@oreilly.com

To ask technical questions or comment on the book, send email to:

bookquestions@oreilly.com
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We have a web site for the book, where we'll list examples, errata, and any plans for future
editions. You can access this page at:

http://www.oreilly.com/catalog/pythonxml/

For more information about this book and others, see the O'Reilly web site:

http://www.oreilly.com/
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Chapter 1. Python and XML

Python and XML are two very different animals, each with a rich history. Python is a full-scale
programming language that has grown from scripting world roots in a very organic way, through
the vision and guidance of Python's inventor, Guido van Rossum. Guido continues to take into
account the needs of Python developers as Python matures. XML, on the other hand, though
strongly impacted by the ideas of a small cadre of visionaries, has grown from standards-
committee roots. It has seen both quiet adoption and wrenching battles over its future. Why
bother putting the two technologies together?

Before the Python/ XML combination, there seemed no easy or effective way to work with XML
in a distributed environment. Developers were forced to rely on a variety of tools used in
awkward combination with one other. We used shell scripting and Perl to process text and
interact with the operating system, and then used Java XML API's for processing XML and
network programming. The shell provided an excellent means of file manipulation and interaction
with the Unix system, and Perl was a good choice for simple text manipulation, providing access
to the Unix APIs. Unfortunately, neither sported a sophisticated object model. Java, on the other
hand, featured an object-oriented environment, a robust platform API for network programming,
threads, and graphical user interface (GUI) application development. But with Java, we found an
immediate lack of text manipulation power; scripting languages typically provided strong text
processing. Python presented a perfect solution, as it combines the strengths of all of these
various options.

Like most scripting languages, Python features excellent text and file manipulation capabilities.
Yet, unlike most scripting languages, Python sports a powerful object-oriented environment with
a robust platform API for network programming, threads, and graphical user interface
development. It can be extended with components written in C and C++ with ease, allowing it to
be connected to most existing libraries. To top it off, Python has been shown to be more portable
than other popular interpreted languages, running comfortably on platforms ranging from massive
parallel Connection Machines to personal digital assistants and other embedded systems. As a
result, Python is an excellent choice for XML programming and distributed application
development.

It could be said that Python brings sanity and robustness to the scripting world, much in the same
way that Java once did to the C++ world. As always, there are trade-offs. In moving from C++ to
Java, you find a simpler language with stronger object-oriented underpinnings. Changing to a
simpler language further removed from the low-level details of memory management and the
hardware, you gain robustness and an improved ability to locate coding errors. You also
encounter a rich API equipped with easy thread management, network programming, and support
for Internet technologies and protocols. As may be expected, this flexibility comes at a cost: you
also encounter some reduced performance when comparing it with languages such as C and
C++.

Likewise, when choosing a scripting language such as Python over C, C++, or even Java, you do
make some concessions. You trade performance for robustness and for the ability to develop
more rapidly. In the area of enterprise and Internet systems development, choosing reliable
software, flexible design, and rapid growth and deployment are factors that outweigh the
performance gains you might get by using a language such as C++. If you do need some of the
performance back, you can still implement speed-sensitive components of your application in C
or C++, but you can avoid doing so until you have profiling data to help you pinpoint what is
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really a problem and what only might be a problem. (How to perform the analysis and write
extensions in C/C++ is a topic for other books.)

Regardless of your feelings on scripting languages, Java, or C++, this book focuses on XML and
the Python language. For those who are new to XML, we will start with an overview of why it is
interesting, and then we'll move on to using it from Python and seeing how we make our XML
applications easier to create.

1.1 Key Advantages of XML

XML has a few key advantages that make it the data language of choice on the Internet. These
advantages were designed into XML from the beginning, and, in fact, are what make it so
appealing to Internet developers.

1.1.1 Application Neutrality

First, XML is both human- and machine-readable. This is not a subtle point. Have you ever tried
to read a Microsoft Word document with a text editor? You can't if it was saved as a .doc file,
because the information in a .doc document is in a binary (computer readable only) format, even
though most Word documents primarily consist of text. A Word document cannot be shared with
any other application besides Word—unless that application has been taught the intricacies of
Word's binary format. In this case, the application must also be taught to expect changes in
Word's format each time there is a new release from Microsoft.

This sounds annoying for the developer, but how bad is it, really? After all, Word is incredibly
popular, so it must not be too hard to figure out. Let's look at the top of the Word file that
contains this chapter:

I ajt a > v B D

yyy 2. G A VYVYVVIVIVYIYIVIVIVIVYIYIVIVIvyvyyvyvyvyyyyyyvyvyy
YYYYYYYYYyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyvy
YYYYYYYYYyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyyvy
YYYYYYYYyyyyyyyyvyyyyyyyyyyyyyyyyyyyy vy vy Yy vy Yy Yy Yy Yy IYVYYyy
YYYYYYYyyyyyyyyyyyyyyyyyyy vy vy Yy yy Yy Yy Y YIYYIYYYYIYYYYYYYYYTYy

VYYYYYVYYYYYYIVVYYYVIIIVYYYYVYIVYYYYVIIVVYYYVIYIVYYYVYIIvYyyyyyvyvvyyy

GIYVVYYYYYY IV IIIIViEA 7 e . o>
bjbju U 0, 71 71 w_ C

gy gy yy_ 1 E_
£ B £ £ £ E g

This certainly looks familiar to anyone who has ever opened a Word file with a text editor. We
don't see our recognizable text (the content we intended) so we must assume it is buried deep in
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the file. Determining what the true content is and where it is can be difficult, but it shouldn't be. It
is our data, after all. Let's try another supported format: "Rich Text Format," or RTF. Unlike
the .doc file, this format is text-based, and should therefore be a bit easier to decipher. We search
down in the file to find the start of our text:

\par }\pard \s34\qgr
\110\ri0\sb80\sa480\s1240\slmultO0\widctlpar\aspalphalaspnum\faauto\out
linelevelO\widctlpar\aspalphal\aspnum\faauto\outlinelevelO\pnrauthl\pnr
date-967302179\pnrnotl\adjustright\rin0\1in0\itap0 {\b0\fs48 Combining
Python and XML} {

\b0O\deleted\fs48\revauthdell\revdttmdel-2041034726 Fundamentals}{\bO\f
s48\revised\revauthl\revdttm-2041034726 2} {\b0\fs48

\par }\pard\plain \qgj

This is better. The chapter title is visible, so we can try to decipher the structure from that point
forward. The markup appears to be complex, and there's a hint of an old version of the chapter
title. To extract the text we actually want, we need to understand the Word model for revision
tracking, which still presents many challenges.

XML, on the other hand, is application-neutral. In other words, an XML document is usually
processed by an XML parser or processor, but if one is not available, an XML document can be
easily read and parsed. Data kept in XML is not trapped within the constraints of one particular
software application. The ability to read rich data files can become very valuable when, for
example, 20 years from now, you dig up a CD-ROM of old business forms that you suddenly find
you need again. Will QuickBooks still allow you to extract this same data in 2021? With XML,
you can read the data with any text editor.

Let's look at this chapter in XML. Using markup from a common document type for software
manuals and documentation (DocBook), it appears somewhat verbose, and doesn't include
change-tracking information, but we can identify the text quite easily now:

<chapter>
<title>Python and XML</title>
<para>Python and XML are two very different animals, each with a

rich history. Python is a full-scale programming language that has
grown

from scripting world roots, and has done so in a very organic way

Note that additional characters appear in the document (other than the document content); these
are called markup (or tags). We saw this in the RTF version of the document as well, but there
were many more bits of text that were difficult to decipher, and we can reasonably surmise that
the strange data in the MS Word document would correspond to this in some way. Were this a
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book on RTF, you would quickly surmise two things: RTF is much more like a printer control
language than the example of XML we just looked at, and writing a program that understands
RTF would be quite difficult. In this book, we're going to show you that XML can be used to
define languages that fit your application, and that creating programs that can decipher XML is
not a difficult task, especially with the help of Python.

1.1.2 Hierarchical Structure

XML is hierarchical, and allows you to choose your own tag names. This is quite different from
HTML. In XML, you are free to create elements of any type, and stack other elements within
those elements. For example, consider an address entry:

<?xml version="1.0"?>

<address>
<name>Bubba McBubba</name>
<street>123 Happy Go Lucky Ln.</street>
<city>Seattle</city><state>WA</state><zip>98056</zip>

</address>

In the above well-formed XML code, I came up with a few record names and then lumped them
together with data. XML processing software, such as a parser (which you use to interpret the
syntactic constructs in an XML document), would be able to represent this data in many ways,
because its structure has been communicated. For example, if we were to look at what an
application programmer might write in source code, we could turn this record into an object
initialized this way:

addr = Address( )

addr.name = "Bubba McBubba"
addr.street = "123 Happy Go Lucky Ln."
addr.city = "Seattle"

addr.state = "WA"

addr.zip = "98056"

This approach makes XML well-suited as a format for many serialized objects. (There are some
constructs for which XML is not so well suited, including many formats for large numerical
datasets used in scientific computing.) XML's hierarchical structure makes it easy to apply the
concept of object interfaces to documents—it's quite simple to build application-specific objects
directly from the information stream, given mappings from element names to object types. We
later see that we can model more than simple hierarchical structures with XML.

1.1.3 Platform Neutrality
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Remember that XML is cross-platform. While this is mainly a feature of its text-based format, it's
still very much true. The use of certain text encodings ensures that there are no misconceptions
among platforms as to the arrangement of an XML document. Therefore, it's easy to pass an
XML purchase order from a Unix machine to a wireless personal digital assistant. XML is
designed for use in conjunction with existing Internet infrastructure using HTTP, SSL, and other
messaging protocols as they evolve. These qualities make XML lend itself to distributed
applications; it has been successfully used as a foundation for message queuing systems, instant
messaging applications, and remote procedure call frameworks. We examine these applications
further in Chapter 9 and Chapter 10. It also means that the document example given earlier is
more than simply application-neutral, and can be readily moved from one type of machine to
another without loss of information. A chapter of a technical book can be written by a
programmer on his or her favorite flavor of Unix, and then sent to a publisher using book
composition software on a Macintosh. The many difficult format conversions can be avoided.

1.1.4 International Language Support

As the Internet becomes increasingly pervasive in our daily lives, we become more aware of the
world around us — it is a culture-rich and diversified place. As technologists, however, we are
still learning the significance of making our software work in ways that supports more than one
language at a time; making our text-processing routines "8-bit safe" is not only no longer
sufficient, it's no longer even close.

Standards bodies all over the world have come up with ways that computers can interchange text
written in their national languages, and sometimes they've come up with several, each having
varying degrees of acceptance. Unfortunately, most applications do not include information about
which language or interchange standard their data is written in, so it is difficult to share
information across the cultural and linguistic boundaries the different standards represent.
Sometimes it is difficult to share information within such boundaries if multiple standards are
prominent.

The difficulties are compounded by very substantial cultural differences that present themselves
about how text is handled. There are many different writing systems in addition to the western
European left-to-right, top-to-bottom style in which this book is written; right-to-left is not
uncommon, and top-to-bottom "lines" of text arranged right-to-left on the page is used in China.
Hebrew uses a right-to-left writing system, but numbers are written using Arabic numerals from
left to right. Other systems support textual annotations written in parallel with the text. Consider
what happens when a document includes text from different writing systems!

Standards bodies are aware of this problem, and have been working on solutions for years. The
editors of the XML specification have wisely avoided proposing new solutions to most of these
issues, and are instead choosing to build on the work of experts on the topic and existing
standards.

The International Organization for Standardization (ISO) and the Unicode Consortium
(http://www.unicode.org/ ) have arrived at a single standard that, while not perfect, is perhaps
the most capable standard attempting to unify the world's text representations, with the intent that
all languages and alphabets (including ideographic and hieroglyphic character sets) are
representable. The standard is known as ISO/IEC 10646, or more commonly, Unicode. Not all
national standards bodies have agreed that Unicode is the standard for all future text interchange
applications, especially in Asia, but there is widespread belief that Unicode is the best thing
available to serve everyone. The standard deals with issues including multidirectional text,
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capitalization rules, and encoding algorithms that can be used to ensure various properties of data
streams. The standard does not deal specifically with language issues that are not tied intimately
to character issues. Software sensitive to natural language may still need to do a lot beyond using
Unicode to ensure proper collation of names in a particular language (or multiple languages!).
Some languages will require substantial additional support for proper text rendering (Arabic, for
instance, which requires different letterforms for characters based on their position within a word
and based on neighboring letterforms).

The World Wide Web Consortium (W3C) made a simple and masterful stroke to make it easier to
use both the older interchange standards and Unicode. It required that all XML documents be
Unicode, and specified that they must describe their own encoding in such a way that all XML
processors were able to determine what encoding the document was written in. A few specific
encodings must be recognized by all processors, so that it is always possible to generate XML
that can be read anywhere and represent all of the world's characters. There is also a feature that
allows the content of XML documents to be labeled with the actual language it is written in, but
that's not used as much as it could be at this time.

Since XML documents are Unicode documents, the languages of the world are supported. The
use of Unicode and encodings in XML are discussed in some detail in Chapter 2. Unicode
strings have been a part of Python since Version 2.0, and the Python standard library includes
support for a large number of encodings.

1.2 The XML Specifications

In the trade press, we often see references about how XML "now supports" some particular
industry-specific application. The article that follows is often confused, offering some small
morsel of information about an industry consortium that has released a new specification for an
XML-based language to support interoperability of data within the consortium's industry. As
technical people, we usually note that it doesn't apply to the industries we're involved in, or else it
does, but the specification is too early a draft to be useful. In fact, our managers will probably
agree with us most of the time, or they'll be privy to some relevant information that causes them
to disagree. If we step up the corporate ladder a couple more rungs, however, we often find an
increase in the level of confusion over XML. Sometimes, this is accompanied by either a call to
"adopt XML" (too often with a list of particular specifications that are not intended to be used
together), or a reaction that XML is too immature to use at all.

So we need to think about just what we can work with that will meet the following criteria:

It must make technical sense for our application.

It should be sufficiently well-defined that implementation is possible.

It must be able to be explained and justified to (at least) our direct managers.

It won't freak out the upper management.

Ok, we're technical people, so we may have to ignore that last item; it certainly won't be covered
in this book. In fact, most of this really can't be covered in technical material. There are many
specifications in various stages of maturity, and most are specific to one industry or another.
However, we can point out what the foundation specifications are, because those you will need

regardless of your industry or other requirements.
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1.2.1 XML 1.0 Recommendation

The XML specification itself is a document created and maintained by the W3C. As of this
writing, the current version is Extensible Markup Language (XML) 1.0 (Second Edition), and
is available from the W3C web site at http://www.w3.0org/TR/REC-xml. (The second edition
differs from the first only in that some editorial corrections and clarifications have been made; the
specification is stable.)

