eXtensible Markup L anguage
(XML)
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What iIsXML?

o eXtensible Markup Language

o Subset of SGML (Standardized General Markup Language)
— marks up content, not formatting, just like SGML
— omits complex features

e Formatting is done with
— Cascading Style Sheets (CSS)
— eXtensible Style Language (XSL)

e Relationshipto HTML

— can expresstherulesfor HTML in an
XML Document Type Definition (DTD)
— HTML documents can be XML documents
* haveasingleroot element (<ht m >)
» closeall tags
» enclose attribute values in quotes
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Some Benefits of Using XML

o XML documents are self-describing
— not just a collection of data values

* Can use standard XML tools (& some SGML tools)

to create, modify, process and view
— XML editors
— SAX and DOM programming interfaces
— XML-aware browsers

e CanuseaDTD to constrain structure and allowed values

e Canuse XSL toread existing XML documents

and create new ones with a different structure

— when needs change
— when other applications expect the data to be structured differently

e Errorsindatadon’t prevent use of other document data

aslong asit is still well-formed
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Some Design Goals For XML

o Compatible with SGML

— take advantage of existing expertise and some existing tools

e Optional elements kept to a minimum
— comparison of spec. sizes. SGML ~500 pages, XML ~30 pages

 Human-readable, like HTML
» Easy to create documents

o Terseness of markup is of little importance

— element and attribute names take up alot of space
but compresses well (~90%)

e Support avariety of applications, not just web browsers
« Easy to write applications that process XML documents

— can use SAX and DOM interfaces
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Custom Markup Languages

o XML isused to create markup languages
for specific applications
e Examples

Chemical Markup Language (CML)
« for displaying molecule descriptions and trees and model diagrams
FDX - for footwear industry data
FpML and FinXML - for securitiestrading data
HL7 - for health care data
MathML - for mathematical equations

Open Financial eXchange (OFX)
» for personal financial datalike that stored in Quicken or Money
 also supports consumer and small business banking and bill payment
Open Software Distribution (OSD)
 for software distribution and updates
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Categorizing The Pieces

 Basics XML

e Validating: DTD and XML Schema
o Links: XLink and XPointer

e Formatting: CSSand XSL

* Programming: SAX and DOM
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XML Elements (or tags)

* Must be surrounded by < and > characters
* Must be terminated in one of two ways

<city/>
<city>content goes here</city>

e Can include attributes

<city name="St. Louis" state="M ssouri"/>

e Can contan child elements
<city>
<nane>St. Loui s</ nanme>
<st at e>M ssouri </ st at e>
</city>
e Child elements must be properly nested
— proper: <a> <b> </ b> </ a>
— improper: <a> <b> </a> </ b>
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Example XML Document

<?xm version="1.0"?> «—— XML declaration prolog
<I DOCTYPE nusi cCol | ecti on SYSTEM "nusi cCol | ecti on. dtd"> «— document type section

declaration
<nusi cCol | ecti on> (L root element

<owner >Mar k Vol kmann</ owner >
<artist type="group">
<nanme>Cr anberri es</ nane>
<cd cat egory="pop">
<title>Everybody Else Is Doing It, So Wiy Can't We?</title>

<track>
<nane>l Still Do</nane>
<time>3:16</ti ne>
</track>
<track>

<namnme>Dr eans</ nane>
<tinme>4:32</tinme>
</track>
</ cd>
</artist>
<l-- place nore artists here --> <— an XML comment
</ nmusi cCol | ecti on>
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Well-formed & Vaid XML Documents

e Wadl-formed documents
— dl eements are terminated
— one element, the root e ement, contains all the others

— elements do not overlap
 child elements must be closed before their parent is closed

— attribute values are enclosed in quotes
— < isonly used to start elements

— dso afew rules about entities
* entities are shorthand names for replacement text
* entities can also refer to non-XML data

e Valid documents
— wdll-formed
— conformtoaDTD
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Document Type Definitions (DTD)

A DTD defines
— alowed elements and their attributes
— valid element nesting relationships
— sequence in which elements must appear within their parent element
— number of times elements can occur within their parent element
— and more

e Only needed for “valid” documents,
not for merely “well-formed” documents

 DTDsfor many application domains already exist

 Four DTD types
— ELENENT, ATTLI ST, ENTI TY and NOTATI ON

identifies the application to be used
for processing datain a given format
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* Four types of element definitions

Element Definitions

Parsed Character Data

no content - EMPTY ¢
only text content, no child elements - ( #PCDATA)

only child elements, no text content - requires a content model
any content - ANY

