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Overview

• How can we specify our own XML formats?
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XML Schema

• XML-Schema (W3C, May 2001 [1–6])

• Focused on data types

• Also called: “XML Schema Definition” (XSD)

• More powerful than DTD (which we do not discuss here)

• XML Schemas are specified in XML =⇒ no new syntax

• Data types: standard types pre-defined, own types can be added

• Inheritance

• Support for XML namespaces

• Extensible, supports modularization and re-use
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Concept

• A document type is defined by
• Elements: Where do they appear? How often? Are they optional or

required?
• Attributes: Which element has which attributes?
• Values: Which values can appear inside elements (between opening and

closing tag)? Which values can attributes take on? Numbers? Strings?
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Example: Course XML

Listing: An example XML file

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

<course courseName="Distributed Computing">

<units>60</units >

<teachers >

<teacher familyName="Weise" personalName="Thomas" />

<teacher familyName="Chen" personalName="Xianglan" />

</teachers >

<students >

<student studentid="SA11111111" score="85.5" />

<student studentid="SA22222222" score="73.0" />

<student studentid="SA33333333" score="90.0" />

</students >

</course >
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Example: Course XML / element

• We want to define a document schema that allows for exactly one
“course” element per document.

Listing: A part of the course XML file

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

<course courseName="Distributed Computing">

</course >
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Example: Course XSD / schema & element

• We want to define a document schema that allows for exactly one
“course” element per document.

• We define a new schema and a namespace for it: ustc:courses

Listing: The corresponding part of the courses.xsd file

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

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

targetNamespace = "ustc:courses"

xmlns = "ustc:courses"

elementFormDefault = "qualified">

<xs:element name="course">

</xs:element >

</xs:schema >
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Example: Course XSD / schema & element

• We want to define a document schema that allows for exactly one
“course” element per document.

• We define a new schema and a namespace for it: ustc:courses

• in this schema, we place one element tag with the desired name
course

Listing: The corresponding part of the courses.xsd file

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

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

targetNamespace = "ustc:courses"

xmlns = "ustc:courses"

elementFormDefault = "qualified">

<xs:element name="course">
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Example: Course XML / attributes

• Now we want to add the attribute courseName

Listing: A part of the course XML file

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

<course courseName="Distributed Computing">

</course >
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• Now we want to add the attribute courseName

• Our schema element course now becomes complex, as it has at least
one child attribute or element

Listing: The corresponding part of the courses.xsd file
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<xs:complexType >
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Example: Course XSD / attributes

• Now we want to add the attribute courseName

• Our schema element course now becomes complex, as it has at least
one child attribute or element

• attributes are declared with attribute tag

• attributes have types: XSD has lots of pre-defined types

Listing: The corresponding part of the courses.xsd file

<xs:element name="course">

<xs:complexType >

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

</xs:complexType >

</xs:element >
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Example: Course XML / nested elements

• Now we want to add an element units which must contain one
integer number

Listing: A part of the course XML file

<course courseName="Distributed Computing">

<units>60</units >

</course >
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Example: Course XSD / nested elements

• Now we want to add an element units which must contain one
integer number

• Our complex schema element course now has at least one child
element

Listing: The corresponding part of the courses.xsd file

<xs:element name="course">

<xs:complexType >

<xs:sequence >

<xs:element name="units" type="xs:int"/>

</xs:sequence >

</xs:complexType >

</xs:element >
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Example: Course XSD / nested elements

• Now we want to add an element units which must contain one
integer number

• Our complex schema element course now has at least one child
element

• such nested elements can appear in a sequence

Listing: The corresponding part of the courses.xsd file

<xs:element name="course">

<xs:complexType >

<xs:sequence >

<xs:element name="units" type="xs:int"/>

</xs:sequence >

</xs:complexType >

</xs:element >
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Example: Course XML / nested elements 2

• Now we want to add the sub-element teachers that, in turn, can
contain multiple teacher elements

