Scripting Lecture notes -- XML Schemas



Schemas Vs DTDs

1. DTDs are good for specifying the structure of an XML document. They should be primarily used with files that are primarily text.

2. Schemas are good for specifying the organization of XML documents that contain a great deal of specifically typed data

1. Schemas are very verbose and seem to be oriented toward business programmers. Types can be restricted using regular expressions, or using very Cobol-like syntax. With the Cobol-like syntax, it takes a large number of statements to specify relatively simple types.

2. Schemas can be used with a validator , like xmllint, to type check a file, thus obviating the necessity of doing it in your program

3. Unlike DTD files, Schema files are themselves an XML file

One drawback of Schemas is that they do not allow entities to be easily declared and entities are restricted to being used as attribute values.
Understanding Schema Headers

Unlike DTDs, Schemas must always be external to the XML file. Both the schema and the xml file start with fairly complicated looking syntax. Here's a breakdown of what that syntax means:

1. Here's a sample header from the books2.xsd schema file:

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

3. <xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema" 

4. 
   targetNamespace="http://www.wiley.com"

5. 
   xmlns="http://www.wiley.com"

6.            elementFormDefault="qualified">

Here's what each line means:

1. The xml element is the standard one that starts all xml files

2. The xs:schema element indicates that the schema is the root element for this file. The xs prefix indicates that the schema can be found in the xs namespace

3. xmlns:xs="http://www.w3.org/2001/XMLSchema": indicates that the elements and data types used in the schema come from the "http://www.w3.org/2001/XMLSchema" namespace.

1. It also specifies that the elements and data types that come from the "http://www.w3.org/2001/XMLSchema" namespace should be prefixed with xs.

2. The namespace should be specified exactly as above since the browser associates a schema file with this particular name (it's a system file)

4. targetNamespace="http://www.wiley.com": The namespace we are creating. The elements we are defining will be placed in this namespace. By convention, the namespace prefix will be your company's URL. Often times the namespace will actually be a valid URL that contains a document that describes the namespace. For example, "http://www.w3.org/2001/XMLSchema" contains a document that explains the elements of an XML schema.

5. xmlns="http://www.wiley.com": The name of the default namespace. If an element is not prefixed with anything, it is assumed to belong to this namespace

6. elementFormDefault="qualified": Indicates that any element declared in this namespace must be namespace qualified, although if we declare the namespace to be the default namespace, no qualifier will be necessary

7. Here's a sample header from the books2.xml file:

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

9. <books xmlns="http://www.wiley.com"

10. xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance"

11. xsi:schemaLocation="http://www.wiley.com books2.xsd">

Here's how each line is interpreted:

1. The xml tag is the standard beginning of any xml file

2. The books tag indicates that books is the root element

3. xmlns="http://www.wiley.com": indicates that the default namespace is "http://www.wiley.com".

4. xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance": Makes the XML Schema Instance namespace available. Once again you must specify the namespace exactly as shown here, so that the browser can locate the appropriate system defined schema file for this namespace.

5. xsi:schemaLocation="http://www.wiley.com books2.xsd">: With the xsi namespace declared, you can now use the schemaLocation attribute to tell the browser where to find the schema file for the "http://www.wiley.com" namespace. Note that the string takes two distinct values, the name of the namespace and then the URL for the XML schema to use for that namespace.



Defining Elements

Elements are defined using content models. A content model defines the type of content that can be contained in an element. The four content models for XML schema elements are:

1. text: contains text only, but the text may be typed.

2. element: contains child elements

3. mixed: contains elements and text

4. empty: contains no content

An element with the first type of model is called a simple element. An element with any other type of model, or with both text and attributes, is called a complex element.


XML Types

· XML defines a type hierarchy that starts with the root element anyType. 
· From this root element are derived complex types and simple types.
·  Simple types are textual data that are constrained in some way, such as to be a Boolean value or an integer. 
· XML provides a wide variety of simple types, which are described further in the next section. 
· Complex types allow you to specify aggregate types that consist of sub-elements, as well as elements that contain attributes.



Simple Types

Simple elements can be associated with a simple type as follows:

<xs:element name="lastname" type="xs:string"/>

<xs:element name="age" type="xs:integer"/>

<xs:element name="startDate" type="xs:date"/>
XML defines a large number of simple types, which you can find here. Before deriving your own type, check here first. For example, there is a standard date type, so you should use that one in preference to a custom one.
You can also derive types by using restrictions or extensions and introducing the new type with the element xs:simpleType. Restrictions on types are called facets. You almost always will use restrictions when deriving types. Extensions are typically used in the context of associating attributes with simple types. Occasionally you might use an extension to add enumerated values to a previously enumerated string type or additional children elements to a complex type. An example of using extensions to add an attribute to a simple type is shown later in the notes.