 Element content models

typically a sequence of child elements separated by commas
gpecial characters indicate the number of occurrences allowed

e ?meansOor1,* meansO or more, + means 1 or more, defaultis 1
example: (a*, b+, c?, (d| e))

» gspecifies 0 or more a elements, followed by one or more b elements,
followed by O or 1 ¢ elements, followed by oned or e element
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Attributes

o Tentypesof attribute definitions

enumerated - list of allowed values; example: (r ed| gr een| bl ue)
CDATA - any characters
NMTCOKEN - only characters allowed in “name tokens’

 letters, digits, underscore, hyphen, period and colon; begin with aletter
NMTOKENS - awhite space-separated list of NMTIOKEN values

| D - unique identifier for the element within the XML document

| DREF - refers to another element within the same XML document

| DREFS - awhite space-separated list of | DREF values

ENTI TY - refers to an unparsed external entity such as an imagefile
ENTI Tl ES - awhite space-separated list of ENTI TY values
NOTATI ON - identifies the data format of an unparsed external entity

 Attributes can be required (#REQUI RED),
optional (#! MPLI ED) or have default values
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Example DTD

<I ELEMENT nusi cCol | ecti on (owner, artist*)>
<l ELEMENT artist (nane, cd*)>

<I ELEMENT cd (title, track*)>

<I ELEMENT track (nane, tine?)>

<I ELEMENT name (#PCDATA) >
<I ELEMENT owner (#PCDATA) >
<I ELEMENT ti me (#PCDATA) >
<I ELEMENT title (#PCDATA) >

<I ATTLI ST artist type (group|solo) #REQU RED>

<!l ATTLI ST cd
category (classical|country|jazz]| pop|rock|other) #REQU RED
I mport (true|false) "fal se”
year CDATA #l MPLI ED

>

<I ATTLI ST track sanpleFile ENTITY #l MPLI ED>

<! NOTATI ON np3 SYSTEM "file:///C \utils\np3Pl ayer. exe">
<I NOTATI ON wav SYSTEM "file:///C \utils\wavPl ayer. exe">
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XML Schema

* W3C proposed schema language alternativeto DTDs
— asuperset of the DTD capabilities

— combines the best features of other similar proposals
« XML-Data, XDR, DCD, SOX, DDML
— uses XML syntax instead of aunique syntax like DTDs
« can edit, validate, and transform using standard XML tools

e Created by the W3C XML Schema Working Group

— see XML Schema Part 1: Structures W3C Working Draft 6-May-1999
and XML Schema Part 2: Datatypes W3C Working Draft 6-May-1999
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XML Schema (Cont’ d)

 Some XML Schema improvements over DTDs
— built-in datatypes
 string,bool ean, nunber,dat eTi ne, bi nary (ex. image data), ur i
 integer,decinual,real,date,tine,tinmePeriod
— user-generated datatypes (built-in datatypes with * constraining facets’)
« string supports! engt h (for fixed-length), maxI engt h (for variable-length),
and COBOL -like pictures or Perl-like regular expressions to constrain format
* nunber supports
m nl ncl usi ve, m nExcl usi ve, maxl ncl usi ve and naxExcl usi ve
— integer,deci mal andreal areal nunbers
— limits on number of occurrences of child elements
« m nCccur can be set to anumber (O or more)
« maxQccur can be set to anumber (1 or more) or " ** for unlimited

@ Open Computing | nstitute, Inc. 15 XML



XLink

* Provides greater linking capabilitiesthan HTML
 Any element can serveasalink

no special element, just special attributes

e [eatures

simple links

 unidirectional link to asingle resource (like HTML links)
extended links

* bi-directional link to one or more resources

» can bedefined in aseparate file to allow multiple files to share the link
activate with “user ” (user click) or “aut 0” (when page is |oaded)
show with “r epl ace” (replace current page),
“new’ (display in anew window) or
“enbed” (embed into current page)

custom behaviors when link is activated (ex. sounds and transition effects)
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XLink (Cont’d)

o Extended XLink example

<pl ayer Dat aExt endedLi nk xI| i nk: for m="ext ended"

r= link appears where it
inline="true" < occurs in the document
<pl ayer Dat aLi nk xIink: form="1| ocator"

href ="htt p: ww. nhl . com pl ayers/ G et zky/ t eans. xm "
title="Teans Pl ayed For"/>
<pl ayer Dat aLi nk xIink: form="| ocator"
href ="htt p: ww. nhl . com pl ayer s/ G et zky/ goal s. xm "
title="CGoal Stats"/>
<pl ayer Dat aLi nk xIink: form="| ocator"
href ="htt p: ww. nhl . com pl ayers/ G et zky/ assi sts. xm "
title="Assist Stats”/>
Getzky Data < link text
</ pl ayer Dat aExt endedLi nk>