Listing: A part of the course XML file

<course courseName="Distributed Computing">

<teachers >

<teacher familyName="Weise" personalName="Thomas" />

<teacher familyName="Chen" personalName="Xianglan" />

</course >
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Example: Course XSD / nested elements 2

• Now we want to add the sub-element teachers that, in turn, can
contain multiple teacher elements

• teachers itself is a complex element, containing a sequence of
teacher elements
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Example: Course XSD / nested elements 2

• Now we want to add the sub-element teachers that, in turn, can
contain multiple teacher elements

• teachers itself is a complex element, containing a sequence of
teacher elements

• teacher can occur at least once ( minOccurs="1" ) and arbitrarily
often ( maxOccurs="unbounded" )

Listing: The corresponding part of the courses.xsd file

<xs:element name="teachers">

<xs:complexType >

<xs:sequence >

<xs:element name="teacher" minOccurs="1"

maxOccurs="unbounded">

</xs:element >

</xs:sequence >

</xs:complexType >
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Example: Course XML / attributes 2

• The element teacher has two attributes. . .

Listing: A part of the course XML file

<course courseName="Distributed Computing">

<teachers >

<teacher familyName="Weise" personalName="Thomas" />

<teacher familyName="Chen" personalName="Xianglan" />

</course >
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Example: Course XSD / attributes 2

• The element teacher has two attributes. . .

• teacher this is also a complex element with two string attributes

Listing: The corresponding part of the courses.xsd file

<xs:element name="teacher" minOccurs="1"

maxOccurs="unbounded">

<xs:complexType >

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

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

</xs:complexType >

</xs:element >
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Example: Course XML / elements 3

• After the element teachers , course contains the element students

which, in turn, holds a set of student elements, each with two
attributes ( studentid and score )

Listing: A part of the course XML file

<course courseName="Distributed Computing">

<students >

<student studentid="SA11111111" score="85.5" />

<student studentid="SA22222222" score="73.0" />

<student studentid="SA33333333" score="90.0" />

</students >

</course >
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Example: Course XSD / elements 3

• After the element teachers , course contains the element students

which, in turn, holds a set of student elements, each with two
attributes ( studentid and score )

Listing: The corresponding part of the courses.xsd file

<xs:element name="students">

<xs:complexType >

<xs:sequence >

<xs:element name="student" minOccurs="1"

maxOccurs="unbounded">

<xs:complexType >

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

<xs:attribute name="score" type="xs:float"/>

</xs:complexType >

</xs:element >

</xs:sequence >

</xs:complexType >

</xs:element >
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Listing: The full example courses.xsd file

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

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

targetNamespace = "ustc:courses"

xmlns = "ustc:courses"

elementFormDefault = "qualified">

<xs:element name="course">

<xs:complexType >

<xs:sequence >

<xs:element name="units" type="xs:int"/>

<xs:element name="teachers">

<xs:complexType >

<xs:sequence >

<xs:element name="teacher" minOccurs="1"

maxOccurs="unbounded">

<xs:complexType >

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

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

</xs:complexType >

</xs:element >

</xs:sequence >

</xs:complexType >

</xs:element >

<xs:element name="students">

<xs:complexType >

<xs:sequence >

<xs:element name="student" minOccurs="1"

maxOccurs="unbounded">

<xs:complexType >

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

<xs:attribute name="score" type="xs:float"/>

</xs:complexType >

</xs:element >

</xs:sequence >

</xs:complexType >

</xs:element >

</xs:sequence >

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

</xs:complexType >

</xs:element >

</xs:schema >
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Example: Course XSD / Usage

• When using the new schema, we need to reference it from within the
XML document

Listing: The corresponding part of the courseWithNamespace.xml file

<course courseName="Distributed Computing"

xmlns="ustc:courses">
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Listing: The full courseWithNamespace.xml file

