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Goals

* Understand the deficits of Document Type Definitions
* Understand the goals of XML Schema

* Learn basic XML Schema elements

* Learn to design flexible schemas

* Limits of XML Schema, e.g. with respect to JOF modelling

XML Schema pushes the limits on what a validating parser can do with respect to
making sure that a certamn instance complies to a specific document type. This fits
nicely to growing industry efforts to standardize data exchange or production
workflows using XML documents. In this context it is vital that all partners agree on
how a compliant document looks.



The deticits of DTDs

+ Not in XML syntax, requires special parsing.

« No way to validate content of elements. Little support for validating attributes
« No namespace support if e.g. parts of different DTDs should be combined

+ No defimtion of new types based on existing types



Example: Deficits of DTDs

=|Element st .....) = =|-this iz not ZIL syntax: new APz and tools are needed to read it —

=|Element list (entrset) = <l—what if wou need EXACTLY 56 entries? —

=<|Elernent roylist (entry+, special) = =l—what if won want a newr type of list elerent which i1z like  list™ onby with
sornething roore? Can yon, derTve™ the new type or do o have to coper the content model? =

=|Elernent wshn (FPCDATA) = <I- Von cannot express that the [SBN muraber iz always 10 long, dovided into 4 blocks
of 1,3,5and 1 eachetc. (0-123-12345-1) =

=|Element country (8PCDATA) = =<l—would wou like to restrict the contert to the official country narees only
(erumeration) —

To be fair: those demands come mostly from data-centric applications. The advantage of
XML-Schema for regular authors 1s much less clear.




Validation 1n Parser vs. Application

: Elerment structure Dioomrrences, special data types and patterns,
With DTDs sitnple attribute fonmats context dependent things

With XML Element and attribute content walidation, pattemms,| | context dependent things,
restrictions, subfypes ste. wery special forrmats

Schema

Parser Application

XML Schema increases ways for a parser to check conformance of instances due to
better data types and a more specific element structure declaration (e.g. how many times
¢lement X has to show up in a ¢ertain location)




Element Content Validation

DTD (classic)

=Element zipoode (HPCDAT &)=
instance =zipeode= foohar <lzpeode=
XML Schema
=xsd:elerment narne=, zipeode™ trpe=, xsd:de cirnal =

mstance

=zipeode= 12345 =fzpeode=

The classic dtd approach 1s unable to restrict the content of the element ,,zipcode™ to
decimal numbers only. XML Schema can express that constraint and the parser will
check the instance if it conforms to the specification




hase data

Tpes

Data Types and Restrictions (facets)

xsd:string xed:date

1sd:time

=yadelement narne=, color =

=<xed:simpleTvpe=

=<usd restriction base=_ xed:strng™=
=yadenumeration=, red” =
=xsd ermmeration=, green’=

<lsd restriction=

<hed:simplaType=

=fi=d:ele ment=

1mdhoolean

1sd:decimal

!

=xsd:element narne=, zipeods™=

=yed:sitnpleType=

=yad restriction base=, xsd:decimal =
=xsd totalDigite= 5=

=<hsd restriction=

=hed:simple T ype=

=fuad:ele ment=

XML provides basic data types for numbers, strings, data, time, boolean, urls ete. Users

can base their own types on those default or built in types by restricting the possible
values those types can take. Possible restrictions depend on the base type.




Frequently used restrictions

« enumeration (e.g. available colors)

« pattern (some value based on regular expressions: [a-Z]

« minlnclusive, maxInclusive (a range of possible values)
« minExclusive, maxExclusive (a range of possible values)
« minLength, maxLength, length

« totalDigits, fractionDigits

« whiteSpace (deals with tabs, newlnes, CRs etc.)

Please look at the specific base data type to find which restrictions (also called
facets) are possible in this case




Example: enumeration (from JDF)

<xad: simp leType name="eldppli "=

<xzgd: restriction base="xsd:NMTOEEN">-
<xsd: emumeration walue="Unknowm™ />
<xsd:ermmeration wvalue="Mac™ />
<xad: enumeration walue="Windows" />
<xad: enumeration walue="Linux"™ />
<xzd:enumeration walue="3olaris"/>
<xed:emumeration wvalue="IRIX" /-
<xgd: emameration walue="DG Ux"/>
<xad: emmeration walue="HP_TK" />

<i¥sd:irestriction-

</uzdisinpleTypes

This type of enumeration oceurs very often in industry schemas. JDF is literally riddled
with such definitions. The advantage: the parser can easily detect misspellings or new
¢lements. The disadvantage: a new clement of the enumeration 1s a schema change!