* Applications which support XLink could
Implement extended links with a popup menu

o Still aworking draft (WD-xlink-19980303)
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X Pointer

* Retrieves asubset of atarget document
without requiring special tags in that document

— can search for certain kinds of elements and
certain occurrences of elements in the target document

— can use multiple XPointers to search the result of a previous search
 Must use with XLink to locate the target document

« Example

— to get win/loss record of the coach of the second team Gretzky played for
href ="htt p: ww. nhl . com pl ayers/ G et zky. xni
#child(2, team).child(1, coach).child(1l, record)"”

o Still aworking draft (WD-xptr-19980303)
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Cascading Style Sheets (CSS)

Separates formatting from content

— beneficial because different style sheets can be used
to customize content for

« different mediatypes such as browser, print, and slide presentation
o different typesof users

Why called “cascading” ?
— formatting rules can come from several places
— thereisacascading order for choosing between conflicting rules

Can be used to format both HTML and XML

TwO specs.
— CSS1 (1996) - well established
— CSS2 (1998) - most applications don’t fully implement this yet
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CSS Rules

o (CSS style sheets are composed of rules

» Each rule contains selectors and properties

— Syntax
» selectorList { propertyList }

— selectorList
» comma-separated list of tag or element names to be styled (and more)
— propertyList
» semicolon-separated list of style properties to be applied
* Properties are applied to all elements
that match the corresponding selector

— and to their descendent elements, if the properties are
inheritable and not overridden by a more specific rule
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Example CSS Style Sheet

* { background:yellow, font-famly:sans-serif } * isthe CSS2 “universal selector”.
owner { display:block; font-size:large; color:red } Assigning inheritable properties
artist { display:block; margin-top: lex } to it affects the entire document,

artist nane { font-size:large; color:green; cursor:hand }

artist gender { display:none }

cd { display:block; border:solid red 1px; padding: 10px; w dth: 500px }

cd title { font-size:nmedium color:blue }

track { display:block }

track name, track tine { font-size:small; color:purple; text-indent:2em}

An*“em” isthe width of alowercase ‘m’ in the current font.
An*“ex” isthe height of alowercase ‘X’ in the current font.
It'sagood ideato specified sizesin terms of em’'sand ex’s
so that they are relative to the current font size.
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2} D% XML Examples, Music, Collection.xml - Microsoft Internet Explorer

Mark Volkmann

Cranberries

=10] x|

Everybody Else Is Doing It, So Why Can't We?
| Still Do 3016
Dreams 4:32
Sunday 330

No Need To Argue
Qde To My Family 4:30
| Can't Be With vou 3:07
Twenty One 3:08

Crow, Sheryl

Globe Sessions, The
My Favarite Mistake 4:06
There Goes The Neighborhood b:02
Riverwide 4:.07
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eXtensible Style Language (XSL)

e Transforms and formats an XML document
— output istext which iscommonly new XML (may be valid HTML)

e Two parts

— treetransformation (REC-xslt-19991116)
« don't have to output all content
 can output content multiple times (useful for atable of contents)
 can output content in adifferent order (specific or sorted order)
 can add new data and structure (parent/child relationships)
 can create anew version of adocument that conformsto adifferent DTD
» XPath (REC-xpath-19991116) defines syntax for selecting nodes
— acommon-syntax for X Pointer and X SL
— formatting (WD-xsl-19990421)
« aworking draft
» creates aresult tree whose nodes are “ X SL formatting objects’
» not well supported yet; can output HTML formatted with inline CSS for now
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XSL Style Sheet Content

Uses XML syntax, CSS doesn't

— can edit, validate, and transform using standard XML tools

XSL style sheets are composed of templates

Each template contains
— apattern to be matched
— the formatting objects to be output

Two basic approaches

— template-driven

» reliesprimarily on procedural traversal of contents using
<xsl:if> <xsl:for-each>and<xsl: choose> constructs

» typicaly resultsin fewer templates that tend to be larger
— data-driven

* relies primarily on pattern matching

o typically results in more templates that tend to be smaller
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ONO,

Many Ways To Apply XSL

Client

Web
Server

browser
with XSL

XML document

processor <

XSL style sheet

browser [«

HTML document

XML document

XSL style sheet

browser

XSL processor
serviet

T

Y

HTML document

Batch

Example Tools

* Microsoft |IE5

e XT from James Clark

* |BM XML Enabler servlet

Processing

batch application

Y

XML document

XSL style sheet

XSL processor

Java Servlet

JDBC

ResultSet |«

browser |«

HTML document

€

XSL processor [«
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Data
Server

database

could also use EJB
on application server
to access database
from serviet
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Data-Driven XSL Example

