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Section 1. Introduction

Should I take this tutorial?
This tutorial is designed for developers who understand the basic concept of XML and are
ready to move on to coding applications to manipulate XML using the Document Object Model
(DOM). It assumes that you are familiar with concepts such as well-formedness and the
tag-like nature of an XML document. (If necessary, you can get a basic grounding in XML itself
through the Introduction to XML tutorial.)

All of the examples in this tutorial are in Java, but you can develop a thorough understanding
of the DOM through this tutorial even if you don't try out the examples yourself. The concepts
and API for coding an application that manipulates XML data in the DOM are the same for any
language or platform, and no GUI programming is involved.

Tools
The examples in this tutorial, should you decide to try them out, require the following tools to
be installed and working correctly. Running the examples is not a requirement for
understanding.

A text editor: XML files are simply text. To create and read them, a text editor is all you need.

JavaTM 2 SDK, Standard Edition version 1.3.1: The sample applications demonstrate
manipulation of the DOM through Java. You can download the Java SDK from
http://java.sun.com/j2se/1.3/ .

JavaTM APIs for XML Processing: Also known as JAXP 1.1, this is the reference
implementation that Sun provides. You can download JAXP from
http://java.sun.com/xml/xml_jaxp.html . (NOTE: If you have other XML parsers, such as
Xerces, on your classpath, make sure they appear after JAXP in order to prevent problems
that stem from differences in implementation.)

Other Languages: Should you wish to adapt the examples, DOM implementations are also
available in other programming languages. You can download C++ and Perl implementations
of a DOM parser called Xerces from the Apache Project at http://xml.apache.org .

Conventions used in this tutorial
* Text that needs to be typed is displayed in a bold monospace font. Bold is used in

some code examples to draw attention to a tag or element being referenced in the
accompanying text.

* Emphasis/Italics is used to draw attention to windows, dialog boxes and feature names.
* A monospace font presents file and path names.
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* Throughout this tutorial, code segments irrelevant to the discussion have been omitted
and replaced with ellipses (...).

About the author
Nicholas Chase has been involved in Web site development for companies including Lucent
Technologies, Sun Microsystems, Oracle Corporation, and the Tampa Bay Buccaneers. Nick
has been a high school physics teacher, a low-level radioactive waste facility manager, an
online science fiction magazine editor, a multimedia engineer, and an Oracle instructor. More
recently, he was the Chief Technology Officer of Site Dynamics Interactive Communications in
Clearwater, Florida, and is the author of three books on Web development, including Java and
XML From Scratch (Que). He loves to hear from readers and can be reached at
nicholas@nicholaschase.com .
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Section 2. What is the Document Object Model?

The foundation of XML
The Document Object Model (DOM) is the foundation of Extensible Markup Language, or
XML. XML documents have a hierarchy of informational units called nodes; DOM is a way of
describing those nodes and the relationships between them.

In addition to its role as a conceptual description of XML data, the DOM is a series of
Recommendations maintained by the World Wide Web Consortium (W3C). It began as a way
to allow Web browsers to identify and manipulate elements on a page -- functionality that
predates W3C involvement and is referred to as "DOM Level 0".

The actual DOM Recommendation, which is currently at Level 2 (with Level 3 expected to
become a Recommendation toward the beginning of 2002), is an API that defines the objects
that are present in an XML document and the methods and properties that are used to access
and manipulate them.

This tutorial demonstrates the use of the DOM Core API as a means for reading and
manipulating XML data using the example of a series of orders from a commerce system. It
also teaches you how to create DOM objects in your own projects for the purposes of storing
or working with data.

The DOM as structure
Before beginning work with the DOM, it pays to have an idea of what it actually represents. A
DOM Document is a collection of nodes, or pieces of information, organized in a hierarchy.
This hierarchy allows a developer to navigate around the tree looking for specific information.
Analyzing the structure normally requires that you load the entire document and load the
hierarchy before any work is done. Because it is based on a hierarchy of information, the DOM
is said to be tree based.

For exceptionally large documents, parsing and loading the entire document can be slow and
resource intensive, so there are other means for dealing with the data. These event-based
models, such as the Simple API for XML (SAX), work on a stream of data, processing it as it
goes by. (SAX is the subject of another tutorial and other articles in the developerWorks XML
zone. See Resources on page 32for more information.) An event-based API eliminates the
need to build the data tree in memory, but it doesn't allow a developer to actually change the
data in the original document.

The DOM, on the other hand, also provides an API that allows a developer to add, edit, move,
or remove nodes at any point on the tree in order to create an application.
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A DOM roadmap
Working with the DOM involves several concepts
that all fit together. We'll examine these
relationships in the course of this tutorial.

