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Course

e Introduction to XML
concentrate on XML's uses for the web
many other uses!
e Three parts
XML standard
XML validation
XML transformations




Resources

o [ext

Carey, P. New Perspectives on XML
(Comprehensive). Thomson Learning
e Tools

XML Spy
4.3 included with book

XML Spy Enterprise 2004
available in 7t floor lab



XML

e eXtensible Markup Language

e Misnomer
Not a language
Technology for creating languages



XML

e Looks a little bit like HTML
e But with a wide variety of tag names

e Reason

HTML and XML have a common ancestor
SGML

Developed for entry and management of very large
documents

e Why do we need XML?



Web publishing with HTML

e Develop content

e Determine how content should be displayed on
pages

e Encode content in HTML

e Content avallable to users

e Problem
what happens when content changes
design decisions must be rethought

what happens when design changes
HTML must be rewritten

designer and author must work closely




Web publishing with XML

e Develop XML application for content

e Develop content

e Content encoded in XML

e Design pages

e Write stylesheet to render pages in HTML
e Content avallable to users



Benefits

e If design changes, only stylesheet is affected

e Different pages / displays can be generated
from the same content

e Designer and author need not interact



Big picture

e Modularity is a good thing

decoupling of data's structure from its use in a
particular application

lowers effort of repurposing data

e Modularity requires standards

non-application specific data representation
not in the interest of any application vendor
e XML is the language in which such standards can
be expressed




XML applications

e Purpose-specific languages that conform to
the XML standard

e Many are standardized
¢ In-house languages easy to develop

e XML Is becoming the default choice for data
storage format

MS Office 2003



Example: Syllabus

<syllabus xmIns="http://josquin.cs.depaul .edu/~rburke/namespaces/syllabus'>
<course>
<course-number>ECT 360</course-number>
<course-title>Introduction to XML</course-title>
<prereqs>
<note>One quarter of programming</note>
<and>
<0or>
<course-number>CSC 211</course-number>
<course-number>CSC 261</course-number>
<equivalent/>
</or>
<course-number>I1T 130</course-number>
</and>
</prereqs>
</course>
. see full example ...



Note

e Structure determined by needs of application

e Other design choices could be made
separate components of course number
text for prerequisites



Note

e Mixed content

e Use of external namespaces
e Entities

e Internal referencing



The rules of XML

e Documents consist of elements, attributes and content
(and a few other things)
e Elements are set off by tags in angle brackets
start tag for element foo <syllabus>
end tag for element foo </syllabus>
e Anything in between the start tag and end tag is element content
e Attributes are additional data associated with an element

indicated by name/value pairs inside the start tag
<hwk ref="hwk2">



More rules

e Comments
enclosed by special character sequence
<l---->
e Document prolog
before the first element
contains declarations
typically
declare that it is xml
declare the relevant document type

e Processing instructions
information that the XML parser doesn't use
passed along to the application
Special tag <?



Entities

e Special characters
Certain characters part of the language

Need a way to indicate these
&lt; 2 <

e Entities can be defined as part of a document type
useful for inserting standard text
&copyright; might insert a standard copyright notice



Document tree

e Document is just one form of XML

e More useful for computation
Tree representation
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Tree

e Nodes
e elements
e text nodes

e Attribute lists




Paths

e A path traverses the tree
e XPath provide syntax for tree traversal

e Example
/section|[2]/meeting[1]/day/



Transformation

e XML transformations change the XML tree
adding
deleting
changing contents



Well-formed vs valid

e A well-formed document is one that obeys the
syntactic rules

It can be parsed

<foo bar="2""><baz>thud</baz>&zap;</foo>

well-formed document

e A valid document has been validated against some
standard

what is the entity zap?
IS baz a legal subelement for foo?
unknown without a definition for foo



XML Validation

e Validation is the process of checking an XML
document against a standard

e Different languages for defining such
standards

DTD — document type definition
XML Schema



Well-Formed and Valid XML e

e Well-Formed XML allows you to invent your
own tags.

e Valid XML conforms to a certain DTD.

