19.5. Document Type Definitions (DTDs):

Creating a Document Type Definition

Figure 19.4 presented a simple business letter marked up with XML. Recall that line 5 of letter.xml references a DTD letter.dtd (Fig. 19.9). This DTS specifies the business letter's element types and attributes, and their relationships to one another.

Figure 19.9. Document Type Definition (DTD) for a business letter.
(This item is displayed on page 945 in the print version)
	 1 <!-- Fig. 19.9: letter.dtd       -->
 2 <!-- DTD document for letter.xml -->
 3
 4 <!ELEMENT letter ( contact+, salutation, paragraph+,
 5    closing, signature )>                            
 6
 7 <!ELEMENT contact ( name, address1, address2, city, state,

 8    zip, phone, flag )>
 9 <!ATTLIST contact type CDATA #IMPLIED>
10
11 <!ELEMENT name ( #PCDATA )>
12 <!ELEMENT address1 ( #PCDATA )>
13 <!ELEMENT address2 ( #PCDATA )>
14 <!ELEMENT city ( #PCDATA )>
15 <!ELEMENT state ( #PCDATA )>
16 <!ELEMENT zip ( #PCDATA )>
17 <!ELEMENT phone ( #PCDATA )>
18 <!ELEMENT flag EMPTY>
19 <!ATTLIST flag gender (M | F) "M">
20
21 <!ELEMENT salutation ( #PCDATA )>
22 <!ELEMENT closing ( #PCDATA )>
23 <!ELEMENT paragraph ( #PCDATA )>
24 <!ELEMENT signature ( #PCDATA )>



A DTD describes the structure of an XML document and enables an XML parser to verify whether an XML document is valid (i.e., whether its elements contain the proper attributes and appear in the proper sequence). DTDs allow users to check document structure and to exchange data in a standardized format. 
Defining Elements in a DTD:

· The ELEMENT element type declaration in lines 4-5 defines the rules for element letter. 
· In this case, letter contains one or more contact elements, one salutation element, one or more paragraph elements, one closing element and one signature element, in that sequence. 
· The plus sign (+) occurrence indicator specifies that the DTD allows one or more occurrences of an element. 
· Other occurence indicators include the asterisk (*), which indicates an optional element that can occur zero or more times, 
· And the question mark (?), which indicates an optional element that can occur at most once (i.e., zero or one occurrence).

Defining Attributes in a DTD:

Line 9 uses the ATTLIST attribute-list declaration to define an attribute named type for the contact element. 
Keyword #IMPLIED specifies that if the parser finds a contact element without a type attribute, the parser can choose an arbitrary value for the attribute or can ignore the attribute. 
Either way the document will still be valid (if the rest of the document is valid)a missing type attribute will not invalidate the document. Other keywords that can be used in place of #IMPLIED in an ATTLIST declaration include #REQUIRED  and #FIXED. 
Keyword #REQUIRED specifies that the attribute must be present in the element, and keyword #FIXED specifies that the attribute (if present) must have the given fixed value. For example,

<!ATTLIST address zip CDATA #FIXED "01757">
Indicates that attribute zip (if present in element address) must have the value 01757 for the document to be valid. 
If the attribute is not present, then the parser, by default, uses the fixed value that the ATTLIST declaration specifies.
Character Data vs. Parsed Character Data

Keyword CDATA (line 9) specifies that attribute type contains character data (i.e., a string). A parser will pass such data to an application without modification.

Keyword #PCDATA (line 11) specifies that an element (e.g., name) may contain parsed character data (i.e., data that is processed by an XML parser). 
Elements with parsed character data cannot contain markup characters, such as less than (<), greater than (>) or ampersand (&). 
The document author should replace any markup character in a #PCDATA element with the character's corresponding character entity reference. 
For example, the character entity reference &lt; should be used in place of the less-than symbol (<), and the character entity reference &gt; should be used in place of the greater-than symbol (>). A document author who wishes to use a literal ampersand should use the entity reference &amp; instead parsed character data can contain ampersands (&) only for inserting entities. 
Defining Empty Elements in a DTD