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

<course courseName="Distributed Computing"

xmlns="ustc:courses">

<units>60</units >

<teachers >

<teacher familyName="Weise" personalName="Thomas" />

<teacher familyName="Chen" personalName="Xianglan" />

</teachers >

<students >

<student studentid="SA11111111" score="85.5" />

<student studentid="SA22222222" score="73.0" />

<student studentid="SA33333333" score="90.0" />

</students >

</course >
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Example: Course XSD / Usage

• We also need to tell an XML parser where to find the schema file if we
want to enable the parser to actually check the XML file for validity

Listing: The corresponding part of the courseWithNamespaceAndSchemaLocation.xml file

<course courseName="Distributed Computing"

xmlns="ustc:courses"

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

xsi:schemaLocation="ustc:courses 

https: //raw.githubusercontent.com/thomasWeise/distributedComputingExamples/master/xml/xml/course
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Example: Course XSD / Usage

• We also need to tell an XML parser where to find the schema file if we
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• The schameLocation attribute assigns a URL for download to the
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Example: Course XSD / Usage

• We also need to tell an XML parser where to find the schema file if we
want to enable the parser to actually check the XML file for validity

• The schameLocation attribute assigns a URL for download to the
schema URI.

• I just use the GitHub location of my XSD file. . .

Listing: The corresponding part of the courseWithNamespaceAndSchemaLocation.xml file

<course courseName="Distributed Computing"

xmlns="ustc:courses"

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

xsi:schemaLocation="ustc:courses 
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Listing: The full courseWithNamespaceAndSchemaLocation.xml file

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

<course courseName="Distributed Computing"

xmlns="ustc:courses"

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

xsi:schemaLocation="ustc:courses 

https: //raw.githubusercontent.com/thomasWeise/distributedComput

<units>60</units >

<teachers >

<teacher familyName="Weise" personalName="Thomas" />

<teacher familyName="Chen" personalName="Xianglan" />

</teachers >

<students >

<student studentid="SA11111111" score="85.5" />

<student studentid="SA22222222" score="73.0" />

<student studentid="SA33333333" score="90.0" />

</students >

</course >
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XSD Features

• We can now validate an XML document against our schema

Distributed Computing Thomas Weise 24/29

http://xsdvalidation.utilities-online.info/
http://www.xmlforasp.net/schemavalidator.aspx


XSD Features

• We can now validate an XML document against our schema

• We can do this locally, or by using online validators, e.g.,
http://xsdvalidation.utilities-online.info/,
http://www.xmlforasp.net/schemavalidator.aspx

Distributed Computing Thomas Weise 24/29

http://xsdvalidation.utilities-online.info/
http://www.xmlforasp.net/schemavalidator.aspx


XSD Features

• We can now validate an XML document against our schema

• We can do this locally, or by using online validators, e.g.,
http://xsdvalidation.utilities-online.info/,
http://www.xmlforasp.net/schemavalidator.aspx

• For every XML application, there should be a schema

Distributed Computing Thomas Weise 24/29

http://xsdvalidation.utilities-online.info/
http://www.xmlforasp.net/schemavalidator.aspx


XSD Features

• We can now validate an XML document against our schema

• We can do this locally, or by using online validators, e.g.,
http://xsdvalidation.utilities-online.info/,
http://www.xmlforasp.net/schemavalidator.aspx

• For every XML application, there should be a schema

• The schema tell us whether an XML document has the correct
structure
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XSD Features

• Schema definitions have lots of more features that are our of the
scope of this lesson, such as

• re-usable data type definitions ( complexType , simpleType )

• hierarchical type definitions with inheritance and extensions or
restrictions

• optional elements ( choice )
• group s of elements or attributes

• documentation
• . . .
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Summary

• XML dialects can be specified with XML Schemas [1–3, 7]
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Caspar David Friedrich, “Der Wanderer über dem Nebelmeer”, 1818
http://en.wikipedia.org/wiki/Wanderer_above_the_Sea_of_Fog
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