28



Well-Formed XML

e Start the document with a declaration,
surrounded by <?xml ... ?>.

e Normal declaration iIs:

<?xml version = 7”1.0” standalone =
71yes11 ?>
“standalone” = “no DTD provided.”

e Balance of documentis a
surrounding nested tags.
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Tags

e Tags are normally matched pairs, as <FOO>
... </[FOO>.

e Unmatched tags also allowed, as <FOO/>
e Tags may be nested arbitrarily.
e XML tags are case-sensitive.
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Example: Well-Formed XML :

<?xml version = “1.0” standalone = “yes” ?> A NAME
<BARS> subelement
<BAR>4NAME>Joe’s Bar</NAME>

<PRICE>2.50</PRICE></BEER>
Roottag <BEER><NAME>Miller</NAME>
RICE>3.00</PRICE></BEER> ABEER

subelement
</BAR> \
<BAR> ... Tags surrounding

</BARS> a BEER element

<B§ER><NAM E>Bud</NAME>

/

31



DTD Structure

<IDOCTYPE <root tag> [
<IELEMENT <name>(<components>)>
... more elements . . .

1>

32



DTD Elements

e The description of an element consists of its
name (tag), and a parenthesized description
of any nested tags.

Includes order of subtags and their multiplicity.
e Leaves (text elements) have #PCDATA

(Parsed Character DATA ) in place of nested
tags.

33



Example: DTD

<IDOCTYPE BARS |

LEMENT
LEMENT
LEMENT

_LEMENT

LEMENT

BARS (BAR®)B

A BARS object has
zero or more BAR'’s
nested within.

BAR (NAME, BEER+)>

A BAR has one

NAM

E (#PCDATA)

> NAME and one

or more BEER

BEEF

R (NAME, PRICE)> subobijects.

PRIC

E (#JPCDATA)
f

SN

NAME and PRICE
are text.

A BEER has a
NAME and a
PRICE.
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Element Descriptions

e Subtags must appear in order shown.
e A tag may be followed by a symbol to
iIndicate its multiplicity.
* = zero or more.
+ = 0ohe Oor more.
? = zero or one.

e Symbol | can connect alternative
seguences of tags.
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. Element Description

e A name Is an optional title (e.g., “Prof.”), a
first name, and a last name, in that order, or
it IS an IP address:

<VELEMENT NAME (
(TITLE?, FIRST, LAST) | IPADDR

)>

36



Use of DTD’s

1. Set standalone = “no”.

2. Elther:

Include the DTD as a preamble of the XML
document, or

Follow DOCTYPE and the <root tag> by
SYSTEM and a path to the file where the DTD

can be found.

37



Example: (a)

<?xml version = “1.0"” standalone = “no” ?>

e

<IDOCTYPE BARS |

<IELEMENT BARS (BAR*)>
</ELEMENT BAR (NAME, BEER+)> __—~ The DTD
<IELEMENT NAME (#PCDATA)>

<IELEMENT BEER (NAME, PRICE)>

<IELEMENT PRICE (#PCDATA)> / The document

<BARS>

</BARS>

<BAR><NAME>Joe’s Bar</NAME>
<BEER><NAME>Bud</NAME> <PRICE>2.50</PRICE></BEER>
<BEER><NAME>Miller</NAME> <PRICE>3.00</PRICE></BEER>
</BAR>
<BAR> ...
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(b)

e Assume the BARS DTD is in file bar.dtd.

<?xml version = “1.0” standalone = “no” ?>
<IDOCTYPE BARS SYSTEM "bar.dtd(>

<BARS> Getthe DTD
<BAR><NAME>Joe’s Bar</NAME> from the file
bar.dtd

<BEER><NAME>Bud</NAME>
<PRICE>2.50</PRICE></BEER>
<BEER><NAME>Miller</NAME>
<PRICE>3.00</PRICE></BEER>
</BAR>
<BAR> ...
</BARS>
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Attributes

e Opening tags in XML can have attributes.

e INaDID,
<IATTLISTE...>

declares attributes for element E, along with
its datatype.
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- Attributes

e Bars can have an attribute kind, a
character string describing the bar.