Here is an example that limits a string to one of two enumerated values:

<xs:simpleType name="BookType">

  <xs:restriction base="xs:string">

    <xs:enumeration value="Fiction"/>

    <xs:enumeration value="Nonfiction"/>

  </xs:restriction>

</xs:simpleType>

Notice that you can name a type, so that it can be used in multiple places. You can create either anonymous, "inline" types, or external, named types. Here is an example of an inline, anonymous type:
<xs:element name="age">

  <xs:simpleType>

    <xs:restriction base="xs:integer">

      <xs:minInclusive value="0"/>

      <xs:maxInclusive value="120"/>

    </xs:restriction>

  </xs:simpleType>

</xs:element>

Here are some of the common restrictions that one employs on integers, floats, decimals and strings (decimals are arbitrary precision numbers, while floats are supposed to conform to IEEE's floating point standard--decimal numbers are equivalent to Cobol's packed decimal numbers).
	Restriction
	Explanation
	string
	integer
	float
	decimal

	length
	String must be exactly this number of chars
	x
	 
	 
	 

	minLength
	Minimum number of chars in string
	x
	 
	 
	 

	maxLength
	Maximum number of chars in string
	x
	 
	 
	 

	pattern
	Perl style regular expression
	x
	x
	x
	x

	enumeration
	Constrains the value space to a specified set of values
	x
	x
	x
	x

	minInclusive
	Minimum possible value for a number, including the specified number
	 
	x
	x
	x

	maxInclusive
	Maximum possible value for a number, including the specified number
	 
	x
	x
	x

	minExclusive
	Minimum possible value for a number, excluding the specified number
	 
	x
	x
	x

	maxInclusive
	Maximum possible value for a number, excluding the specified number
	 
	x
	x
	x

	totalDigits
	Maximum number of digits in the number
	 
	x
	x
	x

	fractionDigits
	Maximum number of fractional digits in the number
	 
	 
	 
	x


A complete list of restrictions can be found here in Section 10 (Constraining Facets) and a table showing which restrictions can be used with which simple types can be found in Section 11. Some more examples can be found in books2.xsd.



Attributes

Attributes are introduced just like elements, with a name and a type. For example:
<xs:attribute name="productId" type="xs:integer" default="10"/>

<xs:attribute name="contentType" use="required">

  <xs:simpleType>

    <xs:restriction base="xs:string">

      <xs:enumeration value="Fiction"/>

      <xs:enumeration value="Nonfiction"/>

    </xs:restriction>

  </xs:simpleType>

</xs:attribute>

Attributes may have three attribute values associated with them, which determine their initial value:
1. default="value": optional attribute that will be given the default value if the user does not provide one

2. fixed="value": a fixed value that is given to the attribute and that cannot be changed by the user.

3. use="required": an attribute whose value must be provided by the user.

Complex Types

Complex types are divided into two groups: those with simple content and those with complex content. Simple content is used when you want to have an element with a simple type and attributes. Complex content is used when you want your element to have child elements. Of course complex content is also allowed to have attributes.

xs:simpleContent
While you typically use restrictions to derive new simple types, you typically use extensions to derive new types based on simpleContent. The reason is that you use an extension to add attributes to simple types. Here is an example where I take the age that I defined earlier and associate it with an element named antique that has an attribute named quality:

<xs:simpleType name="antique_age">

    <xs:restriction base="xs:integer">

      <xs:minInclusive value="30"/>

    </xs:restriction>

</xs:simpleType>

<xs:element name="antique">

  <xs:complexType>

    <xs:simpleContent>

      <xs:extension base="antique_age">

        <xs:attribute name="quality" type="xs:string">

      </xs:extension>

    </xs:simpleContent>

  </xs:complexType>

</xs:element>
Note how the type is introduced with the tag xs:complexType.
xs:complexContent

If I want my type to contain children elements, then I need to use xs:complexContent. This tag allows me to use one of three compositor elements to specify the structure of the tag:

1. sequence: indicates that the elements must occur in the specified order

2. choice: indicates that any one of the elements may occur

3. all: indicates that any or all of the elements may occur, and in any order

Within each of these compositor tags, you list the elements that may occur. For brevity, you may omit the xs:complexContent tag when it appears inside a xs:complexType tag, because content that appears inside such a tag is assumed by default to be complexContent. For example:
<xs:complexType name="bookType">

  <xs:sequence>

    <xs:element ref="title"/>

    <xs:element ref="author"/>

    <xs:element ref="publisher"/>

    <xs:element ref="price"/>

    <xs:element ref="isbn"/>

  </xs:sequence>

</xs:complexType>

or
<xs:complexType>

  <xs:sequence>

    <xs:element name="lastname" type="xs:string"/>

    <xs:choice>

      <xs:element ref="spouse">

      <xs:element ref="child">

      <xs:element ref="sibling">

    </xs:choice>

  </xs:sequence>

</xs:complexType>

Notice the use of ref rather than a name/type pair. The ref attribute must have a value equal to the value of a named element that is defined either earlier or later in the document (i.e., the element's name element must be the same as the ref attribute's value).
Additionally, you can specify the number of occurrences of an element or whether mixed content is allowed with the following attributes:

1. minOccurs, maxOccurs: the minimum or maximum number of times an element may occur. Use "unbounded" for an unbounded number of times. If you want something to occur an exact number of times, you must use minOccurs and maxOccurs, providing both with the same value. For example:

2. <xs:choice minOccurs="1" maxOccurs="10">

3.   <xs:element ref="spouse">

4.   <xs:element ref="child">

5.   <xs:element ref="sibling">

6. </xs:choice>

7. mixed="true": specifies that both children elements and text are allowed. For example, if I want to define a question type in which I could embed a points element as well as a statement of the problem, I might write:

8. <xs:complexType name="question">

9.   <xs:sequence mixed="true">

10.     <xs:element name="pts" value="xs:integer"/>

11.   </xs:sequence>

12. </xs:complexType>

If I want to include attributes with complex types, they must be listed after the compositor element. For example:

<xs:complexType name="bookType">

  <xs:sequence>

    <xs:element ref="title"/>

    <xs:element ref="author"/>

    <xs:element ref="publisher"/>

    <xs:element ref="price"/>

    <xs:element ref="isbn"/>

  </xs:sequence>

  <xs:attribute name="contentType" use="required">

    <xs:simpleType>

      <xs:restriction base="xs:string">


<xs:enumeration value="Fiction"/>


<xs:enumeration value="Nonfiction"/>

      </xs:restriction>

    </xs:simpleType>

  </xs:attribute>



Empty Elements

Empty elements may be specified with or without attribute values, but they require complexTypes. Here's one with and without attribute values:

<xs:element name="hr">

  <xs:complexType>

    <xs:attribute name="width" value="xs:integer"/>

    <xs:attribute name="style">

      <xs:simpleType>


<xs:restriction base="xs:string">


  <xs:enumeration value="solid"/>


  <xs:enumeration value="dashed"/>


  <xs:enumeration value="dotted"/>


</xs:restriction>

      </xs:simpleType>

    </xs:attribute>

  </xs:complexType>

</xs:element>

<xs:element name="br">

  <xs:complexType/>

</xs:element>

books2.xsd
<xs:schema xmlns:xs="http://www.w3.org/2001/XMLSchema"  xmlns="http://www.wiley.com"                      targetNamespace="http://www.wiley.com"              elementFormDefault="qualified">