(generates same output as CSS example)

1999/ XSL/ Tr ansf or min latest spec.
<?xm version="1.0"7?> A

<xsl :styl esheet xm ns:xsl="http://ww. w3. org/ TR/ \D- xs| ">

"/ " matches document root;

<xsl:tenplate match="/"> <«— . .
ks must have one template like this

<htnm >
<body styl e="background: yell ow,; font-fam|ly:sans-serif">
<xsl :appl y-tenpl ates select="coll ection"/>
</ body>
</htm >
</ xsl :tenpl at e>

<xsl:tenplate match="col |l ecti on">
<div style="font-size:large; color:red">
<xsl : val ue- of sel ect="owner"/>
</ div>
<xsl :apply-tenplates select="artist"/>
</ xsl : tenpl at e>
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Data-Driven XSL Example (Cont’ d)

<xsl:tenplate match="artist">
<di v style="margin-top: lent >
<div style="font-size:large; color:green; cursor:hand">
<xsl : val ue-of sel ect="nane"/>
</ div>
</ div>
<xsl :apply-tenpl ates sel ect="cd"/>
</ xsl :tenpl at e>

<xsl:tenplate match="cd">
<div style="border:solid red 1px; padding: 10px; w dth: 500px" >
<div style="font-size: medium color:blue">
<xsl :val ue-of select="title"/>

</ div>
<xsl : appl y-tenpl ates sel ect="track"/>
</ div>

</ xsl : tenpl at e>
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Data-Driven XSL Example (Cont’ d)

<xsl:tenplate match="track">
<div style="font-size:small; color:purple; text-indent:2en>
<xsl : val ue- of sel ect="nane"/>
<xsl :val ue-of select="tinme"/>
</ div>
</ xsl :tenpl at e>

</ xsl :styl esheet >
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Simple API for XML (SAX)

Event-driven method of processing XML documents
— doesn’t create a data structure representing the parsed document
— generates events during parsing for which applications can listen

An interface or API, not an implementation
— many implementations exist
— any implementation can be used without making code changes

Developed by

— David Megginson and members of the xml-dev mailing list

Not a W3C standard
— but supported by most XML processors
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When Is It Useful ?

* \When data can be processed in the order in which
It appears

— if apiece of data can’t be processed until some subsequent data is parsed
then it must be stored in memory

» putsthe burden of creating a data structure on the devel oper

* \When the entire document does not have to be parsed
to begin processing
— more efficient

* \When the document being parsed islarge
and only some of the datais needed

— no sense storing data that will never be used in a data structure

 \When a new document will not be created
from the parsed document
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SAX Events

e Setting of Locator

— used to get current line and column number for each subsequent event
o Start and end of document

o Start and end of each element
o End of each processing instruction | for applications that processthe XML data

 End of each run of character data

— what constitutesa“run” of characters isimplementation dependent
 could break on any whitespace or be the entire node value
« al the characters will be from the same node

« End of all ignorable whitespace

— multiple consecutive whitespace characters that may not be preserved
— whitespace not in a CDATA section (similar to HTML <pr e> tag)
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Listening For SAX Events

* Createa“handler” classthat implements
DocumentHandler or extends HandlerBase

— thislistensfor SAX events

— HandlerBase is a class that implements DocumentHandler
with empty methods

o Setup steps
— create a SAX Parser object to parse XML documents

— createa“handler” object to receive the events from the SAX parser

— passthe “handler” object to theset Docunent Handl er method
of the SAX Parser

— tell the parser to parse a specific XML document

* Appropriate methods in the DocumentHandler object will
be invoked by the Parser asit parses an XML document
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org.xml.sax Package

(interfaces are in italics)

| nputSource

applications pass
these to Parser

R B com.sun.xml.parser.
Locator Parser < ValidatingParser

from Sun's Project X implementation

1 1 1 1
DocumentHandler | | DTDHandler | | EntityResolver | | ErrorHandler
A Y g A
AttributeList S

HandlerBase
Parser passes these to — -
DocumentHandler applicationstypically
extend this

when the start tag of
an element is parsed
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SAX Example

I mport com sun. xni. parser. *; This prints the name of al artists
I mport java.lo.*;

mport org. xn . sax. *: In an XML music collection.