<IELEMENT BAR (NAME BEER*)>

<IATTLIST BAR kind
#1MPL 1ED3

Attribute is optional
opposite: #REQUIRED

CDATA

;

Character string
type; no tags

41



- Attribute Use

e In a document that allows BAR tags, we might
see:

<BAR Kkind = ’sushi”>
<NAME>Homma” s</NAME>
<BEER><NAME>Sapporo</NAME>
<PRICE>5.00</PRICE></BEER>

</BAR>

42



ID’s and IDREF’s

e Attributes can be pointers from one object to
another.

Compare to HTML’s NAME = "foo” and HREF =
"#f00”.

e Allows the structure of an XML document to
be a general graph, rather than just a tree.

43



Creating ID’s

e Give an element E an attribute A of type |

D.

e When using tag <E > in an XML document,

give its attribute A a unique value.

<E A — 17Xyz17>

44



Creating IDREF’s

e To allow elements of type F to refer to
another element with an ID attribute, give F
an attribute of type IDREF.

e Or, let the attribute have type IDREFS, so the
F -element can refer to any number of other
elements.

45



- |D’s and IDREF’s

e A new BARS DTD includes both BAR and
BEER subelements.

e BARS and BEERS have ID attributes name.

e BARS have SELLS subelements, consisting

of a number (the price of one beer) and an
IDREF theBeer leading to that beer.

e BEERS have attribute soldBy, which is an
IDREFS leading to all the bars that sell it.

46



0000
| X X X
Bar elements have name o2
Th o DTD as an ID attribute and ©
have one or more
<IDOCTYPE BARS | SELLS subelements.

<IELEMENT BARS (BAR*, BEER*)>

IELEMENT BAR (SELLS%)> ﬁaEVLeLi r?lljer;nbeer;ts
IATTLIST BAR name ID #REQUIREDxthe price) and
<I[ELEME > one reference

<IATTLISTSELLS theBeer IDREF M @beer.
#REQUIRED>

<IELEMENT BEER EMPTY>
<IATTLIST BEER name ID #REQUIRED>
<IATTLIST BEER soldBy IDREFS #IMPLIED>

]> Beer elements have an ID attribute called name,
and a soldBy attribute that is a set of Bar names.
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A Document

<BARS>

<BAR name = "JoesBar’>
<SELLS theBeer = "Bud”>2.50</SELLS>
<SELLS theBeer = "Miller’>3.00</SELLS>

</BAR> ...

<BEER name = "Bud” soldBy = "JoesBar
SuesBar ...” [> ...

</BARS>
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Empty Elements

e We can do all the work of an element in its
attributes.

Like BEER In previous example.

o : SELLS elements could
have attribute price rather than a value that

IS a price.
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. Empty Element

e In the DTD, declare:

<IELEMENT SELLS EMPTY>
<IATTLIST SELLS theBeer IDREF #REQUIRED>
<IATTLIST SELLS price CDATA #REQUIRED>

0 use:

<SELLS theBeer = "Bud” price = "2.50
Note exception to

“matching tags” rule
50



XML Schema

e A more powerful way to describe the
structure of XML documents.

e XML-Schema declarations are themselves
XML documents.

They describe “elements” and the things doing
the describing are also “elements.”
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Structure of an XML-Schema | ss¢¢

Document :

<? xml version = .. ?>
<xs:lschema|xmins:-xs| =
http://www.w3.0rg/2001/XMLschema’>

<AXSIS ema~> Defines "xs” to be the
namespace described in

the URL shown. Any string
in place of "xs” is OK.

So uses of "xs” within the
schema element refer to
tags from this namespace.
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The xs:element Element e

e Has attributes:

1. name = the tag-name of the element being
defined.
2. type = the type of the element.
Could be an XML-Schema type, e.g., Xs:string.