Specity content: string data type

xsd:string (content contains a character string)

Eestrictions:
-ertneration
length
-tnaxl ength
-pattern

-whiteSpace

pattern examples: xs:pattern =, here goes pattern®
[abe] = can contain either a or bor ¢
[a-zA-Z] [a-zA-Z] = can contain 2 lowercase or uppercase letters

»~foolbar = can contam either ,,foo* or ,bar”




Specity content: date/time data types

xsd:date (CCYY-MM-DD format is required)
xsd:time (HH-MM-55)
xsd:dateTime (CCYY-MM-DDT HH-MM-55) (a good timestamp!)

xsd:duration

Without those data types the handling of mternational dates and times becomes very
tedious and error prone: 11/02/2002 could be November 2™ or February 11t of 2002.
Of course you are always free to build your own date and time elements with possibly
month, day, year, century elements ete. But all the convenient restrictions (e.g.

starting dates, periods ete.) work only with the standard data types which parsers
know.




Specity content: numeric data types

xsd:decimal

xsd:inte ger

xsd:byte

xsd:long

xsd:mt

xsd:negativeInte ger, nonNegativelnte ger, positivelnteger ete.
xsd:unsignedInt,Long,Short ete.

Technical schemas have most datatypes available. Most of the data types are themselves
derived from xsd:decimal




Element Structure Validation

DTD (classic)

=Eletrent container (Ttera®) =
=Element item (HPCDATE) =
Instance
=container==item= foo </fitern==lcontainer=
XML Schema
=yedicorplexT ype narne=, container™=
=xsd:sequence=
=xsdelement rarme= iterm”™  type=,xedsting” minCeours=, 2% =
=fead:zequence=<lusd: corple x T ype=
Instance
=containere= <itern=foo=/tern==itern=har=/itern==<lcontainere=

The classic dtd approach 1s unable to express the number of occurrences of a child
¢lement except through repetition. XML Schema can express that constraint and the
parser will check the instance if it contains the required number of ,item* elements.




XSD Simple Types

<xsd:element name=, firstName" type=,xsd:string"/>

An Element without child elements AND wathout attributes 1s a so called
simple ¢lement. It represents a leaf node in the document graph.




XSD Complex Types

=xsdicomplexT vpe narne=_ cat*=
=xsd seuence=
=xsdielerment narne=_wheel” type=_xsdstring” minOccurs= 4% 1=
=uedielerment narme=, engine™ type=_xed:string” minCecars=1" =
=xsdielement narne=_ roof™  type= xsdistring” =
=fyad:zequence=

=xsd:attnbute name=, prodlD™ type= sedidecimal™ =

=feed:cormple xType=

This car element contains three children which have to appear in exactly this
order in the instance. It also has one attribute — a decimal product identification.




Deriving Complex Types

=xsd:complexT vpe natme=, car*=
<yad sequance=
=xsdielernent narne=_wheel” type=_xsdstring” minOcours= 4% =
=xsdielernent narme=_engine™ type=_xsdstring” minCecurs=1% =
=xsdelerment narne=, roof™  type=, xedstang” =
<lsd zequence=
=xsd:attribute name=, prodlD type= seddecimal™ =
=hed:comple T ype=
ZxsdcomplexTvpe narme=_ truck™=
=xsd:complexContent=
=yad-extension hase=_ car™=
=xsd:elernent narne= trailer™ type=, xsdsting” rinCecurs= 0% =
=frad: e xtension=
=xsd:complexContent=

=heed:complexT ype=

Another complex type can be based on an existing type and extended with
further ¢lements and attnibutes




XSD attributes

=xsd:attribute name=,_prodID* type=,xsd:decimal* use=,optional“/=
{default)

=xsd:attribute name=,prodID* type=,xsd:decimal® use= required*/=
{instance needs to set attribute)

<xsd:attribute name=,prodID“ type=,xsd:decimal* default=,4711%/>
(will be used if instance does NOT specify attribute value)

<xsd:attribute name=,prodID* type=,xsd:decimal* fixed=,1122%/>
(instance does not need to set attribute value because it will be set to 1122

by default.)