<xs:element name="books">

<xs:complexType>

<xs:sequence maxOccurs="unbounded">

<xs:element name="book" type="bookType"/>

</xs:sequence>

</xs:complexType>

</xs:element>

<xs:complexType name="bookType">

<xs:sequence>

<xs:element ref="title"/>

<xs:element ref="author"/>

<xs:element ref="publisher"/>

<xs:element ref="price"/>

<xs:element ref="isbn"/>

</xs:sequence>

<xs:attribute name="contentType" use="required">

<xs:simpleType>

<xs:restriction base="xs:string">

<xs:enumeration value="Fiction"/>

<xs:enumeration value="Nonfiction"/>

</xs:restriction>

</xs:simpleType>

</xs:attribute>

<xs:attribute name="format" use="required">

<xs:simpleType>

<xs:restriction base="xs:string">

<xs:enumeration value="Hardback"/>

<xs:enumeration value="Paperback"/>

</xs:restriction>

</xs:simpleType>

</xs:attribute>

</xs:complexType>

<xs:element name="title" type="xs:string"/>

<xs:element name="author" type="xs:string"/>

<xs:element name="publisher" type="xs:string"/>

<xs:element name="price">

<xs:simpleType>

<xs:restriction base="xs:string">

<xs:pattern value="$\d{1,4}\.\d{2}"/>

</xs:restriction>

</xs:simpleType>

</xs:element>

<xs:element name="isbn">

<xs:simpleType>

<xs:restriction base="xs:string">

<xs:pattern value="[0-1][0-9]{9}"/>

</xs:restriction>

</xs:simpleType>

</xs:element>

</xs:schema>

books2.xml
<?xml version="1.0" encoding="UTF-8"?>

<books xmlns="http://www.wiley.com" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance" xsi:schemaLocation="http://www.wiley.com books2.xsd">

<book contentType="Fiction" format="Hardback">

<title>The Da Vinci Code</title>

<author>Brown, Dan</author>

<publisher>Doubleday</publisher>

<price>$24.95</price>

<isbn>1385504209</isbn>

</book>

<book contentType="Fiction" format="Hardback">

<title>State of Fear</title>

<author>Crichton, Michael</author>

<publisher>HarperCollins</publisher>

<price>$27.95</price>

<isbn>0786868716</isbn>

</book>

<book contentType="Fiction" format="Hardback">

<title>Night Fall</title>

<author>Demille, Nelson</author>

<publisher>Warner</publisher>

<price>$26.95</price>

<isbn>0446576638</isbn>

</book>

</books>

https://users.dimi.uniud.it/~massimo.franceschet/caffe-xml/xschema/xschema-complexTypes.html
A complex type describes text that may contain markup in the form of elements and attributes. A complex type can be assigned to elements but not to attributes, whose type is always simple.

The definition of complex types may contain declarations for elements and attributes or references to those declarations. If a complex type defines both element and attribute declarations, then the attribute declarations must follow the element ones. An element declaration has the following form:

<xs:element name="elementName" type="elementType"/>

where elementName is a name for the element and elementType is either a simple or a complex type. It is common to declare an element once and then refer to it inside a type definition as follows:

<xs:element ref="elementReference"/>

where elementReference is the name of an element declared elsewhere. The element element has optional attributes minOccurs and maxOccurs that indicate the minimum and maximum number of times the element must repeat. The default value for both attributes is 1. The attribute maxOccurs can be set to unbounded to repeat the element indefinitely. For instance, by setting minOccurs to 0 the corresponding element becomes optional.

An attribute declaration has the following form:
<xs:attribute name="attributeName" type="attributeType"/>

where attributeName is a name for the attribute and attributeType is a simple type. As for elements, it is common to declare an attribute once and then to refer to it as follows:

<xs:attribute ref="attributeReference"/>

where attributeReference is the name of an attribute declared elsewhere. The attribute element has an optional attribute use whose values are optional (default) and required with the obvious meaning.

Element and attribute declarations can be used to build complex types. The simplest example of a complex type is the empty type that describes an element with no content and no attributes:

<xs:complexType name="emptyType"/>

A slightly more complicated example is that of an element with empty content but having attributes. Here is an example:

<xs:complexType name="bookType">

  <xs:attribute name="price" type="xs:decimal"/>

</xs:complexType>

The type bookType describes an element with empty content and a single attribute price of type decimal.

Increasing the complexity, we may have an element with simple content (character data with no markup) and attributes. The syntax to describe this case is somewhat complicated:

<xs:complexType name="bookType">

  <xs:simpleContent>

    <xs:extension base="xs:string">

      <xs:attribute name="price" type="xs:decimal"/>

    </xs:extension>

  </xs:simpleContent>

</xs:complexType>

The defined type is an extension of the primitive type string by adding an attribute price of type decimal.