XML itself is not a markup language, but a meta-language that can be used to define specific
markup languages. In this, it inherits much from SGML. The specification covers five aspects of
markup languages:

Range of structural forms which can be marked
Specific syntax of markup components

A schema language used to define specific languages
Definition of validity constraints

Minimum requirements for processing tools

Unlike SGML, XML allows itself to be used without defining an explicit markup language in any
formal way. Whether or not this is useful for your applications, it has greatly accelerated the
acceptance of XML-based technologies in some developer communities. This can happen
because of the lower cost of entrance to the XML space. It is possible to adopt XML without
learning some of the more esoteric corners of the specification, and development prototypes can
start using XML technologies without a lot of advance planning.

Chapter 2 presents the most widely used parts of the specification and goes into more depth on
what are the most important items to most readers of this book. If any of the details are of
particular interest to you, please spend some time reading relevant parts of the specification.
While it is at times a bit convoluted, it is not generally a difficult specification to read.

1.2.2 Namespaces in XML

While the XML 1.0 recommendation defines specific syntactic aspects of XML and one way of
creating document types, it does not discuss how to combine components from multiple
document  types. The  Namespaces in XML  recommendation, available at
http://www.w3.0rg/TR/REC-xml-names (referred to as Namespaces from now on), deals
with the syntactic and structural mechanics of combining structured components from different
specifications, but is largely silent on the meaning of resulting combinations. For this, it defers to
specifications that had not been written when Namespaces was published.

This recommendation places some additional constraints on the syntactic construction of
conformant documents. It allows a document to specify the source of each element or attribute by
placing it in a namespace. Each namespace provides definitions for elements and attributes. How
the elements and attributes are defined is not covered in this specification, so the concept of
validation of an arbitrary document that uses namespaces is not entirely clear. It is possible to
create a document type using XML 1.0 that has some support for namespaces, but such a schema
loses much of the flexibility offered by the Namespaces specification. For example, the document
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type would have to specify the particular prefixes to which each namespace is bound, while the
Namespaces specification allows prefixes to be determined by the document rather than the
schema. Alternate schema languages that have better support for Namespaces have been defined;
these are discussed briefly in Chapter 2.

1.2.3 XML as a Foundation

Like its predecessor SGML, XML provides a way to define languages that fit the requirements of
your application. By specifying the exact syntax of the grammatical elements (such as the
characters used to mark the start of an element), it has reduced the effort required to build
conforming software—the components needed to extract an application's data from XML are far
smaller and simpler to use than the corresponding components are for SGML.

The additional specifications, which the trade press so enjoy discussing every time a news release
comes out, are generally built by defining new languages using the base XML and Namespaces
recommendations. These are often documented by schema definitions (the forms that these take
are described in Chapter 2) as well as committee-driven documents that attempt to explain how
the language should be used. Since every industry has at least one consortium that deals in part
with data interchange between different components of the industry (think of doctors, pharmacies,
and hospitals in the health care field), many standards take this form. Many of the standards for
XML are derived from earlier efforts using older SGML industry-specific languages, and many
are new.

Locating information about the languages that have been defined for your industry may be easy
or it may be difficult. There are many resources you can use to locate relevant specifications:

http://www.schema.net/

This web site contains information on a range of standards based on XML,
including general business-oriented specifications, industry-specific standards,
interoperable languages for academic research, and general Internet-related
specifications.

http://www.biztalk.com/

Information about the Microsoft-sponsored "BizTalk" range of business
interoperability specifications can be found at this web site.

http://www.ebxml.org/

The "e-business XML" initiative, or ebXML, grows out of the EDI community,
and generally competes with BizTalk.

http://www.w3.org/

For general Internet-related specifications, the World Wide Web Consortium is
perhaps the best place to look; the working groups there have a broad
constituency and the results of their efforts have a high level of uptake
wherever they apply.

http://www.google.com/
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If all else fails, try searching here for "XML" and various keywords related to
your industry (especially the names of major industry consortia).

1.3 The Power of Python and XML

Now that we've introduced you to the world of XML, we'll look at what Python brings to the table.
We'll review the Python features that apply to XML, and then we'll give some specific examples
of Python with XML. As a very high-level language, Python includes many powerful data
structures as part of the core language and libraries. The more recent versions of Python, from 2.0
onward, include excellent support for Unicode and an impressive range of encodings, as well as
an excellent (and fast!) XML parser that provides character data from XML as Unicode strings.
Python's standard library also contains implementations of the industry-standard DOM and SAX
interfaces for working with XML data, and additional support for alternate parsers and interfaces
is available.

Of course, this much could be said of other modern high-level languages as well. Java certainly
includes an impressive library of highly usable data structures, and Perl offers equivalent data
structures also. What makes Python preferable to those languages and their libraries? There are
several features, of which we briefly discuss the most important:

Python source code is easy to read and maintain.

The interactive interpreter makes it simple to try out code fragments.

Python is incredibly portable, but does not restrict access to platform-specific capabilities.
The object-oriented features are powerful without being obscure.

There are many languages capable of doing what can be done with Python, but it is rare to find all
of the "peripheral" qualities of Python in any single language. These qualities do not so much
make Python more capable, but they make it much easier to apply, reducing programming hours.
This allows more time to be spent finding better ways to solve real problems or just allows the
programmer to move on to the next problem. Here we discuss these features in more detail.

Easy to read and maintain

As a programming language, Python exhibits a remarkable clarity of
expression. Though some programmers accustomed to other languages view
Python's use of significant whitespace with surprise, everyone seems to think
it makes Python source code significantly more readable than languages that
require more special characters to be introduced to mark structure in the
source. Python's structures are not simpler than those of other languages, but
the different syntax makes source code "feel" much cleaner in Python.

The use of whitespace also helps avoid having minor stylistic differences, such
as the placement of structural braces, so there's a greater degree of visual
consistency across code by different programmers. While this may seem like
a minor thing to many programmers, the effect is that maintaining code
written by another programmer becomes much easier simply because its
easier to concentrate on the actual structure and algorithms of the code. For
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the individual programmer, this is a nice side benefit, but for a business, this
results in lower expenses for code maintenance.

Exploratory programming in an interactive interpreter

Many modern high-level programming languages offer interpreters, but few
have proved as successful at doing so as Python. Others, such as Java, do not
generally offer interpreters at all. If we consider Perl, a language that is
arguably very capable when used from a command line, we see that it is not
equipped with a rich interpreter. If we start the Perl interpreter without
naming a script, it simply waits for us to type a complete script at the console,
and then interprets the script when we're done. It does allow us to enter a
few commands on the command line directly, but there's no ability to run one
statement at a time and inspect the results as we go in order to determine if
each bit of code is doing exactly what we expect. With Python, the interactive
interpreter provides a rich environment for executing individual statements
and testing the results.

Portability without restrictions

The Python interpreter is one of the most portable language interpreters
available. It is known to run on platforms ranging from PDAs and other
embedded systems to some of the most powerful multiprocessor platforms
ever built. It can run on more operating systems than perhaps any other
interpreter. Moreover, carefully written application code can share much of
this portability. Python provides a great array of abstractions that do just
enough to hide platform differences while allowing the programmer to use the
services of specific platforms when necessary.

When an application requires access to facilities or libraries that Python does
not provide, Python also makes it easy to add extensions that take advantage
of these additional facilities. Additional modules can be created (usually in C
or C++, but other languages can be used as well) that allow Python code to
call on external facilities efficiently.

Powerful but accessible object-orientation

At one time, it was common to hear about how object-oriented programming (OOP)
would solve most of the technical problems programmers had to deal with in their code.
Of course, programmers knew better, pushed back, and turned the concepts into useful
tools that could be applied when appropriate (though how and when it should be applied
may always be the subject of debate). Unfortunately, many languages that have strong
support for OOP are either very tedious to work with (such as C++ or, to a lesser extent,
Java), or they have not been as widely accepted for general use (such as Eiffel).

Python is different. The language supports object orientation without much of
the syntactic overhead found in many widely used object-oriented languages,
making it very easy to define new object types. Unlike many other languages,
Python is highly polymorphic; interfaces are defined in much less stringent
ways than in languages such as C++ and Java. This makes it easy to create
useful objects without having to write code that exists only to conform to an
interface, but that will not actually be used in a particular application. When
combined with the excellent advantage taken by Python's standard library of

IT-SC book
21



a variety of common interfaces, the value of creating reusable objects is
easily recognized, all while the ease of implementing useful interfaces is
maintained.

1.3.1 Python Tools for XML

Three major packages provide Python tools for working with XML. These are, from the most
commonly used to the largest:

The Python standard library
PyXML, produced by the Python XML Special Interest Group
4Suite, provided by Fourthought, Inc.

The Python standard library provides a minimal but useful set of interfaces to work with XML,
including an interface to the popular Expat XML parser, an implementation of the lightweight
Simple API for XML (SAX), and a basic implementation of the core Document Object Model
(DOM). The DOM implementation supports Level 1 and much of Level 2 of the DOM
specification from the W3C, but does not implement most of the optional features. The material
in the standard library was drawn from material originally in the PyXML package, and additional
material was contributed by leading Python XML developers.

PyXML is a more feature-laden package; it extends the standard library with additional XML
parsers, has a much more substantial DOM implementation (including more optional features),
has adapters to allow more parsers to support the SAX interface, XPath expression parsing and
evaluation, XSLT transformations, and a variety of other helper modules. The package is
maintained as a community effort by many of the most active Python/ XML programmers.

4Suite is not a superset of the other packages, but is intended to be used in addition to PyXML. It
offers additional DOM implementations tailored for different applications, support for the XLink
and XPointer specifications, and tools for working with Resource Description Framework (RDF)
data.

These are the packages used throughout the book; see Appendix A for more information on
obtaining and installing them. Still more are available; see Appendix F for brief descriptions of
several of these and references to more information online.

1.3.2 The SAX and DOM APIs

The two most basic and broadly used APIs to XML data are the SAX and DOM interfaces. These
interfaces differ substantially; learning to determine which of these is appropriate for your
application is an important step to learn.

SAX defines a relatively low-level interface that is easy for XML parsers to support, but requires
the application programmer to manage more details of using the information in the XML
documents and performing operations on it. It offers the advantage of low overhead: no large data
structures are constructed unless the application itself actually needs them. This allows many
forms of processing to proceed much more quickly than could occur if more overhead were
required, and much larger documents can be processed efficiently. It achieves this by being an
event-oriented interface; using SAX is more like processing user-input events in a graphical

IT-SC book
22



user interface than manipulating a pre-constructed data structure. So how do you get "events"
from an XML parser, and what kind of events might there be?

SAX defines a number of handler interfaces that your application can implement to receive events.
The methods of these objects are called when the appropriate events are encountered in the XML
document being parsed; each method can be thought of as the actual event, which fits well with
object-oriented approaches to parsing. Events are categorized as content, document type, lexical,
and error events; each category of events is handled using a distinct interface. The application can
specify exactly which categories of events it is interested in receiving by providing the parser
with the appropriate handlers and omitting those it does not need. Python's XML support provides
base classes that allow you to implement only the methods you're interested in, just inheriting do-
nothing methods for events you don't need.

The most commonly used events are the content-related events, of which the most important are
startElement, characters, and endElement. We look at SAX in depth in Chapter 3, but
now let's take a quick look at how we might use SAX to extract some useful information from a
document. We'll use a simple document; it's easy to see how this would extend to something more
complex. The document is shown here:

<catalog>

<book isbn="1-56592-724-9">
<title>The Cathedral &amp; the Bazaar</title>
<author>Eric S. Raymond</author>

</book>

<book isbn="1-56592-051-1">
<title>Making TeX Work</title>
<author>Norman Walsh</author>

</book>

<!-- imagine more entries here... —-->

</catalog>

If we want to create a dictionary that maps the ISBN numbers given in the isbn attribute of the
book elements to the titles of the books (the content of the title elements), we would create a
content handler (as shown in Example 1-1) that looks at the three events listed previously.

Example 1-1. bookhandler.py

import xml.sax.handler

class BookHandler (xml.sax.handler.ContentHandler) :
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def init (self):

self.inTitle = 0

self.mapping {1}
def startElement (self, name, attributes):
if name == "book":
self.pbuffer = ""
self.isbn = attributes["isbn"]
elif name == "title":

self.inTitle =1

def characters(self, data):
if self.inTitle:

self.buffer += data

def endElement (self, name) :
if name == "title":
self.inTitle = 0
self.mapping([self.isbn] = self.buffer

Extracting the information we're looking for is now trivial. If the code above is in
bookhandler.py and our sample document is in books.xml, we could do this in an interactive
session:

>>> import xml.sax

>>> import bookhandler

>>> import pprint

>>>

>>> parser = xml.sax.make parser( )

>>> handler = bookhandler.BookHandler( )

>>> parser.setContentHandler (handler)
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>>> parser.parse ("books.xml")
>>> pprint.pprint (handler.mapping)
{u'1-56592-051-1": u'Making TeX Work',
u'l-56592-724-9': u'The Cathedral & the Bazaar'}
For reference material on the handler object methods, refer to Appendix C.

The DOM is quite the opposite of SAX. SAX offers a very small window of view that passes
over the input document, relying on the application to infer the whole; the DOM gives the whole
document to the application, which must then extract the finer details for itself. Instead of
reporting individual events to the application as the parser handles the corresponding syntax in
the document, the application creates an object that represents the entire document as a
hierarchical structure. Although there is no requirement that the document be completely parsed
and stored in memory when the object is provided to the application, most implementations work
that way for simplicity. Some implementations avoid this; it is certainly possible to create a DOM
implementation that parses the document lazily or uses some kind of persistent storage to keep
the parsed document instead of an in-memory structure.

The DOM provides objects called nodes that represent parts of a document to the application.
There are several types of nodes, each used for a different kind of construct. It is important to
understand that the nodes of the DOM do not directly correspond to SAX events, although many
are similar. The easiest way to see the difference is to look at how elements and their content are
represented in both APIs. In SAX, an element is represented by start and end events, and its
content is represented by all the events that come between the start and the end. The DOM
provides a single object that represents the element, and it provides methods that allow the
application to get the child nodes that represent the content of the element. Different node types
are provided for elements, text, and just about everything else that can exist in an XML document.