»Optional® is the default mode for all attributes. ,,Fixed™ is very useful to
propagate certain attribute values into instances without requiring the author to
type them in. ,.Required” will create an error if the attribute value is not set.




Element or Attribute?

* Elements are always extensible (e.g. new children)

« Attributes are always of type simple and cannot acquire a more
complicated structure

+ Certain applications or processors may expect some data in attributed
and others in element content.

Religious wars have been fought over the question whether one should use elements or
attributes to keep content. Both are perfectly legal ways but from an extensibility pomnt of
view e¢lements are more flexible because they can extend their internal structure while
attributes cannot. A good rule of thumb is also: if it is meta-information about the
elements and their contents then it is an attribute. Or: if an attribute is deleted and the
document loses significant content, then the attribute should probably be an clement




Referring to Types

=xsdielerment narme= burgperCar™ type= car™=
=xsdcomplexTvpe name=, car™=
=xsdiseguence=
=uedeelernent nare=, wheel” type=_xedstring” minCeccurs=, 4" =
=xsdielerment nare=, engine™ type=_xsd:string” minCOeccurs= 1% =
=xsdelerment narne=, root™  fype=, xedistang” =
=fyad:zequence=

<usdattribute narme=, prodlD type=_zedidecimal™ =

=lsd:cornple X Type=

Here element bumperCar refers to ,,car” as its type definition. An element
~bumpercar needs to contain exactly the same children as specified for type
._,,Cﬂr“




Context Dependent Validation

XML Schema
. 1
=xsdcormplextype nare=, container™= Rule: if zipcode ==
=ysdsequence= rnCocurs ==
=ysd:element name=, item”  type=,sdstring” nﬁn@ccm@b THIZ I HOT
POSSIBLE!

=frad:zequence=

=yadelement narne=, trpe=, sd:de cirnal /=

Imstance

=zipeode= 12345 =fzpeode=

=rontainer> <iter=foo=/tem==<item=har</item>==/contaner=

Even XML Schema cannot validate context dependent values. This was e.g. a
problem for JDF. In those cases the processing applications are extended to check
such dependencies.




XML Schema goals

« XML syntax only

* Element Type definitions and reusable type definitions
* Strong data typing with derived types

* Re-use through reference of elements

* Content validation of element and attribute content

XML Schema pushes the limits on what a validating parser can do with respect to
making sure that a certamn instance complies to a specific document type. This fits
nicely to growing industry efforts to standardize data exchange or production
workflows using XML documents. In this context it is vital that all partners agree on
how a compliant document looks.



Formal parts of XML Schema

cartche ma. xsd:

<¢xrnl version=,,1 0% encoding= TUTF-2%1=
=xsd:scherna s xed= hitpo e w3 org2001 W LEcherna =

=xadelement cars......

=k schera=

carlnstatce. mnl

=fxral wersion=,,] 0% encoding=, TTE-8%"=
=cars xralne:wei= httpelhenang w3 org2001E L Sche ma-imstance™

w1 Schemal ocatinn=http Sheenar cars comicar Schetna=

=...F

=[cars=

XMILSchema is the namespace for schema elements. ,xsd:* refers to this namespace. The

prefix can be changed through the xmlns:xxxx attribute in case of conflicts.




XML namespaces: the problem

FIIL scherma OHE:
=xsdelement name=,,f_q|_:|: type=, car® =

FIL schema Thao:

=xsdielemment narme=_ foo® type= bhook™ 1=

\/

=raontalner=

=fon=

=ffon=

=foo=

=ffoo=

=Jeortaiher=

ZIWIL Instance using BOTH foo elerments:

<wheels=. .. =hrheels=

=daors=... =idaors=

=[5BH=... <[5BH=
=pageCounts .. <fpageCoumt=

XMI namespaces.