Now that we have solved the base cases, we can move to the structured ones, that is complex types that define elements containing subelements and possibly attributes as well. We can build complex types using the following constructors:

sequence
The sequence element defines a sequence of elements that must appear in the instance document in the order they are listed. An example follows:

<xs:element name="street" type="xs:string"/>

<xs:element name="number" type="xs:integer"/>

<xs:element name="city" type="xs:string"/>

<xs:element name="state" type="xs:string"/>

<xs:element name="address" type="addressType"/>

<xs:complexType name="addressType">

  <xs:sequence>

    <xs:element ref="street"/>

    <xs:element ref="number"/>

    <xs:element ref="city"/>

    <xs:element ref="state"/>

  </xs:sequence>

</xs:complexType>

The element address must contain the subelements street, number, city and state in this order.

choice
The choice element allows to choose one element from a list. For instance, the contact element declared below can contain either an email element or a phone element, but not both:

<xs:element name="email" type="xs:string"/>

<xs:element name="phone" type="xs:string"/>

<xs:element name="contact" type="contactType"/>

<xs:complexType name="contactType">

  <xs:choice>

    <xs:element ref="email"/>

    <xs:element ref="phone"/>

  </xs:choice>

</xs:complexType>

all
The all element defines a set of elements that must appear in the instance document in any order. It is a variant of the sequence operator where the content order is irrelevant. An example follows:

<xs:element name="email" type="xs:string"/>

<xs:element name="phone" type="xs:string"/>

<xs:element name="contact" type="contactType"/>

<xs:complexType name="contactType">

  <xs:all>

    <xs:element ref="email"/>

    <xs:element ref="phone"/>

  </xs:all>

</xs:complexType>

In this case, the contact element must contain both email and phone subelements in any order. A few restrictions apply to the all construct: it can only contain element references or declarations. The maximum number of occurrences of each contained element must be 1. Moreover, sequence and choice operators cannot contain the all operator.

any, anyAttribute
The any element is a wildcard matching any element. For instance, the following unstructured type defines an unbounded number of any elements:

<xs:complexType name="unstructuredType">

  <xs:sequence>

    <xs:any minOccurs="0" maxOccurs="unbounded"/>

  </xs:sequence>

</xs:complexType>

The any element has an optional attribute namespace that permits to specify the namespace to match its content. Any element belonging to the specified namespace is accepted. Moreover, it has an optional attribute processContents with the following possible values:

· strict (the default). It means that elements defined in the content of the any element must be declared in the schema and must be valid;

· lax. It means that, if elements defined in the content of the any element are declared, then they must be valid;

· skip. It means that elements defined in the content of the any element need not be declared and, if declared, they need not be valid.

As an example, the following type defines a sequence of XHTML tags:

<xs:complexType name="htmlType">

  <xs:sequence>

    <xs:any namespace="http://www.w3.org/1999/xhtml"

               minOccurs="0" maxOccurs="unbounded"

               processContents="skip"/>

  </xs:sequence>

</xs:complexType>

The following note element is valid with respect to the defined htmlType:

<note xmlns:x="http://www.w3.org/1999/xhtml">

  <x:p>

    <x:em>Scott Means</x:em> is the author of an excellent book on 

    <x:strong>XML</x:strong>. 

  </x:p>

  <x:p>

    <x:em>Anders Moeller</x:em> is the author of

    another good book on the same topic.

  </x:p>

</note>

While any defines any element, the anyAttribute element specifies that an element of the defined type may have any number of any attribute. It has optional attributes namespace and processContents as in the case of the any elements. For instance, the following complex type defines a sequence of name and surname elements, a required attribute code as well as an attribute list from the XLink namespace. XLink attributes need not be declared and in any case are not validated:

<xs:element name="name" type="xs:string"/>

<xs:element name="surname" type="xs:string"/>

<xs:attribute name="code" type="xs:string"/>

<xs:element name="author" type="authorType"/>

<xs:complexType name="authorType">

  <xs:sequence>

    <xs:element ref="name"/>

    <xs:element ref="surname"/>

  </xs:sequence>

  <xs:attribute ref="code" use="required"/>

  <xs:anyAttribute namespace="http://www.w3.org/1999/xlink" processContents="skip"/>

</xs:complexType>

group, attributeGroup
Element and attributes can be grouped under a given name and then referenced. In particular, the group element allows to name a sequence, choice or all element, while the attributeGroup element allows to name a list of attributes. Both groups can be referenced using the same elements with a ref attribute pointing to the name of the group, as shown in the following example:

<xs:element name="author" type="authorType"/>

<xs:group name="authorElements">  

  <xs:sequence>    

    <xs:element name="name" type="xs:string"/>

    <xs:element name="surname" type="xs:string"/>

  </xs:sequence>  

</xs:group>  

<xs:attributeGroup name="authorAttributes">

  <xs:attribute name="born" type="xs:date" use="required"/>

  <xs:attribute name="dead" type="xs:date"/>

</xs:attributeGroup>

<xs:complexType name="authorType">

  <xs:group ref="authorElements"/>

  <xs:attributeGroup ref="authorAttributes"/>

</xs:complexType>

The type constructor elements sequence, choice, all, any, and group have optional occurrence constraint attributes minOccurs and maxOccurs that indicate the minimum and maximum number of times they must repeat. The default is 1 for both and maxOccurs can be set to unbounded. In case of group, occurrence constraints must be specified on the group reference rather than on the group definition.