Line 18 defines an empty element named flag. 
Keyword EMPTY specifies that the element does not contain any data between its start and end tags. 
Empty elements commonly describe data via attributes. For example,flag's data appears in its gender attribute (line 19). Line 19 specifies that the gender attribute's value must be one of the enumerated values (M or F) enclosed in parentheses and delimited by a vertical bar (|) meaning "or." Note that line 19 also indicates that gender has a default value of M.
Well-Formed Documents vs. Valid Documents

The validation revealed that the XML document letter.xml (Fig. 19.4) is well formed and valid it conforms to letter.dtd (Fig. 19.9). 
Recall that a well-formed document is syntactically correct (i.e., each start tag has a corresponding end tag, the document contains only one root element, etc.), and a valid document contains the proper elements with the proper attributes in the proper sequence. An XML document cannot be valid unless it is well formed.

When a document fails to conform to a DTD or a schema, the Microsoft XML Validator displays an error message. 
For example, the DTD in Fig. 19.9 indicates that a contact element must contain the child element name. A document that omits this child element is still well formed, but is not valid. In such a scenario, Microsoft XML Validator displays the error message shown in Fig. 19.10.

Figure 19.10. XML Validator displaying an error message.
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19.6. W3C XML Schema Documents

schemas use XML syntax and are actually XML documents that programs can manipulate. Like DTDs, schemas are used by validating parsers to validate documents.
We use the term XML Schema whenever we refer to W3C's XML Schema vocabulary.

A DTD describes an XML document's structure, not the content of its elements. For example,

<quantity>5</quantity>
contains character data. If the document that contains element quantity  references a DTD, an XML parser can validate the document to confirm that this element indeed does contain PCDATA content. 
However, the parser cannot validate that the content is numeric; DTDs do not provide this capability. So, unfortunately, the parser also considers
<quantity>hello</quantity>
to be valid.

XML Schema enables schema authors to specify that element quantity's data must be numeric or, even more specifically, an integer. 
A parser validating the XML document against this schema can determine that 5 conforms and hello does not. 
An XML document that conforms to a schema document is schema valid, and one that does not conform is schema invalid. 
Validating Against an XML Schema Document

Figure 19.11 shows a schema-valid XML document named book.xml, and Fig. 19.12 shows the pertinent XML Schema document (book.xsd) that defines the structure for book.xml. 
By convention, schemas use the .xsd extension. We used an online XSD schema validator provided by Microsoft at

apps.gotdotnet.com/xmltools/xsdvalidator
to ensure that the XML document in Fig. 19.11 conforms to the schema in Fig. 19.12. 
To validate the schema document itself (i.e., book.xsd) and produce the output shown in Fig. 19.12, we used an online XSV (XML Schema Validator) provided by the W3C at

www.w3.org/2001/03/webdata/xsv
Figure 19.11. Schema-valid XML document describing a list of books.

	 1 <?xml version = "1.0"?>
 2 <!-- Fig. 19.11: book.xml -->
 3 <!-- Book list marked up as XML -->
 4
 5 <deitel:books xmlns:deitel = "http://www.deitel.com/booklist">
 6    <book>
 7       <title>Visual Basic 2005 How to Program, 3/e</title>
 8    </book>
 9
10    <book>
11       <title>Visual C# 2005 How to Program</title>
12    </book>
13
14    <book>
15       <title>Java How to Program, 6/e</title>
16    </book>
17
18    <book>
19       <title>C++ How to Program, 5/e</title>
20    </book>
21
22    <book>
23       <title>Internet and World Wide Web How to Program, 3/e</title>
24    </book>
25 </deitel:books>
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Figure 19.12. XML Schema document for book .xml.