XML Authors can pick any name they want for their elements. Thus the danger of
name collisions exists. How would the parser vahdate the mstance above? It does not
know WHICH foo youmean! A mechanism to disambiguate the elements is needed:




XML namespaces: the solution

FIIL scherma OHE:
<usdielement narne=_ foo® type=_car™ =

ZWIL schema Two:
=xsdielemment narme=_ foo® type= bhook™ 1=

=rar:foo=

=jfon=

=hook foo=

ZIWIL Instance nsing BOTH foo elernents:
=container xxodns car=, hitpolhanaar cars cormrar Scherna™

wnlns book=_httpifeena books corbookSchema®™=

=wheels= .. <hxheels=

=doors=... =idoors=

<[5BH=
=pageCount=. . <fpageCount=

=Jjfon= =fcontainer=

The namespace prefixes are used to distinguish the elements with the same name.
BTW: the namespace for jdf is: hitp://www.CIP4.org/TDFSchema 1




JDF instances (examples 1)

Thiz iz a =simple example of a JDF that describes color conwversion for
one f£ile.

<7xml wersion='l.0' encoding='utf-3' 2>

<JDF ID="HDMZ000110110Z6ll™ Type="Color3paceConversion™
JobID="HDMZ0001101102611"

Jtatus="waiting™ Version="1.0">

<!=={c) Heidelberger Druckmaschinen AG 1999-Z000-->-
<!==Tarning: preliminary format; use at your own risk---
<NodeInfo />

<RezourcePoolz

LEunlist ID="Link0003" Class="Parameter”™ Status="awvailable™>
<Burc-

<RBunfeparation Pages="0--1">

<LayoutEl ement>

<Filefpec FileName="in/colortest.pdf”™ /=

< /LayoutE lement>

< /Runieparati o=

< /Pun

< Runlists



JDF schema (examples 1)

<finuditPool>-

<Created tuthor="Rainer's JDFWriter 0.zZ000"
Timeltanp="2000-11-01T10: 26:114+01:007 />

<Modified Author="EatcJDF Complete: task=+*"
Timeltawp="2000-11-01T10: 26: 57401 :007 /=

<PhaseTine End="2000-11-01T10:Z6: 57+01:00"
Start="2000-11-01T10: Z6:57401:007

Status=""setup” Time3tawp="2000-11-01T10:26:574+01: 00" =
<PhaseTine End="2000-11-01T10:Z6: 57+01:00"
Start="2000-11-01T10: 25:57401:00

Jrtatus="in progress” Timeitamp="2000-11-01T10:=6: 574+01:00% /=
<PhaseTine End="Z000-11-01T10:26: 574+0L1:00"
Start="2000-11-01T10: 26: 57401 :00"

Jtatus="cleanup”™ Timelitanp=""z2000-11-01T10:Z6: 57401:00 />
<ProcessRun End="Z2000-11-01T10:26:574+01:00"
Start="2000-11-01T10: 26: 57401 :00"

Enditatus="Coupleted” Time3tamp="Z2000-11-01TLlO:Z&:57401:007 />

<ShudicPool=

Note the use of xsd:date Time basic data type with timezone (+1)




JDF schema (examples 2)

<x5d: sinpleType name="eNodeitatus "=
<xzd: annotations

<xsd: docunmentations JDF:: 3tatus, T3.3
</waddocunentati ons

</wsd:annotations

<xzd:restriction base="xsd:NMTOEEN">-
<xad: enumeration walue="Taiting™/>
<xad: enumeration walue="Ready" /-
<xad: enumeration wvalue="FailedTestRun"™/ -
<xad: enumeration walue="5Setup” /-
<xsd: enumeration walue="InProgresz"/ >
<xad: enumeration walue="Cleanup”™/>
<xad: enmumeration wvalue="J3pawned’” />
<xad: enumeration walue="3topped” />
<xsd: enumeration walue="Conpleted™ />
<xzd: enmumeration wvalue="Aborted” />
<xsd: ehumeration walue="Pool"™ />

</¥edirestriction>

<fxad:zinpleTypes

Compare the status values from the audit records with these enumerations!




Next Session

* Advanced concepts: extensions, qualifications, namespaces
* how to design a schema

« examples from JDF

Please read the JDF related documentation on www. ¢ipd. org!




Resources (1)

Graham Mann, XML Schema for Job Defimtion Format
XML Schema Part 0: Primer, www.w3.org/TR/schema-0

JDF instance examples from www.coverpages.org/jdf30-
Examples.txt

xml schema tutonal,
www.w3schools.com/schema/default.asp

http://www.xfront.com/index html#tutorials hosts
excellent XSD and XSL tutonals from Roger Costello.