A parser is a software application that is designed
to analyze a document -- in this case an XML file
-- and do something specific with the information.
In an event-based API like SAX, the parser sends
events to a listener of some sort. In a tree-based
API like DOM, the parser builds the data tree in
memory.

The DOM as an API
Starting with DOM Level 1, the DOM API contains interfaces that represent all of the different
types of information that can be found in an XML document, such as elements and text. It also
includes the methods and properties necessary to work with these objects.

Level 1 included support for XML 1.0 and HTML, with each HTML element represented as an
interface. It included methods for adding, editing, moving, and reading the information
contained in nodes, and so on. It did not, however, include support for XML Namespaces,
which provide the ability to segment information within a document.

Namespace support was added to the DOM Level 2. Level 2 extends Level 1, allowing
developers to detect and use the namespace information that might be applicable for a node.
Level 2 also adds several new modules supporting Cascading Style Sheets, events, and
enhanced tree manipulations.

DOM Level 3 is still being written, but is expected to add enhanced namespace support,
including: two new recommendations, XML Infoset and XML Base; extended support for user
interface events and support for DTD; XML Schema loading and saving abilities; and other
features. Notably, it also adds support for XPath, the means used in XSL Transformations to
locate specific nodes.

The modularization of the DOM means that as a developer, you must know whether the
features you wish to use are supported by the DOM implementation you are working with.

Determining feature availability
The modular nature of the DOM Recommendations allows implementors to pick and choose
which sections to include in their product, so it may be necessary to determine whether a
particular feature is available before attempting to use it. This tutorial will use only the DOM
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Level 2 Core API, but it pays to understand how features can be detected when moving on in
your own projects.

DOMImplementation is one of the interfaces defined in the DOM. By using the
hasFeature() method, you can determine whether a particular feature is supported. No
standard way of creating a DOMImplementation exists, but the following code demonstrates
how to use hasFeature() to determine whether the DOM Level 2 Style Sheets module is
supported in a Java application using JAXP 1.1. The concepts are the same for other
implementations.

import javax.xml.parsers.DocumentBuilderFactory;
import javax.xml.parsers.DocumentBuilder;
import org.w3c.dom.DOMImplementation;

public class ShowDomImpl {

public static void main (String args[]) {
try {

DocumentBuilderFactory dbf = DocumentBuilderFactory.newInstance();
DocumentBuilder docb = dbf.newDocumentBuilder();
DOMImplementation domImpl = docb.getDOMImplementation();

if (domImpl.hasFeature("StyleSheets", "2.0")) {
System.out.println("Style Sheets are supported.");

} else {
System.out.println("Style Sheets are not supported.");

}
} catch (Exception e) {}
}

}

The tutorial will use a single document to demonstrate the objects and methods of the DOM
Level 2 Core API.

The basic XML file
Examples throughout this tutorial use an XML file that contains the code example below, which
represents orders working their way through a commerce system. To review, the basic parts of
an XML file are:

* The XML declaration: The basic declaration <?xml version"1.0"?> defines this file as
an XML document. It's not uncommon to specify an encoding in the declaration, as shown
below. This way, it doesn't matter what language or encoding the XML file uses, the
parser will be able to read it properly as long as it understands that particular encoding.

* The DOCTYPE declaration: XML is a convenient way of exchanging information between
humans and machines, but a common vocabulary is necessary for XML to work smoothly.
The optional DOCTYPE declaration can be used to specify a document (in this case,
orders.dtd), against which this file should be compared to ensure there is no stray or
missing information (for example, a missing userid or misspelled element name).
Documents processed this way are known as valid documents. Successful validation is
not a requirement for XML.

* The data itself: Data in an XML document must be contained within a single root element,
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such as the orders element below. In order for an XML document to be processed, it
must be well formed.

<?xml version="1.0" encoding="UTF-8"?>
<!DOCTYPE ORDERS SYSTEM "orders.dtd">
<orders>

<order>
<customerid limit="1000">12341</customerid>
<status>pending</status>
<item instock="Y" itemid="SA15">

<name>Silver Show Saddle, 16 inch</name>
<price>825.00</price>
<qty>1</qty>

</item>
<item instock="N" itemid="C49">

<name>Premium Cinch</name>
<price>49.00</price>
<qty>1</qty>

</item>
</order>
<order>

<customerid limit="150">251222</customerid>
<status>pending</status>
<item instock="Y" itemid="WB78">

<name>Winter Blanket (78 inch)</name>
<price>20</price>
<qty>10</qty>

</item>
</order>

</orders>

In the DOM, working with XML information means first breaking it down into nodes.
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