We go into more detail and see some extended examples using the DOM in Chapter 4, and a
detailed reference to the DOM API is given in Appendix D. For a quick taste of the DOM, let's

write a snippet of code that does the same thing we do with SAX in Example 1-1, but using the
basic DOM implementation from the Python standard library, as shown in Example 1-2.

Example 1-2. dombook.py

import pprint

import xml.dom.minidom

from xml.dom.minidom import Node

doc = xml.dom.minidom.parse ("books.xml")

mapping = {}
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for node in doc.getElementsByTagName ("book") :

isbn = node.getAttribute ("isbn")
L = node.getElementsByTagName ("title")
for node2 in L:

title = ""

for node3 in node2.childNodes:

if node3.nodeType == Node.TEXT NODE:
title += node3.data

mapping[isbn] = title

# mapping now has the same value as in the SAX example:
pprint.pprint (mapping)

It should be clear that we're dealing with something very different here! While there's about the
same amount of code in the DOM example, it can be very difficult to develop reusable
components, while experience with SAX often points the way to reusable components with only a
small bit of refactoring. It is possible to reuse DOM code, but the mindset required is very
different. What the DOM provides to compensate is that a document can be manipulated at
arbitrary locations with full knowledge of the complete document, and the document contents can
be extracted in different ways by different parts of an application without having to parse the
document more than once. For some applications, this proves to be a highly motivating reason to
use the DOM instead of SAX.

1.3.3 More Ways to Extract Information

SAX and the DOM give us some powerful tools for working with XML, but they clearly require a
lot of code and attention to detail to use effectively in a large application. In both cases, working
with complex data requires a great deal of work just to extract the interesting bits from the XML
documents that contain the data. Now, what sorts of tools would we normally turn to when
dealing with complex data sets? Two that come to mind are higher-level abstractions (such as
APIs that do more work, and specialized task-oriented languages), and preprocessing techniques
(transforming data from one form to another more suitable to the task at hand). Fortunately, both
of these are available to us when working with XML from Python.

When an XML user wants to specify a portion of a document based on possibly complex criteria,
she uses a language which lets her write the specification concisely; that language is called the
XML Path Language, or XPath. Support for XPath is available in the 4Suite package, and has
recently been added to the PyXML package as well. Using XPath, a query can be written that
selects nodes from a DOM tree based on the element names, attribute values, textual content, and
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relationships between the nodes. We cover XPath in some detail, including how to use it with a
DOM tree in Python, in Chapter 5.

Other times, what we'd really like is a new document that either contains less information or
arranges it very differently. For this, we need a way to specify a transformation of a document
that generates another document. This is provided by XML Stylesheet Language Transformations
(XSLT). Originally developed as part of a new specification for stylesheets, XSLT is an XML-
based language that is used to define transformations from XML to other formats. XSLT is most
commonly used with XML or HTML as the output format. Chapter 6 describes this language
and shows how to use it in Python.

1.4 What Can We Do with It?

Now that we've looked at how we can use XML with Python, we need to look at how we can
apply our knowledge of XML and Python to real applications. In the Internet age, this means
widely distributed systems operating across the Internet.

There's a lot to working with the Internet beyond XML and the CGI programming done in many
of the examples in the book. In case you're not already familiar with this topic, we include an
introduction to the facilities in the Python standard library that help create clients and servers for
the Internet in Chapter 8. We review how to retrieve data from remote servers, and how to
submit form-based requests programmatically and read the result. We then learn to build custom
web servers that respond to HTTP requests, allowing us to build servers that do exactly what we
need them to.

With these skills under our hat, we proceed to look at the emerging world of "web services."
Chapter 9 describes what we mean by web services and introduces the specifications coming out
in that area. We look at two packages that allow us to use SOAP to call on web services and
demonstrate how to create one in Python.

In Chapter 10, we pull together much of what we've learned with an extended example that
demonstrates how it all works together. Using XML as a communications medium, we are able to
build an application that uses a variety of technologies and operates in diverse environments.
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Chapter 2. XML Fundamentals

XML is not new! XML, the Extensible Markup Language, began development in 1996 and
became an official World Wide Web Consortium (W3C) standard in 1998. XML is derived from
the Standard Generalized Markup Language (SGML), which has been around for a great while.
SGML has long been used as a means of document management, and is the parent of HTML.
XML, on the other hand, is an outgrowth of these earlier markup languages intended for
information sharing on the Internet. While HTML is effective for communicating how a page
should look inside a web browser, XML speaks more to how information should be structured or
used between or among applications (including web browsers) running on the Internet.

2.1 XML Structure in a Nutshell

The basic structure of an XML document is simple. Most can be reduced to a few simple
components. Consider the following:

<?xml version="1.0"?>
<PurchaseOrder>
<account refnum="2390094"/>
<item sku="33-993933" gty="4">
<name>Potato Smasher</name>
<description>Smash Potatoes like never before.</description>
</item>

</PurchaseOrder>

In this example, the first line, starting with the <2 characters, is the XML declaration. It states
which version of XML is being used and can also include information about the character
encoding of the document. The text starting with <PurchaseOrder> and ending with
</PurchaseOrder> is an XML element. An element must have an opening and closing tag,
or the opening tag must end with the characters /> if it is to be empty. The account element
shown here is an example of an empty element that ends with a />. The item element opens,
contains two other elements, and then closes. The sku="33-993933" expression is an attribute
named sku with its value 33-993933 in quotes. An element can have as many attributes as
needed. Both the name and description elements are followed by character data or text.
Finally, the elements are closed and the document terminates.

In the remainder of this chapter, we walk through the relevant parts of the XML specification,

highlighting the most important items for you to be aware of as you embark on coding with
Python and XML.

2.2 Document Types and Schemas
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When we talk about document types, we are speaking of something very similar to the notion
of types in a programming language. Programming language types are used to describe structures
that can be composed in particular ways, and document types do the same thing. The primitive
components and the types of composition that are allowed differ, but they are conceptually
aligned. A document type is commonly referred to as a schema. The difference between a
document type and a database schema can be shallow in many applications, though the similarity
is not always relevant. We often use schema to refer to a document type when it is not important
how it was defined, because the phrase "document type" has historical associations with a
particular schema language.

Schemas are valuable for several reasons, but two dominate: they require critical thinking about
the applications and data to design, and they can be used to help specify how documents should
constructed and interpreted when exchanged across organizational boundaries. The latter can be
especially critical in applications such as supply-chain integration, where the automated exchange
of dynamically generated documents can incur contractual obligations—it becomes very
important that everyone agree what the documents mean, because misinterpretation can be very
costly!

Document types are built on top of data types as well as on top of structuring rules, in which
data types are very analogous to the primitive types provided by most programming languages.
Different schema languages use different sets of data types, some being extensible and others
allowing the use of arbitrary typing systems rather than providing their own. Some schema
languages allow data types to be specified for any document content, and others limit the ability
to apply data types to specific constructs.

All schema languages let the allowed ordering and nesting of elements be defined, and let
attributes be associated with element types. Everything else is open to variation, so it helps to be
aware of the general differences and select a schema language based on the requirements of the
application, the availability of tools, and interoperability requirements.

2.2.1 Document Type Definitions

The XML 1.0 recommendation specifies one way to define a document type known as a
Document Type Definition, or DTD. The language used to specify a DTD is really just part of
XML itself, but is also informally known as the DTD language. This is a subset of XML that has
a slightly different set of syntactic rules and does not allow arbitrary content to mix with the
markup.

The DTD language for XML is derived from the DTD language for SGML, but drops many of
the less commonly used constructs in favor of simplicity. The newfound simplicity pertains both
for the language itself and for processing tools. The specific features that were omitted are only of
interest if you already know the SGML version of the language, and so are not discussed in this
book. Please refer to the XML recommendation and books focused on document type
development to learn more about the differences.

We discuss the specific construction and interpretation of DTDs later in this chapter, but it is
interesting to note that while the DTD language allows fairly flexible composition of elements, it
defines very few data types that can be used to specify the types of attribute content, and provides
almost no way to extend the set of data types. In spite of the limitations of DTDs, they are still an
important type of schema due to their early specification as part of the XML 1.0 recommendation,
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their similarity to SGML DTDs, the widespread availability of tools, and the relative ease of
learning how to create and use them.

2.2.2 Alternate Schema Languages

The XML sublanguage used to specify document types is largely inherited from the SGML roots
of XML, and is perhaps the least appreciated aspect of the specification. The use of this language
does represent a trade-off, no matter how useful it may be to particular projects. While there is no
doubt that it is better than having only well-formed XML defined by the XML specification, there
is a broadly perceived need for something better. As with all standards, however, one size does
not fit all, so a number of alternate languages have been developed for specifying document types.
Together, these are known as schema languages.

The application of each language varies, as does the level of complexity and availability of tool
support. In this section, we examine some of the more popular languages and describe the
intended uses for each of these, as well as what form of support is available for Python
programmers. Two common aspects of the schema languages described here involve the fact that
they all use XML to provide their own syntax, and they all are namespace-aware: the schema they
can specify can contain elements and attributes from multiple namespaces. Both are significantly
different from the DTD language, and both can easily be argued to be significant improvements.

2.2.2.1 XML Schema

The World Wide Web Consortium has been active in efforts to develop and standardize a schema
language that was intended to work for everyone, and XML Schema is the result. As with all
committee-driven designs, there is widespread dissatisfaction with XML Schema, not because it
is not powerful enough, but because it is considered by many practitioners to be too complex. It
defines ways to describe the allowed structures for a document type, as well as describe data
types that can be used to describe both element and attribute content much more precisely and
flexibly than what the DTD language supports.

XML Schema does offer the advantage that it provides ways to define both document types and
data types, and includes a selection of basic data types to build on. These types range from
numbers to strings that must match some regular expression, to more complex types such as dates
or times. XML Schema data types are very rich compared to the data types supported by the DTD
language. Schemas may be defined that constrain values of attributes or element content to be of
these types, making it possible to describe larger document types much more precisely than the
DTD language allows. This makes it possible to build tools that can validate a document against a
schema, allowing application code to deal with far less specialized error-checking code. XML
Schema data types are used briefly in Chapter 9, but are not discussed in detail.

There is an XML Schema validator for Python; see Appendix F for more information.
2.2.2.2 TREX

Tree Regular Expressions for XML (TREX) is a schema language designed by the notable James
Clark, who has been active in developing usable XML standards for as long as XML has been
around, and is known for his significant contributions to the SGML community before XML.
TREX does not define fine-grain data types the way XML Schema does. It is intended to be used
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in conjunction with data types defined using external specifications, which can include XML
Schema-defined data types.

The PyXML package includes a TREX validator in the xml.schema.trex module; this was
added in PyXML Version 0.7.0.

2.2.2.3 RELAX-NG

RELAX-NG is a language derived from two well-received schema languages, TREX and
RELAX; the specification is still under active development at the time of this writing. This
specification is the combined effort of James Clark and Makoto Murata, the authors of TREX and
RELAX, and is sponsored by the Organization for the Advancement of Structured Information
Standards (OASIS). RELAX-NG takes the same approach to data types as TREX. Complete
information on RELAX-NG is available at http://www.oasis-open.org/committees/relax-
ng/. An alternate, non-XML syntax has also been proposed.

2.2.2.4 Schematron

The Schematron Assertion Language defined by Rick Jelliffe is a bit different from the other
schema languages. Instead of defining what elements are allowed, their content models, and their
attributes, Schematron makes assertions about the relationships among elements and attributes.
Extensive documentation is available online at http://schematron.sourceforge.net/, and a
Python validator is available from Fourthought, Inc. (http://www.fourthought.com/).

2.3 Types of Conformance

As with any specification, the primary reason for the XML specification's existence is to hold
documents against it and make sure they conform to the specification. If so, then the rules within
the specification can be used in reading, transforming, or applying the document. However, we
must remember that XML defines two things: syntax for document instances, and a way to define
new language using XML. It also tells us that we can use the former without the latter, so it must
define what it means to conform to the specification in both cases.

If a document uses the XML syntax but does not depend on a specific markup language defined
using the means provided by the XML recommendation, it needs to be well-formed in order to
conform with XML. This is a form of conformance introduced by XML rather than inherited
from SGML. On the other hand, a document that declares that it uses a specific markup language
defined by a DTD is said to be valid if it is both well-formed and the elements and character data
are arranged in a way that complies with the rules given by the specified Document Type
Definition.

The XML specification defines a collection of text to be an XML document if it is well-formed
according to the rules of the specification. The term well-formed is widely used in XML, and it
refers to a document that is syntactically acceptable. For example:

<?xml version="1.0"?>
<book>
<title>Python and XML</title>
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</book>

The preceding document is well-formed. That is, beyond the XML declaration (described in
more detail in Section 2.5.6, later in this chapter) pointing out that the document uses Version
1.0 of XML, both the book and title elements are opened and closed so that elements nest
within each other in a strictly hierarchical way. You can't open a book and close a magazine.

Being well-formed is required but not sufficient to describe the concept of validity, which deals
with the conformance of a document to a Document Type Definition. It's one thing to have the
structure arranged such that it is syntactically acceptable, but quite another to ensure that the
information contained within the document is organized in the appropriate fashion and contains
all of the necessary elements to be of use in an application or transaction.

The XML specification describes all XML processors as belonging to two classes: validating and
nonvalidating. Regardless of validation, both types of processors must report violations of the
specification's well-formedness constraints; otherwise, an XML document may be impossible to
parse. A validating processor must be able to report violations of the DTD to the application. This
requires that a validating processor read the entire DTD, and resolve and parse any external
entities (described in the next section) referenced within the DTD itself and in the document
instance. In contrast, nonvalidating processors need check only the document and internal DTD
subset for well-formedness. Checking that a document is well-formed does not require accessing
any external entities.

Since the arrival of alternate schema languages, a third form of conformance has been described
informally. A document is said to be schema valid with respect to a particular schema, regardless
of the language in which the schema is expressed, if the document is well-formed and the
structure of the document conforms to the specific schema using the rules defined for that specific
schema language. This is a generalization of the concept of validity given by the XML
recommendation; all valid documents are also schema valid for the schema defined by their DTD
(though they may be invalid for other schema).

2.4 Physical Structures

XML text is stored in entities. Entities are identified in various ways, but most commonly by
filename or URI. There is no constraint on this, however, and many systems do use alternate
means for entity storage — for example, many live happily in large databases. Many XML
documents involve more than one entity; perhaps the most common arrangement is that the
document is in one entity and its type definition is in another. As documents get larger, increasing
numbers of entities are often involved with each document. This may be more common with
document-centric applications than with data-communication applications of XML.