public class SAXExanpl e extends Handl er Base {
private String current El enent Nane;
private String previ ousEl enment Nane;

public static void main(String[] args) throws Exception {
if (args.length !'= 1) {
Systemerr.println("Usage: java SAXExanple fil enane");
Systemexit(1);

Par ser parser = new ValidatingParser(true); // true neans to validate
par ser. set Docunent Handl er (new SAXExanple()); // this class

| nput Sour ce source = Resol ver. creat el nput Source(new File(args[0]));
par ser. parse(source);
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SAX Example (Cont’ d)

public void startEl enent(String nanme, AttributeList atts) {
pr evi ousEl enent Name = current El enent Nane;
current El ement Nane = nane;

public void characters(char[] ch, int start, int Iength) {
[l Print the content of every "nanme" el enent
/[l this is a child of an "artist" el enent.
if ("artist".equal s(previ ouskl enent Nane) &&
"nanme". equal s(current El ement Nane)) {
String content = String.valueO (ch, start, |ength);
System out. println(content);

public void endDocunent () {
/'l Processing which cannot begin until parsing has conpl eted
/1 should be initiated here.
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Document Object Model (DOM)

« Datastructure-driven method of processing
XML documents

— more complex and more capable than SAX _
) IBM’s xml4j parser can
» can add, modify, and delete content generate SAX events AND
« can create new documents Create a data structure

— creates a data structure representing the parsed document
— doesn't generate events during parsing

* Aninterface or API, not an implementation
— many implementations exist
— any implementation can be used without making code changes

e Developed by the W3C

e A WSC standard
— supported by most XML processors
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Document Object Model (Cont'd)

» Creates atree data structure representing
the parsed XML document that can be
traversed in any order, any number of times

— SAX only allows XML datato be processed
asitisparsed, inthe order it is parsed
(unless you create your own data structure)
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org.w3c.dom Package

(interfaces are in italics)
NodeL.ist *! Node X NamedNodeMap
/\
Attr Processinglnstruction
CharacterData | | Element Notation
Text | | Comment Entity EntityReference
CDATASection DocumentType Document | | DOMImplementation
Iy g
DocumentFragment S -
: com.sun.xml.tree.
DOMException XmlDocument

@ Open Computing I nstitute, Inc.

38

from Sun's Project X implementation

XML




DOM Example

i nport com sun. xn . tree. Xm Docunent ; This creates an XML

inport java.io.FileWiter; . llecti d t
i nport java.io.l OExcepti on; MmusiC CollecCtion document.

i mport org.w3c.dom *;

public class DOMCreate {

SYSTEM id

public static void main(String[] args) {
Xm Docunent doc = new Xnl Docunent () ;
doc. set Doctype(null, "nusicCollection.dtd", null),; <€«—
no PUBLICid no internal subset
El enent nusi cCol | ecti onEl enent =
doc. creat eEl enent (" nmusi cCol | ection");
doc. appendChi | d( musi cCol | ecti onEl enent) ;

causes a document type
declaration to be generated

root e ement

adding text as the content
of an element requires
creation of atext node

El enent owner El ement = doc. cr eat eEl enent (" owner") ;
owner El enent . appendChi | d(doc. cr eat eText Node( " Mar k Vol kmann")); <«——
nmusi cCol | ecti onEl enent . appendChi | d( owner El enent ) ;

» conformance to the DTD is not checked while tree nodes are added, modified, and deleted
* itisonly checked when an existing XML document text fileis parsed
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DOM Example (Cont’ d)

El enent artistEl enent = doc.createEl enent("artist");
artistEl enent.setAttribute("type", "solo");
artistEl enent.setAttribute("vocals", "female");
El enent naneEl ement = doc. creat eEl enent (" nanme") ;
nameEl ement . appendChi | d
(doc. creat eText Node( " Sarah McLachl an"));
arti st El enent. appendChi | d( naneEl enent) ;
nmusi cCol | ecti onEl enent . appendChi | d(arti st El enent) ;

[/ Qutput the XM. docunent.
try {

FileWiter fw= new FileWiter The Output
(" NewCol | ection. xm"); _ _
doc. wite(fw, "UTF-8"): <?xm version="1.0" encodi ng="UTF-8"?>
fw.close(); <! DOCTYPE nusi cCol | ecti on
} catch (1 CException ioe) { SYSTEM ' nusi cCol | ection. dtd' >
Systemerr.println(ioe);
} <mnusi cCol | ecti on>
} <owner >Mar k Vol knann</ owner >
<artist type="solo" vocal s="fenmal e">
} <nane>Sar ah McLachl an</ name>
</artist>
</ musi cCol | ecti on>
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