	 1 <?xml version = "1.0"?>
 2 <!-- Fig. 19.12: book.xsd -->
 3 <!-- Simple W3C XML Schema document -->
 4
 5 <schema xmlns = "http://www.w3.org/2001/XMLSchema"    
 6    xmlns:deitel = "http://www.deitel.com/booklist"    
 7    targetNamespace = "http://www.deitel.com/booklist">
 8
 9    <element name = "books" type = "deitel:BooksType"/>
10
11    <complexType name = "BooksType">
12       <sequence>
13          <element name = "book" type = "deitel:SingleBookType"
14             minOccurs = "1" maxOccurs = "unbounded"/>         
15       </sequence>
16    </complexType>
17
18    <complexType name = "SingleBookType">
19       <sequence>
20          <element name = "title" type = "string"/>
21       </sequence>
22    </complexType>
23 </schema>
[View full size image]
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The books element (line 5) has the namespace prefix deitel, indicating that the books element is a part of the http://www.deitel.com/booklist namespace.
Creating an XML Schema Document

The schema defines the elements, attributes and parent-child relationships that such a document can (or must) include. The schema also specifies the type of data that these elements and attributes may contain.
Root element schema (Fig. 19.12, lines 5-23) contains elements that define the structure of an XML document such as book.xml. 
Line 5 specifies as the default namespace the standard W3C XML Schema namespace URIhttp://www.w3.org/2001/XMLSchema. This namespace contains predefined elements (e.g., root element schema) that comprise the XML Schema vocabulary the language used to write an XML Schema document.
Line 6 binds the URI http://www.deitel.com/booklist to namespace prefix deitel.
Line 7 also specifies http://www.deitel.com/booklist as the targetNamespace of the schema. This attribute identifies the namespace of the XML vocabulary that this schema defines. 
Note that the targetNamespace of book.xsd is the same as the namespace referenced in line 5 of book.xml (Fig. 19.11). This is what "connects" the XML document with the schema that defines its structure. 
When an XML schema validator examines book.xml and book.xsd, it will recognize that book.xml uses elements and attributes from the http://www.deitel.com/booklist namespace. 
The validator also will recognize that this namespace is the namespace defined in book.xsd (i.e., the schema's targetNamespace). Thus the validator knows where to look for the structural rules for the elements and attributes used in book.xml.

Defining an Element in XML Schema

In XML Schema, the element tag (line 9) defines an element to be included in an XML document that conforms to the schema. In other words, element specifies the actual elements that can be used to mark up data. 
Line 9 defines the books element, which we use as the root element in book.xml (Fig. 19.11). 
Attributes name and type specify the element's name and data type, respectively. 
An element's data type indicates the data that the element may contain. Possible data types include XML Schema defined types (e.g., string, double) and user-defined types (e.g., BooksType, which is defined in lines 11-16). 
	Figure 19.13. Some XML Schema data types.
(This item is displayed on page 951 in the print version)

	XML Schema Data Type(s)
	Description
	Ranges or Structures
	Examples

	string
	A character string.
	 
	"hello"

	boolean
	True or false.
	TRue, false
	true

	decimal
	A decimal numeral.
	i * (10n), where i is an integer and n is an integer that is less than or equal to zero.
	5, -12, -45.78

	float
	A floating-point number.
	m * (2e), where m is an integer whose absolute value is less than 224 and e is an integer in the range -149 to 104. Plus three additional numbers: positive infinity, negative infinity and not-a-number (NaN).
	0, 12, -109.375, NaN

	double
	A floating-point number.
	m * (2e), where m is an integer whose absolute value is less than 253 and e is an integer in the range -1075 to 970. Plus three additional numbers: positive infinity, negative infinity and not-a-number (NaN).
	0, 12, -109.375, NaN

	long
	A whole number.
	-9223372036854775808 to9223372036854775807, inclusive
	1234567890, -1234567890

	int
	A whole number.
	-2147483648 to 2147483647, inclusive
	1234567890, -1234567890

	short
	A whole number.
	-32768 to 32767, inclusive
	12, -345

	date
	A date consisting of a year, month and day.
	yyyy-mm with an optional dd and an optional time zone, where yyyy is four digits long and mm and dd are two digits long.
	2005-05-10

	time
	A time consisting of hours, minutes and seconds.
	hh:mm:ss with an optional time zone, where hh, mm and ss are two digits long.
	16:30:25-05:00


In this example, books is defined as an element of data type  deitel:BooksType (line 9). 
BooksType is a user-defined type (lines 11-16) in the  http://www.deitel.com/booklist namespace and therefore must have the namespace prefix deitel. It is not an existing XML Schema data type.
Two categories of data type exist in XML Schema simple types and complex types. Simple and complex types differ only in that simple types cannot contain attributes or child elements and complex types can.