Entities are typically given names in one or more global namespaces. XML requires that entities
be given system identifiers, which are always URIs. The term has roots in the SGML community,
where system identifiers were used to refer to storage locations using whatever syntax the tools in
use happened to understand. An additional global namespace is shared with the SGML world; the
identifiers in that space are called formal public identifiers (FPIs). Use of this namespace is very
limited in the XML world, as it is not always easily mapped to URLs that can be used to retrieve
arbitrary resources, although there are ways to do it. They do see some use, and extensible
support for FPIs is available in the PyXML toolkit.

Entities are used for several things in XML:
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Document entities

Regardless of the application, all documents start somewhere. With XML, they are also
guaranteed to end in the same entity. The entity containing the start of the document is
called the document entity. The document entity is interesting because it is the only
entity that may be completely anonymous. An application can provide the content of the
entity directly to the XML parser, allowing it to operate without extracting the text from a
disk file or another local or remote data source.

External entities

Other physical storage units that contribute to a document are external entities. These
entities may contain all or part of the type specification for the document, or they may
contain document content. While external entities are defined by their system and formal
public identifiers, most are given local names for easy reference.

External DTD subset

If a document contains a document type declaration that specifies an external
document type subset, that subset is given in an entity. This entity is special
in that it is not given a local name, but otherwise is simply an external entity.

Linked resources

Some documents refer to other documents without making them a part of themselves.
Whether or not these external resources are really entities is not always clear if they are
not referenced via a name defined in an entity declaration. One typical example of this is
the resources identified by URI in the href attribute of HTML's a element—it is not
referenced by a named entity, and it is not always known just what the linked resource
will contain when the reference is created. The fact that the external resource is identified
as the target of a link is important to the linking document.

2.5 Constructing XML Documents

Documents are the heart of XML. Any amount of usable XML is presented as a document, often
stored in a file. One of the very first things you must understand in order to use XML is how to
create a well-formed document. In this section, we examine the syntactic components of a
document, starting with the individual characters and looking at how they are viewed when
building larger syntactic constructs. Then we look at the constructs defined for all documents by
the XML recommendation.

2.5.1 Characters in XML Documents

The XML Specification defines a character as "an atomic unit of text as specified by ISO/IEC
10646." (Remember, ISO/IEC 10646 is more commonly referred to as Unicode.) Of course, this
explanation is exactly what you should say at a party if someone asks. One of the goals of both
standardization and XML is to make documents easily understandable by platforms around the
globe. As such, simple things like ASCII characters can become quite complex.

Regardless, the specification states that legal characters are "tab, carriage return, line feed," as
well as belonging to the aforementioned Unicode specification. If you were to write an XML
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parser, the topic of characters and standardization would be of incredible importance to you. For
the rest of us, it's usually enough to choose an XML parser that gets it right.

You can declare the character encoding used in an XML document using the optional XML
declaration:

<?xml version="1.0" encoding="UTF-8"?>

For an external entity that is not a document itself, a variation of the XML declaration, called an
encoding declaration, is used:

<?xml encoding="UTF-8"7?>

More information on the XML declaration is provided in "The Document Prolog" later in this
chapter. For now, let's look at some of the most widely used character sets and encodings. (A
character set that can be mapped into Unicode can be considered an encoding of Unicode, even if
it does not directly support everything defined in Unicode.)

2.5.1.1 The ASCII character set

The American Standard Code for Information Interchange (ASCII) is a 7-bit text format
(meaning that it takes a sequence of seven 1's and 0's to form a character). ASCII is understood
by virtually ever computer in use. Unicode extends ASCII, so the first 128 characters of Unicode
coincide with the first 128 characters of ASCIL.

2.5.1.2 The IS0-8859-1 character set

The character set ISO-8859-1 is also known as Latin-1. The ISO-8859-1 set is very widely used
as it contains support for most (but not all) Western European languages. The first 256 characters
of Unicode are identical to ISO-8859-1 for compatibility reasons. The first 128 characters of ISO-
8859-1 are identical to ASCII. The second 128 are a combination of control characters, special
characters, and accented letters. [ISO-8859-1 was inspired by DEC Multinational Character Set,
but there are a few differences. There are also various ISO-8859-X sets with support for
additional languages and characters.

2.5.1.3 UTF-8 Encoding

Universal Transformation Format, 8-bit (UTF-8), is documented in IETF RFC 2279 by F.
Yergeau. UTF-8 is the most popular complete encoding of Unicode.

UTF-8 extends ASCII to some degree. The first 128 positions of UTF-8 are transparently
encoded to their ASCII counterparts. Since Unicode can supposedly support over 2 billion
characters (way beyond 128), getting it to fit in a stream of discrete 8-bit bytes requires some
encoding. UTF-8 solves this problem by representing each Unicode character with a unique
sequence of bytes. In a UTF-8 stream, ASCII characters occupy only one byte in the stream,
whereas all other characters are represented by two or more bytes the stream. Your XML
declaration using UTF-8 appears as follows:

<?xml version="1.0" encoding="UTF-8"?>

The most detailed information for dealing with UTF-8 encoding comes from the RFC.
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2.5.2 Text, Character Data, and Markup

The specification states "text consists of intermingled character data and markup." The main point
here is that every character within an XML document is either character data (the actual
information content we're most interested in, such as an address or item quantity), or it is
markup (containing all of the special characters needed to create start tags, end tags, entities,
comments, CDATA delimiters, DTDs, processing instructions, and declarations). All the
characters together constitute text.

Character data in the content of elements is "any string of characters that does not
contain the start-delimiter of any markup." Clearly, it is important to know the
difference between the two, since it is markup that allows our programs to interpret
the character data correctly.

All markup begins with one of two characters: the less-than sign (<) and the ampersand (s). All
markup that begins with the less-than sign ends with the greater-than sign (>), and markup that
begins with an ampersand ends with a semi-colon (;). These are the only special characters you
need to be aware of most of the time. In some situations, the single-quote (') and double-quote (")
characters need special attention. This does not mean that your documents and data cannot
include these characters, only that they require some special encoding in the XML text. Any
Unicode character can be part of the character data.

One result is you're unable to use literal special characters such as ampersands (&), or angle
brackets (<, >) within your text. For example, the following would confound an XML processor:

<question>Is 5 < 7 529?</question>

The text of the question element contains characters not allowed by the specification. The < is
expected to start a new markup component, so the following space is interpreted as a syntax error.
The less-than sign is used to start a variety of markup constructs, the most common of which are
the element start and end tags. The ampersand is used to mark entity references.

In order to use these special characters within your XML document, you'll need to
encode them using entity or character references. To turn the example into proper
XML, we need to use this:

<question>Is 5 &lt; 7 &#x2263; 9?</question>

Entity references are discussed later in this chapter, although many of you who have worked
with HTML will find them familiar as they include sapos; ('), squot; ("), &1t; (<), and &gt;
(>). XML allows you to define your own entities as well, and they can contain more than a single
character, but those four are defined by the XML specification and do not need to be defined
specially for your documents. Character references are slightly different in that they specify
individual Unicode characters without attempting to use mnemonic identifiers for them. A
character reference you might have seen used in HTML would be something like s#174; (®, the
registered trademark symbol). In XML, the numeric portion of the reference may be given using
hexadecimal digits as well if the letter x is inserted between the sharp sign and the first digit. The
reference «#xAE; also refers to the registered trademark symbol. Character references cannot be
defined by authors, and they always refer to Unicode characters by the ordinal value assigned to
them in the Unicode specification.
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2.5.2.1 Names

The XML specification defines several small lexical details, but perhaps one of the most
important is the name. Names are tokens composed of some combination of legal characters
including letters, digits, underscores, hyphens, or colons; the first character of a name cannot be a
digit. Name tokens are used for naming anything that needs a name in XML, including element
types, attributes, and entities. Some names cannot be used in day-to-day XML markup. First,
names beginning with the string xm1 (in any mixture of upper- and lowercase) are "reserved for
standardization in [the XML specification] or future versions of this specification." Secondly,
when naming your elements, you must avoid use of the colon (:), as it is the basis for XML
namespaces (a method of prefixing element names with tokens to give them domain context).
While the XML 1.0 specification allows colons in element and attribute names, the more recent
Namespaces specification assigns a particular syntactic significance that constrains their use. In
other words, if you're defining a whole class of elements related specifically to books, such as
bookTitle or bookAuthor, its better to use capitalization, hyphenation, or underscores to
separate the words (such as book title, book-title, or bookTitle) as opposed to using the
colon, such as book:Title. Using an expression like book:Title leads XML processors to
believe that you are referring to a Title element within the namespace URI attached to the local
name book. Of course, it may be that Namespaces are appropriate for your application, in which
case you should take the time to read the Namespaces specification very carefully and define any
that are needed.

2.5.3 Whitespace in Character Data

When working with XML-based markup languages, it can be difficult to know how to
treat whitespace. For many applications, whitespace can be handled as just more
normal character data, while this is not sufficient for others. The problem most often
manifests itself when presentation to the user is being controlled by the application.
While the XML specification does not attempt to solve the problem, it does provide a
way to include a hint for processing tools and applications that the whitespace in a
particular element should be preserved as given, rather than treated as malleable
space.

The easiest way to visualize the problem is to consider the way program source code is most
commonly presented in HTML. Most HTML authors wrap source code in a pre element:

<pre>
def hello( ):

print "Hello, world!"
</pre>

This is certainly the easiest way to present source code in HTML. Now consider what happens if,
instead of using a pre element, we use a paragraph, or p, element:

<p>

def hello( ):
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print "Hello, world!"
</p>

This creates a very different effect in most web browsers, typically causing the entire
program text to be shown on a single line with only a single space separating each
word, even though the example includes multiple lines and multiple adjacent spaces.

The solution looks simple, at least for HTML. Simply use a pre element when we want to
preserve whitespace. This obvious solution unfortunately has an equally obvious problem—it
only works for HTML, not for arbitrary XML-based markup languages. A solution is needed that
also works for a non-HTML document like this:

<Poem>
Ode to a node,
Nested beneath its tree,
Snug as a bug in its XML rug
Dreaming of the W3C.

</Poem>

How is an XML tool to know that the line breaks and other presentation for a poem
are significant?

The XML specification defines an attribute called xm1: space that you can attach to an element
to communicate to the application that whitespace should be preserved. It is the responsibility of
the client application to act on this information and indeed preserve whitespace when handling or
formatting the data. A typical compliant XML parser passes the whitespace from the document
through to the application regardless of whether the xm1 : space attribute has been seen (in either
the document or the schema). An application can use the attribute to determine just what
manipulations it can perform on the document content.

The value of the xml:space attribute can be either default or preserve. If the value is
default, the application is allowed to treat the whitespace in whatever way it normally would;
the XML specification imposes no limitations on how the whitespace is affected in this case. If,
however, the value is preserve, the application is expected to avoid interfering with the
whitespace in the element to which the attribute applies, as well as all child elements, until it
encounters a child that specifies a value for xml:space. At that point, the child's value for
xml : space takes precedence for itself and it's descendents.

The xml : space attribute can be used in a couple of different ways. The first is to simply include
it in the document instance, which is sufficient for well-formed XML. The first line of our poem
becomes:

<Poem xml:space="preserve">

While this seems reasonable for small quantities of XML text, it proves unworkable for large
volumes of documents that are edited by humans. Think about what HTML would be like if we
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had to always include a special attribute to get the effect of the pre element! For this reason, the
xml:space attribute is most often used by including it in the document schema. In a DTD, we
would write something like this:

<!ATTLIST Poem xml:space (default|preserve) 'preserve'>
Attribute list declarations will be discussed in more detail in Section 2.6.3 later in this chapter.

From a practical point of view, most applications that parse XML look at the names of the
elements to determine what to do with the character data contained therein. For example, while
parsing the text of a book formatted in XML, you may come across a code element that tells you
to preserve the whitespace within that section. If you look carefully, however, often the document
type specifies that xm1 : space has a default value of preserve for those elements.

2.5.4 End-of-Line Handling

The specification is straightforward where end-of-line handling is concerned. An XML parser
must pass characters to applications with normalized line endings. That is, any combination of the
hexadecimal characters 0x0D and 0x0A, or a standalone 0x0D character not followed by 0x02, is
converted to a single 0x0A character. For the less hexadecimal among us, it means that typical
formatting codes such as \r\n and \r are converted to \n. And for those of you who have never
used those weird backslash characters, it means that text coming from platforms that commonly
use carriage-returns plus linefeed characters to terminate lines (such as Windows) is converted to
use only linefeed characters.

2.5.5 Language Identification

An attribute named xml:lang is provided by the specification and can be placed inside
documents to indicate the language used in the content. Again, this attribute must be declared in
valid documents, much like xml :space. The values that can be used within this attribute are
defined in IETF RFC 1766, or in a later version. Most language character codes have two letters,
such as en for English, but dialects may be specified using an underscore character and an
additional two-letter code; United States English can be specified as en Us, while the Queen's
English can be specified as en GB.

2.5.6 The Document Prolog

An XML document contains a prolog, which includes everything that precedes the single element
that is the document content. The prolog consists of an optional declaration called the XML
declaration, followed by an optional Document Type Declaration, followed by any number
(including zero!) of comments and processing instructions. So the prolog may completely empty,
but often contains the XML declaration as a matter of good form. The Document Type
Declaration is required if the document is intended to conform to a DTD.

The XML declaration looks much like a processing instruction, but is slightly different because of
a special purpose it serves. Since XML requires that all documents are Unicode — but does not
constrain the encoding of the Unicode characters to bytes in the data stream that contains the
document — there must be a way to determine that encoding. Some encodings can be recognized
by the leading bytes of the data stream. A set of specific rules for determining the encoding from
the leading bytes of the data stream is given as part of the XML recommendation. For many
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encodings however, that is not possible. The XML specification states that in those cases where
the encoding is not known a priori (as when the encoding is returned in the headers of an HTTP
response), the document must be encoded in UTF-8 or include an XML declaration that specifies
the encoding. The declaration always includes the version of the XML specification with which
the document conforms (only XML 1.0 has been defined at this time). A typical XML declaration
would look like:

<?xml version="1.0" encoding="iso-8859-1"7?>

This declares that the document is encoded in the character set ISO 8859-1, more
commonly known as Latin-1. It's entirely legal to omit the encoding from the
declaration as well, so the minimal declaration looks like this:

<?xml version="1.0"72>
I'm sure this already appears on coffee mugs.