Or the name of a type defined in the document
itself.
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' XS:element

<xs:element name = ”NAME”
type = 7’xs:string” />
e Describes elements such as
<NAME>Joe’s Bar</NAME>
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Complex Types

e To describe elements that consist of
subelements, we use xs:complexType.

o Attribute name gives a name to the type.
e Typical subelement of a complex type is

Xs:seqguence, which itself has a sequence of
xs:element subelements.

e Use minOccurs and maxOccurs attributes to
control the number of occurrences of an
XS:element.
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- a Type for Beers

<xs:complexType name = beerType’>
<Xs:sequence~> Exactly one
<xs:element name = NAME’> __ occurrence
type = 7xs:string” \,
minOccurs = |17 maxOccurs = 717 />
<xs:element name = ”PRICE”
type = ’xs:float”
minOccurs = |07 maxOccurs = 717 />
</Xs:sequence> Like 2 in

</xs:complexType> aDbTD
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An Element of Type beerType |:

<XXX>
<NAME>Bud</NAME>
<PRICE>2.50</PRICE>

<7 XXX>

\

We don’t know the
name of the element
of this type.
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. a Type for Bars

<xs:complexType name = ’barType’>
<XS:sequence>
<xs:element name = ”NAME”
type = ’Xs:string”
minOccurs = 7’1” maxOccurs =
<xs:element name = ”BEER”
type = ’beerType”
minOccurs = ”’0”7 maxOccurs =
“unbounded”| /> Like * in

</XS:sequence> abib

</xs:complexType>

1 />

58



XS:attribute .

e XxsS:attribute elements can be used within a
complex type to indicate attributes of
elements of that type.

e attributes of xs:attribute:

e name and type as for xs.element.
e use ="required” or "optional”.

59



: XS:attribute

<xs:complexType name = ’beerType”>
<xs:attribute name = ’name”
type = ”Xs:string”
use = ’required” />
<xs:attribute name = ’price”
type = 7’xs:float”
use = “optional” />

</xs:complexType>
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Restricted Simple Types :

e xs:simpleType can describe enumerations
and range-restricted base types.

e Name IS an attribute
e Xxs:restriction Is a subelement.

61



Restrictions .

e Attribute base gives the simple type to be
restricted, e.g., xs:integer.

e xs:{min, max}H{lInclusive, Exclusive} are
four attributes that can give a lower or
upper bound on a numerical range.

e XS:enumeration I1s a subelement with
attribute value that allows enumerated

types.
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- license Attribute for BAR

<xs:simpleType name = ’license’”>
<xs:restriction base = ”’xs:string’>
<xs:enumeration value = “Full” />
<xs:enumeration value = ”Beer only” />
<xs:enumeration value = ’Sushi1” />
</Xs:restriction>
</xs:simpleType>
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. Prices In Range [1,5)

<xs:simpleType name = ’price’>
<XSs:restriction
base = ’xs:float”
minlnclusive = 7’1.00”
maxExclusive = 7’5.00” />

</xs:simpleType>
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Keys in XML Schema

e An xs:element can have an xs:key subelement.

o . within this element, all subelements
reached by a certain selector path will have
uniqgue values for a certain combination of fields.

° : within one BAR element, the name
attribute of a BEER element is unique.
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K ey And @
Indicate's

<xs:element name = ”BAR” .. > an attribute

rather than
- = - a tag.

<xs:key name = ’barKey”’>
<xs:selector Xpath]= "BEER” />
<xs:field xpath/# “@name’f />
</Xs:key> !

XPath is a query language
for XML. All we need to
know here is that a path

</xs-element> Isasequence oftags
separated by /.
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Foreign Keys

e An xs:keyref subelement within an
xs:element says that within this element,
certain values (defined by selector and

field(s), as for keys) must appear as values of
a certain key.
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. Foreign Key

e Suppose that we have declared that
subelement NAME of BAR is a key for
BARS.

The name of the key is barKey.
e \We wish to declare DRINKER elements
that have FREQ subelements. An

attribute bar of FREQ is a foreign key,
referring to the NAME of a BAR.
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. Foreign Key in XML 2

Schema
<xs:element name = "DRINKERS”
<xs:keyref name = ’barRef”
refers = “barKey”

<xs:selector xpath =
”DRINKER/FREQ” />

<xs:field xpath = ’@bar” />
</xs:keyref>
</xs:element>
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