Moreover, the above described constructors can be combined (with the restrictions we said) as soon as the resulting content model is deterministic (as for DTD). The rationale behind this limitation (and many other) is that XML schema processors should be easier to implement.

Mixed content, that is a content mixing element markup and character data, can be obtained by setting to true the attribute mixed of the complexType element. If mixed is false (the default), only whitespace is permitted outside elements. It is not possible to contrain the character data in mixed content. An example follows:

<xs:element name="name" type="xs:string"/>

<xs:element name="surname" type="xs:string"/>

<xs:element name="author" type="authorType"/>

<xs:complexType name="authorType" mixed="true">

  <xs:choice minOccurs="0" maxOccurs="unbounded">

    <xs:element ref="name"/>

    <xs:element ref="surname"/>

  </xs:choice>

</xs:complexType>

A valid instance of an element of type authorType follows:

<author>

  <name>Scott</name> <surname>Means</surname> is the author of

  an excellent book on XML. 

  <name>Anders</name> <surname>Moeller</surname> is the author of

  another good book on the same topic.

</author>

We have seen that simple types can be derived from other simple types by restriction. Also complex types can be derived from other complex types, typically by extention. This mechanism of complex type generation resembles type inheritance of object-oriented programming languages. We have seen above how to create a complex type with simple content by extending a primitive type using the simpleContent element:

<xs:complexType name="bookType">

  <xs:simpleContent>

    <xs:extension base="xs:string">

      <xs:attribute name="price" type="xs:decimal"/>

    </xs:extension>

  </xs:simpleContent>

</xs:complexType>

To derive a complex type with complex content from another complex type we use the complexContent element. The following example defines a bibliography as an unbounded sequence of article or book items. Both the article and book types are extentions of a core item type that defines common attributes, like authors, title and year of publication. In particular, the article type adds a journal element and the book type adds a publisher element and an isbn attribute:

<xs:element name="author" type="xs:string"/>

<xs:element name="title" type="xs:string"/>

<xs:element name="year" type="xs:gYear"/>

<xs:element name="journal" type="xs:string"/>

<xs:element name="publisher" type="xs:string"/>

<xs:element name="coreItem" type="coreItemType"/>

<xs:element name="article" type="articleType"/>

<xs:element name="book" type="bookType"/>

<xs:element name="bibliography" type="bibliographyType"/>

<xs:attribute name="isbn" type="xs:string"/>

<xs:complexType name="coreItemType">

  <xs:sequence>    

    <xs:element ref="author" maxOccurs="unbounded"/>

    <xs:element ref="title"/>

    <xs:element ref="year"/>

  </xs:sequence>  

</xs:complexType>

<xs:complexType name="articleType">

  <xs:complexContent>

    <xs:extension base="coreItemType">

      <xs:sequence>

        <xs:element ref="journal"/>

      </xs:sequence>

    </xs:extension>

  </xs:complexContent>

</xs:complexType>

<xs:complexType name="bookType">

  <xs:complexContent>

    <xs:extension base="coreItemType">

      <xs:sequence>

        <xs:element ref="publisher"/>

      </xs:sequence>

      <xs:attribute ref="isbn"></xs:attribute>

    </xs:extension>

  </xs:complexContent>

</xs:complexType>

<xs:complexType name="bibliographyType">

  <xs:choice minOccurs="0" maxOccurs="unbounded">

    <xs:element ref="article"/>

    <xs:element ref="book"/>

  </xs:choice>

</xs:complexType>

An instance of an extended type must have all the child elements of the base type followed by all the child elements declared in the extension. As an example, a valid bibliography instance follows:

<bibliography>

  <article>

    <author>Georg Gottlob</author>

    <title>XPath processing in a nutshell</title>

    <year>2003</year>

    <journal>SIGMOD Records</journal>

  </article>

  <book isbn="0-596-00764-7">

    <author>Elliotte Harold</author>

    <author>Scott Means</author>

    <title>XML in a nutshell</title>

    <year>2004</year>

    <publisher>O'Reilly</publisher>

  </book>

</bibliography>