After the XML declaration, a Document Type Declaration may appear. Note that this
is different from the Document Type Definition, although the first two words and
obvious abbreviations are the same. To avoid confusion, the acronym "DTD" is never
used to refer to this; it is usually called the "DOCTYPE declaration." If given, this
declaration specifies the name of the document element, and may specify both
internal and external components of the DTD. Let's look at the simplest form of this
declaration:

<!DOCTYPE book>

This tells us that the document element is of the type named book, but nothing else; this is not
very useful by itself. There are actually two additional components to this declaration, each of
which is optional, but one or both must be provided for the declaration to be particularly useful.
Let's look at an example that contains both of these components:

<!DOCTYPE book SYSTEM "http://xml.example.com/dtds/book.dtd" [
<!ENTITY myCompany "Super Mega Ultra Corporation">
1>

Here, we include a specification for an external subset of the DTD (the sYsTEM and the quoted
string), and an internal subset enclosed in brackets.

If the Document Type Declaration is given, the name of the document type must match the name
of the root element. If you declare your document type as <! DOCTYPE Tool [...]>, then your
root element must be Tool. Furthermore, all the specific relationships in the DTD concerning
nesting, character data, and attributes must be enforced against the document if it is to pass the
test for validity.

If you decide to use both the internal and external subsets, the internal subset

overrules the external. That is, the rules contained within the DTD inside your XML
document prevails over rules for the same construct in an external DTD subset.

2.5.7 Start, End, and Empty Element Tags
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An element's name communicates its type. The attributes contained within a start tag are not
recognized in any particular order. The specification sees no difference between <name
first="Chris" last="Jones"> and <name last = "Jones" first = "Chris">.

There are several constraints to keep in mind when working with tags. First, there is a constraint
on attributes: they must be unique. No attribute name can appear twice in the same start tag. Next,
if the document is to be considered valid, the attributes must have been declared, and the values
must be of the types specified. Additionally, attribute values cannot be, nor can they contain,
external entity references. Finally, an attribute of a start tag, or its entity replacement text, must
not contain the character <. As for end tags, the specification requires only that they exactly
match the start tag's name. Attributes are not allowed in end tags.

Elements can contain just about any type of character data, as long as it is not
confused with surrounding XML markup itself. This has been addressed earlier in this
chapter in Section 2.5.2.

Empty elements are elements without content. They may contain attributes as
shown in this example:

<names>
<name first="Chris" last="Jones"/>
<name/>

</names>

This XML represents two well-formed name elements. Both are empty, but the first expresses
two attributes as well.

2.5.7.1 Quotes around attribute values

The specification defines /iterals as "any quoted string not containing the quotation mark used as
a delimiter for that string." Functionally, literals are used to indicate the content for an internal
entity and the values of attributes. Typically, attribute and value combinations look like this:

<account refnum="23908403"/>

In this example, refnum is an attribute of the account element and has a value of 23908403.
Either single or double quotation marks may be used, with the restriction that whichever is used
to quote the value may not be directly used in the value, though it may be included using entity
references or numeric character references.

As an example of an attribute value that contains both types of quotation marks,
let's use this phrase:

The cat said "The dog yelled "Help!,' then I pounced."

Encoded as an attribute, we end up with this:

<talltale text=
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'The cat said "The dog yelled &apos;Help!, &apos; then I pounced.™”'

/>
2.5.8 Comments

Comments in XML are similar to comments in HTML. The specification states that comments
can reside anywhere outside of other markup. A simple XML comment looks like this:

<!--— This is a comment. -->

Since comments are not allowed inside other markup, you can't embed a comment
inside an XML start tag:

<book name="Python and XML" <!--comment here-->>

This type of expression is not allowed by the XML specification. Interestingly enough, comments
can appear inside a DTD. In addition, comments are not considered part of the document's
character data. A couple of other caveats are that the double-hyphen (--) cannot be used inside
the text of a comment as the characters —-> are used to indicate that the comment is being closed.
Since one of the goals of XML is to avoid the syntactic difficulties of preceding markup
languages, XML simply does not allow a double-hyphen within the body of comments. Entities
and other markup are not handled within the text of a comment, so you can use the characters
special to the rest of XML in your comments without worry that they'll cause syntax errors in
your data. The correct version of the earlier comment element is as follows:

<book name="Python and XML">

This book is about the Python programming language
and XML markup language.

<!--comment here-->

</book>

By placing the comment inside the element instead of in the start tag, we've made it
follow the rules.

2.5.9 Processing Instructions

Processing Instructions (PI) allow an XML document to pass instructions to a
handling application. The XML processor does not consider Processing Instructions to
be part of the document's character data. The point of PIs is to hand information to
an application. For example, if you are communicating an urgent piece of news and
want the receiving application to present some sort of alert to the user, you might
place the following instruction within the XML, so that varying applications can act
accordingly (i.e., a Palm VII could beep, an X Window application could raise an alert
box, and so on):

<?newsAlert title="Martians Invade"?>
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In this example, newsAlert is commonly referred to as the target; the rest of the text does not
have a special name. The distinction between the two portions of the processing instruction is
entirely a matter on convention; the specification mandates only the leading <2, trailing 2>, and
the lack of the character pair 2> within the PI. (Note that most of the APIs used to work with Pls
refer to the two parts as the target and the data.) There is no specific syntax associated with the
content of processing instructions, though it is recommended practice to begin each with a target
(usually the name of the tool expected to handle it). It is becoming common for applications to
expect the content following the target to look much like a series of attributes with values, which
are commonly referred to as pseudo-attributes. Clients of this XML document are able to
handle or ignore the PI in whatever way is appropriate to them. Processing Instructions are useful
because they provide an XML-oriented way of passing events between applications or adding
annotations to the data that are specific to particular applications. Historically, PIs were used in
the SGML community to encode instructions to formatting applications, with semantics such as
"add a page break here."

2.5.10 CDATA Sections

A CDATA section is used to escape special characters in character data in your document. For
example:

<! [CDATA[The <oo0l <utter Knife & Sharpening Set]]>

This is actually an encoding of the character data:

The <ool <utter Knife & Sharpening Set

Without using a CDATA section, this must be encoded using general entities or
character references:

The &lt;ool &lt;utter Knife &amp; Sharpening Set

The CDATA section is a good way to escape longer stretches of text that contain many characters
that would otherwise be treated as markup if included directly in the text. Note that a CDATA
section starts with the markup '<! [CDATA['; no whitespace is allowed around the word CDATA.
Once inside a CDATA section, no XML syntax is recognized until the characters ']]>"' are
encountered. Entity and character references aren't resolved or recognized, so the text &#173;
does not resolve to the trademark registration symbol, though it would in normal character data or
in a CDATA attribute value.

2.6 Document Type Definitions

As discussed earlier, Document Type Definitions, or DTDs, are the form of document
types specified by the XML 1.0 recommendation. Though there are alternatives,
DTDs remain one of the most common ways of specifying a document type. In this
section, we discuss the syntax of the various declarations that can occur in the
Document Type Declaration; these can all appear in both the internal and external
subsets.

2.6.1 Entity Declarations
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Entities are sources of data that are used to compose a larger construct. Most, called general
entities, are used to construct documents, but some, known as parameter entities, are used to
construct the document type itself. Both are defined using an entity declaration in the
Document Type Definition. Each kind of entity is defined in a separate namespace; there can be a
general entity named myEntity and a parameter entity of the same name, and the names do not
clash.

Entities can be declared more than once — the first definition for a name takes
precedence. This allows the internal subset to override a definition provided in the
external subset; when used with parameter entities, this mechanism can be used to
extend DTDs. Document type extension generally works best when the DTD being
extended has been carefully designed with this in mind. The DocBook DTD for
technical documentation is an excellent example of this.

General entities can take a variety of forms: they may be parsed entities, consisting of XML text,
or unparsed, such as an image stored as a Portable Network Graphics (PNG) file. The text of a
parsed entity may be included in the entity declaration, or it may reside in an external source. The
body of an unparsed entity is always stored externally. Most entities used with XML are parsed
entities; unparsed constructs, such as images, are typically referenced using an absolute or
relative URL rather than by a named entity.

Parsed general entities are used to define substitution text for a (typically) shorter
name. Recall that in XML, text includes not only character data, but markup as well,
so the substitution can actually insert additional structure into the document as long
as all structures are complete within the substitution. At production time, a parser
resolves the entity into its substitution text, and evaluates the document based on
how it looks after the entities have been resolved. A simple internal entity is as easy
to create as a symbol and its replacement text:

<!ENTITY sandwich "Crabby Patty">

In your document, any reference to ssandwich; yields the replacement text of "Crabby Patty"
into the document. For example:

I am hungry for a &sandwich;.
This sentence renders as:
I am hungry for a Crabby Patty.

External entities are defined using an entity declaration that gives a URL to an
external resource containing the replacement text:

<!ENTITY legal SYSTEM "http://www.example.com/legal.xml">
Any reference to & 1egal; within a document yields:
<legal>Copyright 2001, Example Corporation</legal>.

Like internal entities, external entities replace symbols with the appropriate text. Sometimes this
must be done when the text uses characters that would otherwise be considered markup (such as
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the use of special characters like <, >, and & in your XML). Other times, entities are used to keep
boilerplate information that is normally maintained somewhere else available to the document.

Parameter entities are different in both usage and applicability. They can only be used to create
the Document Type Definition, and not to directly compose the document. The syntax of an XML
document does not allow parameter entities to be referred to from within the document content,
but only allows their use with the internal and external DTD subsets. There are no unparsed
parameter entities, though a nonvalidating parser may ignore them. Validating parsers are
required to parse all referenced parameter entities.

The declaration for a parameter entity looks much like the declaration for a general
entity, with just a couple of additional characters added:

<!ENTITY % node-decls SYSTEM "node-decls.dtd">

What this declaration has that the general entity declaration doesn't is a percent sign (% ) between
the keyword ENTITY and the name of the entity, with whitespace on both sides to set it off (the
whitespace is required). This parameter entity would be used like this:

%$node-decls;

Note that the reference to the parameter entity uses the percent sign instead of the
ampersand to mark the beginning of the name; this is necessary since the two sets
of names may overlap.

The effect of entity replacement is much like the use of general entities. The
replacement text effectively replaces the entity reference, and interpretation of the
document type continues using the modified text.

The usefulness of parameter entities is highest when working with modularized
document types, which can provide carefully designed extension mechanisms using
parameter entities. A large DTD, such as the industry-standard DocBook DTD for
software documentation, can be customized by creating a new document type that
simply defines several parameter entities and then incorporates the standard
DocBook definition. Since the entity declarations in the customization layer override
the definitions provided by DocBook, this mechanism can be used to either extend or
restrict the specific document type in ways that are suitable for a specific project.

2.6.2 Element Type Declarations

Element type declarations are used to constrain an element's content. They indicate what
element types can be used as children of the element, and show how the children may be arranged.
Element type declarations may look like this:

<!ELEMENT br EMPTY>

<!ELEMENT generic ANY>

<!ELEMENT name (address+) >
<!ELEMENT para (#PCDATA | list | picture) *>
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We can break up the declaration in particular systactic components, each with a
specific purpose:

<!ELEMENT name content-model>

The text <!ELEMENT tells the parser that this is an element type declaration. name gives a name
to the element type; this allows it to be referenced from elsewhere in the Document Type
Definition. The content-model is used to specify what can appear as content of the element,
whether it can contain character data, other elements, or both. No element type may be declared
more than once.

It is interesting to note that there is not a place for attributes to be declared. While attributes are
associated with element types, they are defined using attribute declarations, described later in this
chapter, in Section 2.6.3.

2.6.2.1 Content models

A content model describes what elements are allowed as children of the declared element type,
in what order and combination they are allowed, and whether arbitrary character data is allowed.

The content models of all elements can be broken into two categories:

Element Content
This describes content made up only of elements. That is, you define an
address element that requires no character data, but instead requires child
elements. The specification defines content particles that "consist of names,
choice lists of content particles, or sequence lists of content particles."

Mixed Content

This content may contain character data. This is the most common
arrangement in text documents:

<news title="XML from Outer Space">
This article describes XML transmissions from outer space.
<hl>Not a Meteor</hl>

<para>Contrary to earlier reports, the XML that has landed
from

outer space 1is not a meteor.</para>

</news>

In this example, elements and character data are mixed beneath the news element.
Elements that have a mixed content model are not required to allow other elements as
content. In fact, an element type with only character data in the content model may be
completely empty; there is no way to specify that there must be characters in the
character data.
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Let's take another look at our example element declarations:

<!ELEMENT br EMPTY>

These element type declarations are simple. The content model of the first, EMPTY, can be used to
describe an empty br element as found in XHTML. It can contain no child elements and no
character data. It can still contain noncontent constructs, such as comments or processing
instructions. An element type declared as EMPTY is considered a degenerate special case of
element content.

<!ELEMENT generic ANY>

Next, we have an element named generic that can contain any kind of element defined in the
document type (this does not allow undefined element types!). In addition to other elements,
character data is allowed as well, so a content model of ANY is mixed content.

<!ELEMENT name (address+) >

The third example is simple, but very different from the others. Instead of a simple name such as
ANY or EMPTY, the model is described by something that closely resembles a regular expression.
In this particular example, we have a name element that requires one or more address elements
to be included. This form of content model is perhaps the most commonly used and allows for
fine control. Content models can take on varying levels of complexity, but the goal is always the
same: to define the content that is allowed or expected within the element.

The content model is specified with parentheses, as well as with commas indicating a sequence.
Vertical bar characters (| ) indicate a choice. For example:

<!ELEMENT name (first, last)>

This element type requires a £irst child element followed by a 1ast child element, and nothing
else. If you want to offer a choice between first or 1ast, but not allow both, use a vertical bar:

<!ELEMENT name (first | last)>
These expressions can be nested within each other as well:

<!ELEMENT order (sku, quantity, (account | name), price)>

The above order element requires a child sku element, followed by a quantity element, then
followed by either an account or a name element, and finally followed by a price element.

Additionally, the operators +, *, and 2 can be tacked onto the end of content expressions to
indicate the number of times an element or sequence must occur, or whether it is repeatable or
even required. Without a modifier, the element must appear exactly once in that location. They
are explained in the following list:

—+

Content must appear one or more times.

*
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Content may appear zero or more times.

Content may appear zero times or one time.