A user-defined type that contains attributes or child elements must be defined as a complex type.  

Lines 11-16 use element complexType to define BooksType as a complex type that has a child element named book. 
The sequence element (lines 12-15) allows you to specify the sequential order in which child elements must appear. 
The element (lines 13-14) nested within the complexType element indicates that a BooksType element (e.g., books) can contain child elements named book of type deitel:SingleBookType (defined in lines 18-22). 
Attribute minOccurs (line 14), with value 1, specifies that elements of type BooksType must contain a minimum of one book element. 
Attribute maxOccurs (line 14), with value unbounded, specifies that elements of type BooksType may have any number of book child elements.

Lines 18-22 define the complex type SingleBookType. An element of this type contains a child element named title. 
Line 20 defines element title to be of simple type string. Recall that elements of a simple type cannot contain attributes or child elements. 
The schema end tag (</schema>, line 23) declares the end of the XML Schema document.
19.7. Extensible Stylesheet Language and XSL Transformations

Extensible Stylesheet Language (XSL) documents specify how programs are to render XML document data. XSL is a group of three technologies XSL-FO (XSL Formatting Objects), XPath (XML Path Language) and XSLT (XSL Transformations). 

XSL-FO is a vocabulary for specifying formatting, and XPath is used by XML for locating structures and data (such as specific elements and attributes) in XML documents.

The third portion of XSL is XSL Transformations (XSLT) is a technology for transforming the structure of the XML document data to another structure.
For example, XSLT allows you to convert a simple XML document to an XHTML (Extensible Hyper Text Markup Language) document that presents the XML document's data (or a subset of the data) formatted for display in a Web browser. 

Transforming an XML document using XSLT involves two tree structures the source tree (i.e., the XML document to be transformed) and the result tree (i.e., the XML document to be created). 

XPath is used to locate parts of the source tree document that match templates defined in an XSL style sheet. 

When a match occurs (i.e., a node matches a template), the matching template executes and adds its result to the result tree. When there are no more matches, XSLT has transformed the source tree into the result tree. 

The XSLT does not analyze every node of the source tree; it selectively navigates the source tree using XPath's select and match attributes. For XSLT to function, the source tree must be properly structured. 
A Simple XSL Example

Figure 19.16. XML document that describes various sports.

	 1 <?xml version = "1.0"?>
 2 <?xml:stylesheet type = "text/xsl" href = "sports.xsl"?>
 3
 4 <!-- Fig. 19.16: sports.xml -->
 5 <!-- Sports Database -->
 6
 7 <sports>
 8    <game id = "783">
 9       <name>Cricket</name>
10
11       <paragraph>
12          More popular among commonwealth nations.

13       </paragraph>
14    </game>
15
16    <game id = "239">
17       <name>Baseball</name>
18
19       <paragraph>
20          More popular in America.

21       </paragraph>
22    </game>
23
24    <game id = "418">
25       <name>Soccer (Futbol)</name>
26
27       <paragraph>
28          Most popular sport in the world.

29       </paragraph>
30    </game>
31 </sports>
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Figure 19.16 lists an XML document that describes various sports. The output shows the result of the transformation (specified in the XSLT template of Fig. 19.17) rendered by Internet Explorer 6.

Figure 19.17. XSLT that creates elements and attributes in an XHTML document. 

	1 <?xml version = "1.0"?>
 2 <!-- Fig. 19.17: sports.xsl -->
 3 <!-- A simple XSLT transformation -->
 4
 5 <!-- reference XSL style sheet URI -->
 6 <xsl:stylesheet version = "1.0"                       
 7    xmlns:xsl = "http://www.w3.org/1999/XSL/Transform">
 8
 9    <xsl:output method = "xml" omit-xml-declaration = "no"    
10       doctype-system =                                       
11          "http://www.w3c.org/TR/xhtml1/DTD/xhtml1-strict.dtd"
12       doctype-public = "-//W3C//DTD XHTML 1.0 Strict//EN"/>  
13
14    <xsl:template match = "/"> <!-- match root element -->
15
16    <html xmlns = "http://www.w3.org/1999/xhtml">
17       <head>
18          <title>Sports</title>
19       </head>
20
21       <body>
22          <table border = "1" bgcolor = "wheat">
23             <thead>
24                <tr>
25                   <th>ID</th>
26                   <th>Sport</th>
27                   <th>Information</th>
28                </tr>
29             </thead>
30
31       <!-- insert each name and paragraph element value -->
32             <!-- into a table row. -->
33             <xsl:for-each select = "/sports/game">
34                <tr>
35                   <td><xsl:value-of select = "@id"/></td>      
36                   <td><xsl:value-of select = "name"/></td>     
37               <td><xsl:value-of select = "paragraph"/></td>
38                </tr>
39             </xsl:for-each>
40          </table>
41       </body>
42    </html>
43
44    </xsl:template>
45 </xsl:stylesheet>