For example, to require an order element to have only one account, followed by at least one or
more skus, contain one or more price elements, and optionally provide a shipping address
(ship) once only, you could use an Element type such as the following:

<!ELEMENT order (account, skut+, price+, ship?)>

To mix a combination of character data or elements, you can use the or operator to specify your
mixed content, as shown here:

<!ELEMENT paragraph (#PCDATA | list | picture) *>

This paragraph element type allows for repeatable sequences of character data (denoted by the
asterisk), 1ist elements, or picture elements within paragraph elements. # PCDATA can only
be combined with elements using the or operator in a group that has a * modifier, and it can only
occur in the outermost parenthesized group of a content model.

2.6.3 Attribute Declarations

As discussed earlier, attributes are used to provide name/value combinations as properties of
elements. Attributes can appear only in start tags and empty element tags. An attribute-list
declaration would be a part of a DTD, used to validate the XML document. An example follows:

<!ATTLIST news
title CDATA #REQUIRED

author CDATA #IMPLIED>

This is an attribute-list declaration that indicates that any news element is required to have a
title attribute consisting of character data, and may optionally have an author attribute, also
consisting of character data.

2.6.3.1 Attribute data types

The specification states that attribute types are of three kinds: string, tokenized, and
enumerated. In the earlier attribute list example, you saw that a news element required a title
attribute with the string type CDATA.

There are several tokenized attribute types:
ID

A unique identifier for this element. The identifier must be a name unique in
the current document instance.
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IDREF
Must match an 1D somewhere in the XML document.
IDREFS

A list of one or more names, separated by spaces. Each must match an ID in the
document.

ENTITY

Matches the name of an unparsed entity declared in the document.
ENTITIES

A space-separated list containing one or more entity names.
NMTOKEN

The most seldom used, this matches an NMTOKEN production as defined in the XML
recommendation; refer to the recommendation for more information.

NMTOKENS
A list of one or more space-separated NMTOKEN values; this is the least used attribute type.

The remaining attribute types, the enumerated types, are defined in the attribute list
itself. An enumerated type is a type that takes a nhame from a defined list of names,
in which the list is given in an attribute declaration. Each distinct set of names forms
a separate type, but these types do not have names of their own. An example should
help clarify this:

<!ATTLIST ship

type (sloop | frigate | dinghy) #IMPLIED>

This declaration defines an attribute t ype that may have a value of dinghy, frigate, or sloop,
but no other value. The element <ship type="yacht"/> would trigger a validation failure.

2.6.3.2 Attribute values and constraints

An attribute declaration allows the document type to specify a default value for an
attribute if the attribute is missing. It can also indicate whether the attribute may be
omitted from the document. Let's look at a more interesting example of an attribute
declaration:

<!ATTLIST chapter

synopsis CDATA #IMPLIED

author CDATA #REQUIRED

email CDATA "info@example.com"
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version CDATA #FIXED "l.o"

type (normal | reference|appendix) "normal">

The synopsis attribute is required to be a string (CDATA) if it is given at all, but it is not required,
and does not have a default value because it is marked as #IMPLIED. (Most of the attributes in
HTML are declared this way.) The #REQUIRED constraint means just what it says; the author
attribute must be specified in the document. Because it is a string, it may be empty. If a string
value is specified instead of #IMPLIED or #REQUIRED, as with the email attribute in our
example attribute list, it becomes the default value that is used if no value is given in the
document.

The #FIXED constraint can only be used in conjunction with a default value, which we see for the
version attribute. When this constraint is used, the document is allowed to include the attribute,
but the value must match that given by the default exactly, though it may be encoded using a
different mixture of characters, entity references, and character references. If the value differs, an
error is reported by the parser.

The type attribute is an example of an enumerated type, similar to what we looked at earlier.
Default values and constraints are specified for enumerated types in the same way as for other
types, with the additional constraint that if a value is specified, it must be one of the names
included in the enumeration.

ID attributes offer some unique behavior. Let's create an attribute for the news
element we defined previously:

<!ATTLIST news

newsID ID #REQUIRED>

With this attribute list, news elements are required to have a newsID attribute. The allowed
values are governed by the rules of the 1D tokenized type. Specifically, the 1D value is a name (as
defined in this chapter in Section 2.5.2.1) and must not appear more than once in an XML
document as the value of any attribute of type ID. In other words, ID values must uniquely
represent an element within the document. Consider a legal example:

<news newsID="id39">Text</news>

<news newsID="i1d40">Text</news>

Since the values of ID attributes are required to be unique within a document, the following is
illegal:

<news newsID="1d39">Text</news>

<news newsID="1d39">Text</news>

Additionally, no element may have more than one ID attribute specified. An element type may
define more than one attribute of the ID type, but at most, one ID value may be specified for any
element. As a result, some of the programming APIs can use the values of ID attributes to
retrieve specific elements from a document.
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What is most interesting about ID attributes, however, is not the attributes themselves, but the
IDREF attribute type. While a particular value may only appear once in a document as an ID type,
it may appear any number of times as the value of an IDREF or IDREFS attribute. In particular,
attributes of those types may only take values that also appear as the value of an ID attribute
somewhere in the same document. (An IDREFS attribute can take a value that is a space-
separated list of 1D values, each of which must exist in the document.) These values can be used
to forge internal links between elements that a validating parser must check. This can be very
convenient when a basic tree structure is not sufficient to model your data; the 1D, IDREF, and
IDREFS attributes can be used to extend the data model to include connected, directed graphs
with typed arcs.

2.7 Canonical XML

The term canonicalization originally was "borrowed" loosely from its more ancient
context to indicate that one structure of an instance document is the same as the
master, or commonly accepted, structure of the document. Canonicalization is
sometimes referred to as C14N for brevity; this is similar to the more common use of
I18N for internationalization.

Canonical XML is an emerging W3C recommendation that allows you to see if one
physical representation of a document is equivalent to another physical
representation of the same document in order to determine if they are "canonically"
equivalent. In this section, we explore some of the technical features of Canonical
XML to gain a better understanding of its application to suit your needs.

2.7.1 The Canonical XML Data Model

To begin the process of converting a document to canonical form, you, or rather your
Canonical XML processor, must start with some form of XML that it can understand.
Therefore, your first parameter to a canonical translator should be an XPath node set,
or a serialized XML document. The second parameter is a Boolean value, which
indicates whether comments should be analyzed.

In the case of a node set, it must have normalized line feeds, normalized attribute
values, substituted CDATA sections with their character content, and resolved
character and parsed entity references. In other words, each node must be fully
cooked. No stranded entities and no superfluous whitespace are allowed. All
whitespace within the root element must be preserved with the exception of line-
delimiter normalization. The whole approach leads you to think that the document is
being worked over—flattened, stretched, and pulled like pizza dough just prior to
being cooked.

2.7.2 Document Order

Although Canonical XML depends on XPath, it imposes a few rules on the XPath node
sets that are sent into any Canonical XML processor.

An element's namespace and attribute nodes must follow the element but precede any children.

Namespace nodes must exist prior to attribute nodes.
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Namespace nodes for an element are sorted lexicographically by local name.

Attribute nodes for an element are sorted lexicographically with the namespace URI as a primary
key and the local name as a secondary key.

2.7.3 Canonical XML Structure

Canonical XML does away with the XML declaration and DTD, and also normalizes whitespace
outside of the root element. Abbreviated empty elements (in the style of <element-name/>) are
converted to start- and end-tag pairs (<element-name></element-name>). Namespace and
attributes may be lexicographically reorganized to comply with canonical expectations as
described in Section 2.7.2. In addition to these modifications, a canonical representation
replaces CDATA sections with their actual characters, and applies character reference
replacement when appropriate. Attribute values and text also have their special characters
replaced with references.

Canonical XML is quite new, and we have yet to see significant amounts of Python
software developed for Canonical XML processing. The vision of Canonical XML is
blurry, but it is a method for checking two instances (regardless of DTD or Schema)
and working them over like cleaned fish to see if they share the same skeletons.
Version 0.7 of PyXML will include support for rendering XML in canonical form.

2.8 Going Beyond the XML Specification

The standards developed at the W3C ensure interoperability between distributed
systems and the applications developers around the world. As we progress in this
book from XML tools and strategies in your local applications to distributed
application development, several new XML terms and issues come into the forefront.

2.8.1 XML Namespaces

As discussed in Section 1.2.2 in Chapter 1, namespaces provide a means to combine elements
from different knowledge domains or schemas. The Namespaces specification accomplishes this
by allowing element and attribute names to be qualified with a URI; every URI corresponds to a
unique namespace. Namespaces are used for several purposes in practice, but the most important
is to allow a document to contain elements defined by different schema (possibly originating from
different organizations) without having naming conflicts.

Namespaces are used by associating a named xmlns attribute with a URI. Namespaces are
communicated in an XML document using the reserved colon character in an element name,
prefixed with the xm1ns symbol. For example:

<sumc:purchaseOrder refnum="389473984-38844"
xmlns:sumc="http://www.superultramegacorp.com">
<sumc:product name="Magical Widget" sku="398-4993833">
<sumc:qgty value="24">One Case Order</sumc:gty>

<sumc:amount value="34.56">34.56</sumc:amount>
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<sumc:shipping value="overnight">Next-day</sumc:shipping>
</sumc:product>

</sumc:purchaseOrder>

In this document, the namespace of SuperUltraMegaCorp is defined. The prefix sumc has been
associated with it in the xmlns:sumc attribute. Elements prefixed with sumc: are within this
namespace. This purchaseOrder now has a context that can set it apart from a similarly
structured purchase order intended for a different business domain.

2.8.2 Extracting Information Using XPath

XPath is discussed at length in Chapter 5. For now it is worth a mention, lest you start to
develop your own method for querying XML without understanding what standards are offered.
XPath offers a standardized method of querying XML for specific information, whether it's a
single element or node, or a collection of elements. The standardization is of value not when
you're writing the backend part of your application, but rather when you need to expose search
capabilities either programmatically or via the web.

2.8.3 Using XLink to Link XML Documents

The XLink language allows for the insertion of elements into XML documents to
create and describe links between different resources. XLink uses XML syntax to
create structures representing links similar to hyperlinks used in HTML, as well as
more complex linking structures. Link specifications are encoded in the attributes of
the source document, or in supplemental documents that can describe links among
other documents. The most common applications embed link information at the link
source. The target of a link is described using a URI and an XPath expression; the
URI specifies the target resource, and the XPath expression specifies a specific
location in the linked resource. XLink is still a young specification and is not
discussed further in this book.

2.8.4 Communicating with XML Protocols

The XML Protocol working group is a W3C group tasked with investigating the development of
XML-based messaging and communications standards. These standards are attempting to define a
method of packaging information and sending it across the Internet. Some are focused on
transactions, some are focused on guaranteed delivery, and others are focused on routing and
enveloping mechanisms. The Protocol Activity page (http://www.w3.0rg/2000/03/29-XML-
protocol-matrix) is an excellent online resource for comparing these different protocols when
developing distributed systems. The Web Distributed Authoring and Versioning specifications
from the IETF, collectively known as WebDAV, use XML to support interoperable tools for web
site management and authoring. Chapter 9 covers such items as remote procedure calls and web
services (including SOAP) in greater detail. Additional specifications deal with other aspects of
distributed computing, especially topics such as authentication and secure communications.

2.8.5 Replacing HTML with XHTML
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The Extensible Hypertext Markup Language, or XHTML (http://www.w3.0org/TR/xhtml1/),
is a welcome gift to those of us who have had to struggle with parsing HTML. Though there is a
W3C specification for HTML, most implementations conform only partially. This is due in part
to the growth of HTML from some early implementations rather than a formal specification, and
also to the browser implementers' attempts to do "the right thing" even with badly broken markup.
The attempts to force HTML to fit into an SGML mold after the fact probably hindered
compliance further, if only because the rules for parsing it became more complex and
implementers' don't like to start over. When a browser parses HTML, it concerns itself with
display attributes, not organization of the information in the document. While XHTML doesn't
change the focus on appearance, it is an XML-based markup language, allowing you to parse it
with an XML parser. This can drastically reduce the handling time of XHTML. It also allows you
to leverage XHTML into other XML applications, as well as use XML Namespaces in
conjunction with XHTML that has migrated into other domains and systems.

The first version of the XHTML specification, XHTML 1.0, defines a monolithic
document type that corresponds closely with the HTML 4 specification. Future
versions of XHTML, starting with XHTML 1.1, are moving toward a modular approach;
different aspects of the language will be defined in separate components, and
different applications will have the flexibility to determine which components they
support. Part of the intent is to allow browsers with simpler displays, such as mobile
phones, to avoid having to implement portions of XHTML that do not make sense for
the application (such as tables for very small textual displays). An additional benefit
is that application developers can define new modules that allow documents to be
created that can be used for both presentation to people and improved computer-to-
computer communications.

2.8.6 Transforming XML with XSLT

The XML Stylesheet Language, or XSL, consists of two component specifications: XSL
Transformations (XSLT) and XSL Formatting Objects (XSL-FO). The transformation language is
used to translate XML documents from their original form to some other form, which may be
XML, HTML, or anything else (including plain text). XSLT is covered in more detail in Chapter
6. The XSL-FO specification describes specific presentational styling and is used to describe a
formatted document that could be printed to a typesetting device or displayed on a screen. It is not
as widely implemented as XSLT and is not covered further in this book.
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Chapter 3. The Simple API for XML

The Simple API for XML, otherwise known as SAX, is a popular interface for working
with XML data. Let's start by looking at the background and history of SAX, after
which we'll describe the major components of the interface. Once the overview is
complete, we can look at several examples to help you see how to use it in your own
applications.

3.1 The Birth of SAX

Before SAX, almost every XML parser offered its own interface, so applications were
built to use specific parsers. The interfaces were low-level and generally similar in
structure; the differences were mostly in the details. When new parsers were made
available, applications had to be modified extensively to work with the different
interface in order to take advantage of the new parser, even though the fundamental
structure was essentially unchanged.

As is so often the case, the solution lay in introducing another layer of indirection. A group of
XML developers using Java, led by David Megginson on the XML-DEV mailing list, defined a
set of Java interfaces that allowed an application to work with any parser. The only requirement
was that there be a driver for the new API for each parser. The driver was a class that used the
parser-specific interface to make calls back to the application using the new, general interface.
The application would create handler objects that implemented methods the driver would use to
call back to the application. When Megginson released the specification, he also released a set of
drivers for many of the more popular Java XML parsers. The initial specification supported the
XML 1.0 recommendation, but not any of the more complex layers that have been built on top of
it; the initiatives to create those were largely in their infancy at the time. The group of developers
called the new API the "Simple API for XML," or SAX, because it was actually simpler than
most of the parser-specific interfaces it was designed to abstract away.