To perform transformations, an XSLT processor is required. The XML document shown in Fig. 19.16 is transformed into an XHTML document by MSXML when the document is loaded in Internet Explorer. MSXML is both an XML parser and an XSLT processor.

Line 2 (Fig. 19.16) is a processing instruction (PI) that references the XSL style sheet sports.xsl (Fig. 19.17), the processing instruction specifies the location of an XSLT document with which to transform the XML document. 
(line 2, Fig. 19.16) consists of a PI target (e.g., xml:stylesheet) and a PI value (e.g., type = "text/xsl" href = "sports.xsl"). The PI value's type attribute specifies that sports.xsl is a text/xsl file (i.e., a text file containing XSL content). The href attribute specifies the name and location of the style sheet to apply in this case, sports.xsl in the current directory.

Figure 19.17 shows the XSL document for transforming the structured data of the XML document of Fig. 19.16 into an XHTML document for presentation. By convention, XSL documents have the filename extension .xsl.

Lines 6-7 begin the XSL style sheet with the stylesheet start tag. Attribute version specifies the XSLT version to which this document conforms. Line 7 binds namespace prefix xsl to the W3C's XSLT URI (i.e., http://www.w3.org/1999/XSL/Transform).

Lines 9-12 use element xsl:output to write an XHTML document type declaration (DOCTYPE) to the result tree (i.e., the XML document to be created). The DOCTYPE identifies XHTML as the type of the resulting document. Attribute method is assigned "xml", which indicates that XML is being output to the result tree. (Recall that XHTML is a type of XML.) 
Attribute omit-xml-declaration specifies whether the transformation should write the XML declaration to the result tree. In this case, we do not want to omit the XML declaration, so we assign to this attribute the value "no". Attributes doctype-system and doctype-public write the DOCTYPE DTD information to the result tree.
XSLT uses templates (i.e., xsl:template elements) to describe how to transform particular nodes from the source tree to the result tree. A template is applied to nodes that are specified in the required match attribute. 
Line 14 uses the match attribute to select the document root (i.e., the conceptual part of the document that contains the root element and everything below it) of the XML source document (i.e., sports.xml). 
The XPath character / always selects the document root. Recall that XPath is a string-based language used to locate parts of an XML document easily. 
In XPath, a leading forward slash specifies that we are using absolute addressing (i.e., we are starting from the root and defining paths down the source tree). In the XML document of Fig. 19.16, the child nodes of the document root are the two processing instruction nodes (lines 1-2), the two comment nodes (lines 4-5) and the sports element node (lines 7-31). The template in Fig. 19.17, line 14, matches a node (i.e., the root node), so the contents of the template are now added to the result tree.

The MSXML processor writes the XHTML in lines 16-29 (Fig. 19.17) to the result tree exactly as it appears in the XSL document. Now the result tree consists of the DOCTYPE definition and the XHTML code from lines 16-29. 
Lines 33-39 use element xsl:foreach to iterate through the source XML document, searching for game elements. The xsl:for-each element is similar to C#'s foreach statement. 
Attribute select is an XPath expression that specifies the nodes (called the node set) on which the xsl:for-each operates. Again, the first forward slash means that we are using absolute addressing. The forward slash between sports and game indicates that game is a child node of sports. Thus, the xsl:for-each finds game nodes that are children of the sports node. 
The XML document sports.xml contains only one sports node, which is also the document root node. After finding the elements that match the selection criteria, the xsl:for-each processes each element with the code in lines 34-38 (these lines produce one row in a table each time they execute) and places the result of lines 34-38 in the result tree.