The new API was widely received as a major step forward for application writers—it
was easy to use, allowed the use of arbitrary parsers with an application, and was
carefully defined before any other common APIs were available. Java programmers
became extremely happy as the stress levels dropped in their professional lives.
Developers in other languages adapted the specification in ways that allowed SAX to
remain an identifiable API even as it was made to work with the native conventions
used in those languages. Python programmers in the XML-SIG, led by Lars Marius
Garshol, created an adaptation of the API and implemented drivers for several
parsers. This implementation was accepted as part of the PyXML package.

The W3C then released the Namespaces recommendation. This recommendation changed the
very concept of what constituted a name. While there was great debate over the value of the new
recommendation, most people recognized that it did solve real problems and that it was here to
stay. No one wanted a return of having to chase incompatible APIs, so the SAX developers
quickly dug in and worked on a version of SAX that could support Namespaces. The revised API
is known as SAX2. It is interesting to note that some of the first implementations of namespaces
were filters written as SAX handlers; the SAX events were used to drive the SAX2 handlers with
a little bit of processing in the middle to add the Namespaces support. Information on the Java
version of SAX2 and links to additional SAX resources can be found at the SAX home page at
http://www.saxproject.org/.
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Python developers rapidly adopted the SAX2 interface, taking the opportunity to
clean up some warts of the early mapping of SAX from the Java-based specification.
The SAX2 API rapidly became part of PyXML and was adopted for use in the Python
standard library. When Python programmers speak of the SAX API, they are
generally referring to the second version.

3.2 Understanding SAX

The first job of using SAX is to design and implement a handler that works with your
specific XML documents. When dealing with a large project or working with a vast
catalogue of valid documents, it may make sense to implement a few comprehensive
handlers to deal with multiple document types. However, for smaller projects, it may
be more desirable to implement handlers for each specific document type that you
encounter. As you start to build more complex applications, you will see that the
things you're attempting to do with the XML as well as the XML documents
themselves can drive the way you develop your document handlers. Often, the SAX
methods that you implement extract data from the event stream, which you can
then hand off to another application (such as a database). Or you might want to
apply intelligent business logic to it. It's likely that the task will drive your
development strategy.

In all practical use, SAX is a callback-based API in which you implement handler
objects to process XML. You pass a reference to your SAX handler objects to a SAX-
capable parser (or driver; we'll use "parser" to refer to either). When parsing begins,
the parser calls the methods on your handler objects and allows you to process the
XML, so that you can do something useful with it in your applications and distributed
systems.

SAX is an excellent stream-based API. It allows for faster processing of documents,
as well as handling of documents that are simply too large to load into memory.
Additionally, the event-based API allows you to react to parsing events and errors in
"real-time," as they occur, while parsing the document, rather than waiting for the
entire document to load. This can be especially valuable when used in a graphical
application that needs to remain responsive to the user. Another huge win for many
applications is the lower memory consumption when compared to DOM-based code;
by allowing the application control over any objects created during parsing, the
application can minimize the needed storage overhead and discard objects as soon
as they are no longer required.

SAX is the interface to use when you need to construct some application-specific
data structures from one or more documents, but you don't need to maintain the
XML structure within your application. Since SAX reports low-level events to the
handlers installed by the application, the programmer needs to be careful about
keeping track of the application state during parsing—it lends itself toward modeling
the application as a state machine. Fortunately, the programmer is not required to
pay a high memory or a performance penalty, which is often associated with loading
potentially large documents. This would be difficult to avoid when using the DOM
interface, which usually keeps the entire document tree in memory until the tree is
discarded. (We look at the DOM in detail in the next chapter.)

3.2.1 Using SAX in an Application

IT-SC book
55



When an application is built using SAX, it can be helpful to think of the application as a set of
components. The XML parser itself, including the SAX driver, is a black-box component that
only needs a small amount of control information from the application. The handler objects are
the only way for the XML parser to communicate with the application, but the logic they contain
should be more concerned with interpreting the events reported by the parser than in
implementing the application—these often form a separate layer that provides the application
with the data model it needs. The application itself uses the derived data structures and higher-
level events from the handler objects to perform the real work of the application. The relationship
of these components is shown in Figure 3-1.

Figure 3-1. Components of a SAX application
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For smaller applications, it is common for the application and the handlers to be the
same objects, often with the application code in the callback methods. While this
does not work well for larger applications, it is a reasonable approach for simple
applications. While learning about SAX, it offers excellent pedagogical side effects as
well, so our examples embed the application code directly in the handler
implementations. It is not difficult to see how to create abstractions between the SAX
handler objects and a larger application.

SAX refers to the parser object as a reader. It reads input from some source and generates calls
to the handler methods for particular events in the input. (There isn't any requirement that the
source be an XML document, though it usually is.) The application registers handler objects using
methods on the reader, and may set some additional properties of the parser. In our overview of
the API, we start by examining the handler objects that can be provided to the parser and then
take a quick look at the reader interface.

3.2.2 SAX Handler Objects

SAX is composed of four primary interfaces that are called by parsers for the different events that
are encountered during the parsing phase. Python has tailored these methods slightly (mostly by
using Python's more powerful native data types) from its native Java to faithfully implement SAX
in the Python environment. By implementing the different interfaces of the callback API, you can
receive all the events generated by the parser as it encounters the different parts of the XML
document. Let's take a quick look at the different handler objects that can be implemented.
(Complete reference information on the methods invoked by the parser for each object is given in

Appendix C.)

3.2.2.1 ContentHandler
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The ContentHandler interface is the most commonly used of all SAX interfaces, and is the
primary way in which your applications receive parsing events. Parsing events are geared towards
the primary markup and character data present in documents. Tell your SAX-capable parser about
your implementation of this interface via the setContentHandler method.

The callback API is the part of SAX that users of XML are most interested in. This is the API that
you implement to receive the stream of events generated by the parser. As each element comes
through, it triggers the parser to call a startElement method on the handler you implemented.
The startElement handler, designed for the XML in use, must know what to do with any
element it encounters in the document:

def startElement (self, name, attrs):
if name == "webArticle":
subcat = attrs["subcategory"]
if subcat.find("tech") > -1:
self.inArticle =1

self.isMatch =1

elif self.inArticle:
if name == "header":
self.title = attrs["title"]
self.inBody =1
if name == "body":

self.inBody =1
3.2.2.2 ErrorHandler

The ErrorHandler interface allows applications to respond to errors encountered by the parser
at runtime. This object must be registered with the reader object (using setErrorHandler) to
be effective. All parse errors are classified into three categories based on their severity; the
handler object implements a different method for each level of severity. The least severe errors
are passed to the warning method, while real violations of the specifications are passed to the
error method if the parser can continue to look for additional errors in the input. They are
passed to fatalError if this is not possible.

Each of these methods receives a single parameter, which is always an instance of the
SAXException interface. This interface offers a number of methods to allow information about
the error to be retrieved, including where the error occurred and in which input source. If the
handler decides to terminate processing, the SAXException object can simply be raised as an
exception.
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If you do not supply an error handler, the default behavior is to print an error message to
sys.stdout for warnings, and to raise the exception for both normal and fatal errors.

If you have installed the PyXML package, a couple of convenient implementations are provided
in the xml.sax.saxutils module. The ErrorPrinter class is an error handler that prints a
report of the error on standard output, regardless of the severity. The ErrorRaiser simply raises
the exception, so errors always terminate processing.

3.2.2.3 DTDHandler

When an application needs to know about notations and unparsed entities, it can use the SAX
parser's setDTDHandler method to specify a DTDHandler object to receive this information.
Objects with this interface need only implement two interfaces—one to receive notation
definitions, and one to receive entity definitions. Only definitions of unparsed entities (entities
with specified notations) are passed to this interface.

While this doesn't sound like it covers much of the information specified in a DTD, it
does cover what an application is normally expected to need if using unparsed
entities. Remember, the "S" in SAX stands for "Simple"—most applications do not
actually need the details of the content models and other entity definitions. If you do
need more information from the DTD, many mechanisms are available:

The optional SAX DeclHandler handler, which may not be supported by all parsers

The native interface of the Expat parser; see the documentation for the standard library module
xml.parsers.expat

The xml.parsers.xmlproc.dtdparser module from PyXML
3.2.2.4 EntityResolver

This handler, if implemented, must also be registered with the parser prior to parsing, using the
parser's setEntityResolver method. When the parser encounters external entities, it calls the
resolveEntity method in your implementation. Application developers can use this method to
point the parser at an alternative location to resolve entities, such as a cache. If it returns None or
a system identifier, the parser tries to load the entity using the basic facilities for HTTP and FTP
provided by the Python standard library.

3.2.2.5 Other handler objects

There are actually two more handler objects defined for use with SAX, but these are
considered optional and do no have methods on the parser to set them as
conveniently. Most applications will not need these, but being aware of them helps
when they are needed.

DeclHandler

An object with methods that are called when the parser encounters definitions
of the structural model of the document. The methods are called for element
and attribute declarations, and for declarations of both internal and external
entities.
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LexicalHandler

The methods of this object are called for events that applications are not
supposed to care about, but that can be useful when performing a transform
that should not affect the document any more than necessary. The events
reported to this handler include comments, entity boundaries, the start and
end of the DTD, and CDATA section boundaries.

There are no setDeclHandler or setlLexicalHandler methods on a SAX parser. These
handlers are installed using the property interface of the parser, which we discuss shortly.

3.2.3 SAX Reader Objects

To use the handler objects, we must register them with a SAX reader, or parser. All parsers are
required to support the four most commonly needed handlers, and convenient methods are
defined to set and retrieve the values of each of these. The routines setContentHandler,
setDTDHandler, setEntityResolver, and setErrorHandler all have matching routines to
retrieve the current handler; these methods have names that start with get instead of set. There
is an additional method, setLocale, which can be used to specify the locale for errors and
warnings.

In addition to these configuration methods, SAX provides the concepts of features and properties.
A feature is some bit of functionality that may be turned on or off, and a property is a named
value associated with the parser's state. Depending on the specific feature or property and the
parser implementation, each may be either read-only or modifiable, or perhaps modifiable only
when a parse is not in progress. The DeclHandler and LexicalHandler discussed previously
are configured by setting properties on the parser. Most applications will not need to use
properties or features.

3.3 Reading an Article

In this example, we look at how we can extract and use information from an XML
document using SAX. The particular documents our script works with are simple
news articles, but we'll see how to work with elements, attributes, and textual
content.

Some of the trade-offs of using SAX depend on what you're trying to accomplish, and how the
XML is structured. SAX treats XML as a continuous stream, firing events to your handler as they
happen. Example 3-1 shows article.xml.

Example 3-1. article.xml
<?xml version="1.0"2>
<webArticle category="news" subcategory="technical">
<header title="NASA Builds Warp Drive"
length="3k"

author="Joe Reporter"
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distribution="all"/>

<body>Seattle, WA - Today an anonymous individual
announced that NASA has completed building a
Warp Drive and has parked a ship that uses
the drive in his back yard. This individual
claims that although he hasn't been contacted by
NASA concerning the parked space vessel, he assumes
that he will be launching it later this week to
mount an exhibition to the Andromeda Galaxy.

</body>

</webArticle>

Example 3-1 contains markup that is structured in a few different ways, and can be interesting
to parse via SAX. A document such as article.xml requires that we understand how the
document is structured prior to writing a handler to parse it. Therefore, the handler is tightly
coupled to the document's structure.

3.3.1 Writing a Simple Handler

You can write the ArticleHandler class to a new file, handlers.py; we'll keep adding new
handlers to this file throughout the chapter. Keep it simple at first, just to see how SAX works:

# - ArticleHandler (add to handlers.py file)
class ArticleHandler (ContentHandler) :

A handler to deal with articles in XML

def startElement (self, name, attrs):
print "Start element:", name

Now we need to create a script to instantiate the parser, assign the handler, and do
the actual work.

3.3.2 Creating the Main Program

No matter how complex your handler objects become, there is rarely much code involved in
setting up the parser. Let's look at Example 3-2, in which we use only the ArticleHandler
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class just created, and parse what we find on the standard input stream. The file art.py, shown in
Example 3-2, demonstrates how to do this.

Example 3-2. art.py
#!/usr/bin/env python

# art.py

import sys

from xml.sax import make parser

from handlers import ArticleHandler

ch = ArticleHandler( )

saxparser = make parser( )

saxparser.setContentHandler (ch)
saxparser.parse (sys.stdin)

Once created, you can run the code from the command line using file redirection to
populate standard input (both Unix and Windows):

$> python art.py < article.xml

The output using the simple article handler appears as:
Start element: webArticle

Start element: header

Start element: title

Start element: body
The output reflects the simple rule in your ArticleHandler class, which just prints out the

name of each tag it encounters. To really use the XML, you have to add more functionality to the
handler class in the handlers.py file.

3.3.3 Adding Intelligence
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XML allows information to be parsed for different purposes. If you create a news
article in XML, one application can grab it and display it as HTML, while another can
index it to a search database. It's easy to imagine that a service might like to offer
intelligent agents to scour Internet sources for news items, special offers, and other
items of interest for you based on preferences that you set up. XML makes this
process manageable, as opposed to the alternative of reliably parsing HTML for
structured information, which is nearly impossible. HTML only communicates the
appearance of a document and not its organizational structure. In HTML, two
documents may look exactly alike in the browser, but use wildly different tags under
the hood. Parsing the HTML for its information won't work, unless of course the page
designer had that goal in mind when setting out to create the page.

Your news agent is configured to go after technology stories, especially ones that
relate to space travel. When it discovers such an article, it displays a message, the
headline, and the first few words of the body text. You can add functionality to your
handler class to support this.

Since SAX is stream-based, it's sometimes necessary to set flags so that you can
track when you've entered certain elements in and when you haven't. If you find that
you're setting too many different flags, you might consider using a DOM approach as
opposed to SAX. SAX is perfect when doing bulk operations on a lengthy XML stream.
However, if you are trying to pull a complex data structure out of the document, you
may be better off using the DOM.