Line 35 uses element value-of to retrieve attribute id's value and place it in a td element in the result tree. The XPath symbol @ specifies that id is an attribute node of the context node game. 
Lines 36-37 place the name and paragraph element values in TD elements and insert them in the result tree. When an XPath expression has no beginning forward slash, the expression uses relative addressing. Omitting the beginning forward slash tells the xsl:value-of select statements to search for name and paragraph elements that are children of the context node, not the root node. 
Due to the last XPath expression selection, the current context node is game, which indeed has an id attribute, a name child element and a paragraph child element.

Summary of XSL Style Sheet Elements

Figure 19.20 lists commonly used XSL elements. 

	Figure 19.20. XSL style sheet elements.
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	Element
	Description

	<xsl:apply-templates>
	Applies the templates of the XSL document to the children of the current node.

	<xsl:apply-templates

   match = "expression">


	Applies the templates of the XSL document to the children of expression. The value of the attribute match (i.e., expression) must be an XPath expression that specifies elements.

	<xsl:template>
	Contains rules to apply when a specified node is matched.

	<xsl:value-of select =

   "expression">


	Selects the value of an XML element and adds it to the output tree of the transformation. The required select attribute contains an XPath expression.

	<xsl:for-each select =

   "expression">


	Applies a template to every node selected by the XPath specified by the select attribute.

	<xsl:sort select =

   "expression">


	Used as a child element of an <xsl:apply-templates> or <xsl:for-each> element. Sorts the nodes selected by the <xsl:apply-template> or <xsl:for-each> element so that the nodes are processed in sorted order.

	<xsl:output>
	Has various attributes to define the format (e.g., XML, XHTML), version (e.g., 1.0, 2.0), document type and media type of the output document. This tag is a top-level elementit can be used only as a child element of an xml:stylesheet.

	<xsl:copy>
	Adds the current node to the output tree.


19.8. Document Object Model (DOM)

Upon successfully parsing a document, some XML parsers store document data as tree structures in memory. Figure 19.21 illustrates the tree structure for the root element of the document article.xml discussed in Fig. 19.2. This hierarchical tree structure is called a Document Object Model (DOM) tree, and an XML parser that creates this type of structure is known as a DOM parser. 
Each element name (e.g., article, date, firstName) is represented by a node. A node that contains other nodes (called child nodes or children) is called a parent node (e.g., author). A parent node can have many children, but a child node can have only one parent node. Nodes that are peers (e.g., firstName and lastName) are called sibling nodes. A node's descendant nodes include its children, its children's children and so on. A node's ancestor nodes include its parent, its parent's parent and so on.

Figure 19.21. Tree structure for the document article.xml of Fig. 19.2. 
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The DOM tree has a single root node, which contains all the other nodes in the document. For example, the root node of the DOM tree that represents article.xml (Fig. 19.2) contains a node for the XML declaration (line 1), two nodes for the comments (lines 23) and a node for the XML document's root element article (line 5).

Classes for creating, reading and manipulating XML documents are located in the C# namespace System.Xml. This namespace also contains additional namespaces that provide other XML-related operations.

Reading an XML Document with an XmlReader
In this section, we present several examples that use DOM trees. Our first example, the program in Fig. 19.22, loads the XML document presented in Fig. 19.2 and displays its data in a text box. This example uses class XmlReader to iterate through each node in the XML document.

Figure 19.22. XmlReader iterating through an XML document.