To keep our example simple, set a few flags as the events are propagated, and go after the desired
information. In the startElement method, check to see if you're indeed inside a news article
and if your article is indeed technical. If it satisfies both of these requirements, change a Boolean
data member so that other methods start paying attention to the data they receive. Also set a
property on the handler itself so that the main application knows the handler has found a technical
article, as that was its assignment:

def startElement (self, name, attrs):
if name == "webArticle":
subcat = attrs.get ("subcategory", "")
if subcat.find("tech") > -1:
self.inArticle =1

self.isMatch = 1

elif self.inArticle:
if name == "header":
self.title = attrs.get ("title", "")
if name == "body":
self.inBody =1
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The last conditional test is to see if the parser has entered the body element of a relevant article. If
so0, the characters method now knows to begin buffering data as the it is called:

def characters(self, characters):
if self.inBody:
if len(self.body) < 80:
self.body += characters
if len(self.body) > 80:
self.body = self.body[:78] + "..."

self.inBody = 0

Finally, look for the close of the body tag to indicate to the characters method that it no longer
needs to pay attention to character data:

def endElement (self, name) :
if name == "body":
self.inBody = 0

Beyond implementing these three methods, the class is also modified to initialize data members,
and to provide an isMatch data member to indicate to the main application whether this handler
has found something worth keeping. The complete class (replacing the earlier class of the same
name) is shown in Example 3-3.

Example 3-3. Enhanced ArticleHandler

from XML.sax.handler import ContentHandler

class ArticleHandler (ContentHandler) :

A handler to deal with articles in XML

inArticle = 0
inBody =0
isMatch =0
title = ""
body ="
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def startElement (self, name, attrs):
if name == "webArticle":
subcat = attrs.get ("subcategory"™, "")
if subcat.find("tech") > -1:

self.inArticle =1

self.isMatch = 1

elif self.inArticle:
if name == "header":
self.title = attrs.get("title", "")
if name == "body":

self.inBody = 1

def characters(self, characters):
if self.inBody:
if len(self.body) < 80:
self.body += characters
if len(self.body) > 80:
self.body = self.body[:78] + "..."

self.inBody = 0

def endElement (self, name) :
if name == "body":

self.inBody = 0

3.3.4 Using the Additional Information

Now that the handler has been modified to collect more information and determine if the article is
interesting, we can add a little more code to art.py so that when an interesting article is found, it
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prints a report for the user and ignores everything else. To do this, we need only append this code
to the end of art.py, which was originally shown in Example 3-2:

if ch.isMatch:
print "News Item!"
print "Title:", ch.title
print "Body:", ch.body
With article.xml as input, you should see the following output:
$> python art.py
< article.xml
News Item!
Title: NASA Builds Warp Drive
Body: Seattle, WA - Today an anonymous individual

announced that NASA has completed building a...

3.4 Searching File Information

In this section, we create a file indexing script that can generate an XML document representing
your entire filesystem or a specific portion of it. Indexing files with XML is a powerful way to
keep track of information, or perform bulk operations on groups of particular files on a disk. You
can create an XML-generating indexing routine easily in Python. The index.py program in
Example 3-4 (which shows up a little later in the chapter) starts in any directory you specify and
generates an element for each file or directory that exists beneath the starting point. Once we have
the index of file information, we look at how to use SAX to search the information to filter the list
of files for whatever criteria interests us at the time.

3.4.1 Creating the Index Generator

The main part of this routine works by just checking each file in a starting directory, and then
recursing into any directories it finds beneath the starting directory. Recursion allows it to index
an entire filesystem if you choose. On Unix, the program performs a lot of work, as it does
content checking via a popen call to the £i1e command for each file. (While this could be made
more efficient by calling find less often and requiring it to operate on more than one file at a
time, that isn't the topic of this book.) One of the key methods of this class is
indexDirectoryFiles:

def indexDirectoryFiles(self, dir):

"""Index a directory structure and creates an XML output file."""
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# prepare output XML file

self. fd = open(self.outputFile, "w")

self. fd.write('<?xml version="1.0" encoding=""' +
XML ENC + ' "?>\n")

self. fd.write("<IndexedFiles>\n")

# do actual indexing
self. indexDir (dir)
# close out XML file
self. fd.write("</IndexedFiles>\n")

self. fd.close()

An XML file is created with the name given in outputFile and an XML declaration and root
element are added. The indexDirectoryFiles method calls its internal =~ indexDir
method—this is the real worker method. It is a recursive method that descends the file hierarchy,
indexing files along the way.

def  indexDir(self, dir):
"""Recursive function to do the actual indexing."""
# Create an indexFile for each regular file,
# and call the function again for each directory
files = listdir(dir)
for file in files:
fullname = os.path.join(dir, file)

st values = stat (fullname)

# check if its a directory
if S ISDIR(st values[0]):

print file
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# create directory element

self. fd.write("<Directory ")
self. fd.write(' name="' + escape(fullname) + '">\n')
self. indexDir (fullname)

self. fd.write("</Directory>\n")

else:
# create regular file entry
print dir + file
1f = IndexFile(fullname, st values)
self. fd.write(lf.getXML())

The actual work is just determining those files that are directories and those that are regular files.
XML is created accordingly during this process, and written to the output file. When all of the
__indexDir calls eventually return, the XML file is closed.

Now the program is essentially finished. A helper function named escape is imported from the
xml.sax.saxutils module to perform entity substitution against some common characters
within XML character data to ensure they do not appear to be markup in the resulting XML.

3.4.1.1 Creating the IndexFile class

The IndexFile class is used for an XML representation of file information. This information is
derived primarily from the os. stat system call. The class copies information from the stat call
into its member variables inits __init  method, as shown here:

def init (self, filename, st vals):
"""Extract properties from supplied stat object."""
self.filename = filename

self.uid

st vals[4]
self.gid = st vals[5]
self.size = st vals[6]
self.accessed = ctime (st vals[7])
self.modified = ctime (st vals[8])
self.created = ctime (st _vals[9])
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# try for filename extension

self.extension = os.path.splitext (filename) [1]

In this method, important file information is extracted from the tuple st vals. This contains the
filesystem information returned by the stat call. The init method also tries for a filename
extension if possible by checking for the "." character. If you are running Unix, the script tries to
use the os.popen function to call the file command, which returns a human-readable
description of the content of both text and binary files. It can take much longer to generate, but
once in, the XML is valuable and does not need to be regenerated every time we want it:

# check contents using file command on linux
if os.name == "posix":
# Open a process to check file contents
fd = popen("file \"" + filename + "\"")
self.contents = fd.readline () .rstrip( )
fd.close( )
else:
# No content information

self.contents = self.extension

If you're not using Unix, the £ile command is unavailable, and so the contents information is
given the file extension. For example, in a Word file, the XML s
<contents>.doc</contents>. On Unix, however, the call to popen returns a file object. The
output text of the command is read in using the readline method of the file object. The results
are then stripped and used as a description of the files contents. The class features a single method,
getXML, which returns the file information as a single XML element in string format:

def getXML (self):

"""Returns XML version of all data members."""

return ("<file name=\"" + escape(self.filename) + "\">" +
"\n\t<userID>" + str(self.uid) + "</userID>" +
"\n\t<groupID>" + str(self.gid) + "</groupID>" +
"\n\t<size>" + str(self.size) + "</size>" +
"\n\t<lastAccessed>" + self.accessed +
"</lastAccessed>" +
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"\n\t<lastModified>" + self.modified +
"</lastModified>" +

"\n\t<created>" + self.created + "</created>" +
"\n\t<extension>" + self.extension +
"</extension>" +

"\n\t<contents>" + escape (self.contents) +
"</contents>" +

"\n</file>")

In the preceding code, the XML is thrown together as a series of strings. Another way is to use a
DOMImplementation object to create individual elements and insert them into the document's
structure (illustrated in Chapter 10).

Both of these classes are used to develop a lengthy XML document representing files and
metadata for any given section of your filesystem. The complete listing of index.py is shown in
Example 3-4

Example 3-4. index.py
#!/usr/bin/env python
index.py

usage: python index.py <starting-dir> <output-file>

woin

import os

import sys

from os import stat
from os import listdir
from os import popen

from stat import S ISDIR

from time import ctime
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from xml.sax.saxutils import escape

XML _ENC = "ISO-8859-1"

LLRIBIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRINIRIRIRIRIRININL]

Class: Index(startingDir, outputFile)

URIRIR IR IR IRIRIRIR IR RN IR RIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIEIRIRIRIRIRIRIRIRIRIRIRIR]

class Index:
This class indexes files and builds
a resultant XML document.
def init (self, startingDir, outputFile):
""" init: sets output file """
self.outputFile = outputFile

self.startingDir = startingDir

def indexDirectoryFiles(self, dir):
"""TIndex a directory structure and creates an XML output file."""
# prepare output XML file
self. fd = open(self.outputFile, "w")
self. fd.write('<?xml version="1.0" encoding=""' +
XML _ENC + '"?2>\n"')

self. fd.write("<IndexedFiles>\n")

# do actual indexing

self. indexDir (dir)
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# close out XML file
self. fd.write("</IndexedFiles>\n")

self. fd.close( )

def  indexDir(self, dir):
"""Recursive function to do the actual indexing."""
# Create an indexFile for each regular file,
# and call the function again for each directory
files = listdir (dir)
for file in files:
fullname = os.path.join(dir, file)

st values = stat (fullname)

# check if its a directory
if S ISDIR(st values[0]):

print file

# create directory element

self. fd.write("<Directory ")

self. fd.write(' name="' + escape (fullname) +
self. indexDir (fullname)

self. fd.write("</Directory>\n")

else:
# create regular file entry
print dir + file

1f = IndexFile(fullname, st values)
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self. fd.write(lf.getXML( ))

URIRIR IR IR IR IR IRIRIR IR NI IRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIRIEIRIRIRIRIRIRIRIRIRIRIRIR]

Class: IndexFile(filename, stat-tuple)

URIR IR IR IR RN RN RIR IR RN IR IR R NI R IR R IRIRIRIRIRIRIRIEIRIRIRIRIRIRIRIRIRIRIRIN]]

class IndexFile:

wuan

Simple file representation object with XML
def init (self, filename, st vals):

"""Extract properties from supplied stat object."""

self.filename = filename
self.uid = st vals[4]
self.gid = st vals[5]
self.size = st vals[6]

self.accessed = ctime (st vals[7])

self.modified = ctime (st vals[8])

self.created = ctime (st vals[9])

# try for filename extension

self.extension = os.path.splitext (filename) [1]

# check contents using file command on linux
if os.name == "posix":

# Open a process to check file

# contents

fd = popen("file \"" + filename + "\"")

self.contents = fd.readline() .rstrip( )
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fd.close( )

else:

# No content information

self.contents = self.extension

def getXML (self):

"""Returns XML version of all data members."""

return

LURIRIRIRIRIRIRIRINIRIR]]

Main

URIRIRIRIRIRINIRININIR]]

if name

("<file name=\"" + escape(self.filename) + "\">"

"\n<userID>" + str(self.uid) +
"\n<groupID>" + str(self.gid)
"\n<size>" + str(self.size) +
"\n<lastAccessed>" + self.acce
"</lastAccessed>" +
"\n<lastModified>" + self.modi
"</lastModified>" +

"\n\t<created>" + self.created

"</userID>" +
+ "</groupID>" +
"</size>" +

ssed +

fied +

+ "</created>" +

"\n\t<extension>" + self.extension +

"</extension>" +
"\n\t<contents>" + escape(self
"</contents>" +

"\n</file>")

== " main ":

index = Index(sys.argv[l], sys.argv[2])

print "Starting Dir:", index.startingDir
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print "Output file:", index.outputFile

index.indexDirectoryFiles (index.startingDir)
3.4.1.2 Running index.py

Running index.py from the command line requires supplying both a starting directory and an
XML filename to use as output:

$> python index.py /usr/bin/ usrbin.xml

The script prints directory names similar to the find command, but after completion, the file
usrbin.xml contains something similar to the following:

<?xml version="1.0" encoding=" IS0-8859-1"?>

<IndexedFiles>

<Directory name="/usr/bin/X11">

<file name="/usr/bin/X11/Magick-config">
<userID>0</userID>
<groupID>0</groupID>
<size>1786</size>
<lastAccessed>Fri Jan 19 22:29:34 2001</lastAccessed>
<lastModified>Mon Aug 30 20:49:06 1999</lastModified>
<created>Mon Sep 11 17:22:01 2000</created>
<extension>None</extension>

<contents>/usr/bin/X11/Magick-config: Bourne shell script
text</contents>

</file><file name="/usr/bin/X1l/animate">
<userID>0</userID>
<groupID>0</groupID>
<size>16720</size>
<lastAccessed>Fri Jan 19 22:29:34 2001</lastAccessed>
<lastModified>Mon Aug 30 20:49:09 1999</lastModified>

<created>Mon Sep 11 17:22:01 2000</created>
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<extension>None</extension>
<contents>/usr/bin/Xll/animate: ELF 32-bit LSB executable,
Intel 80386,version 1, dynamically linked (uses
shared 1libs), stripped</contents>
</file>

The XML file's size depends on the particular directory it originated in. By default, the
program follows symbolic links (on Unix, symbolic links allow one directory or
filename to refer to another), introducing the possibility of forming infinite recursion,
so beware! Indexing your home directory or indexing a directory of open source
software that you've downloaded is probably the most effective thing to do in this
case.

3.4.2 Searching the Index

Now that your file data has been abstracted to XML, you can write a SAX event
handler to search for items within the file list. SAX is a good choice here, because
this document could easily be several megabytes in size, and interpreting it as it is
being read is the least resource-intensive approach.

The saxfinder.py script takes a single argument (the search text) and parses the supplied XML file
checking via its SAX handler interfaces, in order to see if any of the files are of interest to you.

The script expects to work on XML as created earlier with index.py.

If the contents element of your XML file contains the character data that you supplied on the
command line, the file is considered a match and the script prints a message accordingly. If you
are running Windows, your contents tags only have the file extension, so your searches are
limited to file extensions, unless you alter the code to watch something besides just the
contents element.

Use three methods of the SAX interface to implement your metadata finder. First,
startElement is implemented to both capture the name of the current £ile element as well as
mark when you've entered the character data portion following a contents tag:

def startElement (self, name, attrs):

if name == "file":
self.filename = attrs.get('name', "")
elif name == "contents":

self.getCont = 1

If you're entering a content element, a flag (self.getCont) is set so that the characters
method knows when to gobble up character data and store it in another member variable:
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def characters(self, ch):
if self.getCont:

self.contents += ch

When an endElement event rolls around, the script examines the contents that have been
captured (if any) to see if they match the original command-line parameter. If so, the filename is
printed; if not, SAX happily moves on to the next file element within the XML document:

def endElement (self, name) :
if name == "contents":
self.getCont = 0
if self.contents.find(self.contentType) > -1:
print self.filename, "has", self.contentType, "content."

self.contents = ""

In addition, the self.getCont flag is disabled after leaving a contents element, to instruct the
characters method not to capture data.

SAX helps you here by allowing you to pro