	 1 // Fig. 19.22: XmlReaderTest.cs
 2 // Reading an XML document.
 3 using System;

 4 using System.Windows.Forms;

 5 using System.Xml;
 6
 7 namespace XmlReaderTest

 8 {

 9    public partial class XmlReaderTestForm : Form

10    {
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11       public XmlReaderTestForm()

12       {

13          InitializeComponent();

14       } // end constructor
15
16       // read XML document and display its content
17       private void XmlReaderTestForm_Load( object sender, EventArgs e )

18       {

19          // create the XmlReader object                                 
20          XmlReaderSettings settings = new XmlReaderSettings();          
21          XmlReader reader = XmlReader.Create( "article.xml", settings );
22
23          int depth = -1; // tree depth is -1, no indentation
24
25          while ( reader.Read() ) // display each node's content
26          {

27             switch ( reader.NodeType )
28             {

29                case XmlNodeType.Element: // XML Element, display its name
30                   depth++; // increase tab depth
31                   TabOutput( depth ); // insert tabs
32                   OutputTextBox.Text += "<" + reader.Name + ">\r\n";

33
34                   // if empty element, decrease depth
35                   if ( reader.IsEmptyElement )

36                      depth--;

37                   break;

38                case XmlNodeType.Comment: // XML Comment, display it
39                   TabOutput( depth ); // insert tabs
40                   OutputTextBox.Text += "<!--" + reader.Value + "-->\r\n";

41                   break;

42                case XmlNodeType.Text: // XML Text, display it
43                   TabOutput( depth ); // insert tabs
44                   OutputTextBox.Text += "\t" + reader.Value + "\r\n";

45                   break;

46
47                // XML XMLDeclaration, display it
48                case XmlNodeType.XmlDeclaration: 
49                   TabOutput( depth ); // insert tabs
50                   OutputTextBox.Text += "<?" + reader.Name + " " +

51                      reader.Value + "?>\n";

52                   break;

53                case XmlNodeType.EndElement: // XML EndElement, display it
54                   TabOutput( depth ); // insert tabs
55                   OutputTextBox.Text += "</" + reader.Name + ">\r\n";

56                   depth--; // decrement depth
57                   break;

58             } // end switch
59          } // end while
60       } // end method XmlReaderTextForm_Load
61
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62       // insert tabs
63       private void TabOutput( int number )

64       {

65          for ( int i = 0; i < number; i++ )

66             OutputTextBox.Text += "\t";

67       } // end method TabOutput
68    } // end class XmlReaderTestForm
69 } // end namespace XmlReaderTest
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<2xml version = "1.0"2>
Fig. 15.2: arvicle.xml
Article structured with XML -->
<arcicle>
<title>

Simple XML
</title>
<date>

May 5,
</date>
<author>

2008

<firstName>
John
</£irstName>
<lastName>
Doe
</lasthame>
</author>
<summary>
XML is presty easy.
</summary>
<content>
In this chapter,
</content>
</arvicles

we present a wide va;







Line 5 is a using declaration for the System.Xml namespace, which contains the XML classes used in this example. Class XmlReader is an abstract class that defines the interface for reading XML documents. We cannot create an XmlReader object directly. Instead, we must invoke XmlReader's static method Create to obtain an XmlReader reference (line 21). Before doing so, however, we must prepare an XmlReaderSettings object that specifies how we would like the XmlReader to behave (line 20). In this example, we use the default settings of the properties of an XmlReaderSettings object. Later, you will learn how to set certain properties of the XmlReaderSettings class to instruct the XmlReader to perform validation, which it does not do by default. The static method Create receives as arguments the name of the XML document to read and an XmlReaderSettings object. In this example the XML document article.xml (Fig. 19.2) is opened when method Create is invoked in line 21. Once the XmlReader is created, the XML document's contents can be read programmatically.

Method Read of XmlReader reads one node from the DOM tree. By calling this method in the while loop condition (line 27), reader Reads all the document nodes. The switch statement (lines 2758) processes each node. Either the Name property (lines 32, 50 and 55), which contains the node's name, or the Value property (lines 40 and 44), which contains the node's data, is formatted and concatenated to the string assigned to the TextBox's Text property. The XmlReader's NodeType property specifies whether the node is an element, comment, text, XML declaration or end element. Note that each case specifies a node type using XmlNodeType enumeration constants. For example, XmlNodeType.Element (line 31) indicates the start tag of an element.

The displayed output emphasizes the structure of the XML document. Variable depth (line 23) maintains the number of tab characters to indent each element. The depth is incremented each time the program encounters an Element and is decremented each time the program encounters an EndElement or empty element. We use a similar technique in the next example to emphasize the tree structure of the XML document being displayed.
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