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Preface

Status of this document Thisis a working draft of the specificationbeingdeveloped
within theJaraCommunityProces$or JSR-31 XML DataBinding It is beingpublished
alongwith thefirst public early-accesseleaseof Sun's JAXB implementatiorin order
to aid in theuseandevaluationof thatrelease.

Thisdraftis knownto beincomplete.lt is notsuitablefor citationasanauthoritatve
referenceijt shouldonly becitedasawork in progress.

The JSR-31Expert Group reseresthe right to make substan-
tial changego this draft in futur erevisions. The Expert Group
makesno commitment asto whether the final specificationwill
bear any resemblenceo this draft. The Expert Group will not
permit early applications or implementations of this draft to
constrain the changesthat it may make in futur e revisions.

The publicationof this draft shouldnot beinterpretecasanendorsemensf this version
of thespecificatiorby any particularmembetrof theexpertgroup. Somememberof the
expertgrouphave chosemotto endorsehis draft.

How to comment on thisdocument Pleasesendcommentwia e-mail,in plain ASCII,
to jaxb-feedbak@java.sun.com Pleasedo not sendan annotatedsersionof this PDF
file, aswe do not have readyaccesgo softwarefor readingsuchannotations.
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1.1

Intr oduction

XML is, essentiallya platform-independemheanf structuringinformation. An XML
documents atreeof elements An elementmay have a setof attributes in the form of
key-valuepairs,andmay containotherelementstext, or a mixturethereof. An element
may refer to other elementsvia identifier attributes, therebyallowing arbitrary graph
structuredo berepresented.

An XML documenneednotfollow arny rulesbeyondthe well-formednessgriteria
laid out in the XML 1.0 specification. To exchangedocumentsn a meaningfulway,
however, requiresthat their structureand contentbe describedand constrainedso that
the variouspartiesinvolvedwill interpretthemcorrectlyandconsistently This canbe
accomplishedhroughthe useof a shema A schemeacontainsa setof rulesthatcon-
strainghestructureandconteniof adocumentscomponents,e., its elementsattributes,
andtext. A schemalsodescribesatleastinformally andoftenimplicitly, the intended
conceptuameaningof adocuments componentsA schemas, in otherwords,a spec-
ification of the syntaxandsemanticf a (potentiallyinfinite) setof XML documents.
A documentis saidto be valid with respecto a schemaf, andonly if, it satisfieshe
constraintspecifiedn theschema.

In whatlanguageare schemaswritten? The XML specificationitself describesa
sublanguagéor writing document-typelefinitions or DTDs. Schemaswritten in this
languageare by far the most commonas of this writing. As schemagyo, however,
DTDs arefairly weak. They supportthe definition of simple constraintson structure
andcontent,but provide no realfacility for expressingdatatyper comple structural
relationshipsThesealeficienciehiave motivatedproposal$o adddatatypenformationto
DTDs,suchastheDT4DTD datatype-annotatiotonventions.They have alsoprompted
thecreatiorof moresophisticatedchemdanguagesuchasXDR,SOX, RELAX, TREX,
and,mostsignificantly the XML Schemdanguageecentlydefinedby the World Wide
Web Consortium.This specificatiomaimsto supportboth DTDs anda simplesubsebf
the W3C XML Schemdanguage.

Data binding

Any nontrivial applicationof XML will, then,bebasedipononeormoreschemasandwill
involve one or more programghat create consumeand manipulatedocumentavhose
syntaxandsemanticsare governedby thoseschemas.While it is certainly possibleto
write suchprogramsusingthelow-level SAX parserAPI or the someavhathigherlevel
DOM parse-treéd\PI, doingsois likely to betediousanderrorprone. Theresultingcode
is alsolik ely to containmary redundanciethatwill make it difficult to maintainasbugs
arefixedandasthe schemagvolve.

It wouldbemucheasieto write XML-enabledprogramsf we couldsimply mapthe
componentsf anXML documento in-memoryobjectghatrepresentin anobviousand
usefulway, the document intendedmeaningaccordingto its schema.Of whatclasses
shouldtheseobjectsbeinstances™ somecasesherewill beanobviousmappingfrom
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schemacomponentdo existing classesgspeciallyfor commontypessuchasStri ng,
Dat e, Vect or, andsoforth. In general however, classespecificto the schemabeing
usedwill berequired.Ratheithanburdendeveloperswith havingtowritetheseclassesve
cangeneratehe classeglirectly from the schematherebycreatinga Java-level binding
of theschema.

An XML data-bindingfacility thereforecontainsaschemacompilerthatbindscom-
ponentf aninputschemdo derivedclassesEachclassprovidesaccesgo thecontent
of the correspondingschemacomponentia a setof JaszaBeans-styleaccesqi.e., get
andset ) methods. Sucha facility also providesa binding frameavork, a runtime API
that,in conjunctionwith thederived classessupportghreeprimaryoperations:

e Theunmashallingof anXML documentnto atreeof interrelatednstances
of bothexistingandschema-deviedclasses,

e Themarshallingof suchcontenttreesbackinto XML documentsand

e The validation of contenttreesagainstthe constraintsexpressedn the
schema.

TheunmarshallingprocesshecksancomingXML documentgor validity with respecto
theschemaSimilarly, thecompilergeneratesodeinto thederivedclasseso enforcethe
constraintexpressedn the schemasomeof theseconstraintsnay alwaysbeenforced,
while otheranayonly bechecleduponexplicit request.Themarshallingoroces®perates
only uponvalid contenttrees therebyensuringthatonly valid documentsregenerated.

Schemacompile Classes
o G
& 2
unmarshal .
Document Objects

marshal

To sumup: Schemaglescribethe structureand meaningof an XML document,in
much the sameway that a classdescribesan objectin a program. To work with an
XML documenin a programwe would like to mapits componentslirectly to a setof
objectsthat reflectthe document meaningaccordingto its schema.We canachieve
this by compiling the schemainto a setof derived classeghat handleall the details
of marshallingand unmarshallingand also ensurethat only valid documentswill be
producedandconsumedDatabindingthusallows XML-enabledprogramgo bewritten
atthe sameconceptualevel asthe documentghey manipulateyatherthanat the more
primitive level of parsereventsor parsetrees.
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1.2 Goals

This specificationaims to describean XML data-bindingfacility with the following
generabroperties:

e Beeasyto use It shouldbepossiblefor adeveloperwho knowslittle about
XML to compilea simpleschemandimmediatelystartmakinguseof the
classeshatareproduced.

e BecustomizableSophisticatecpplicationssometimesequirefine control
overthestructureandcontentof schema-deviedclassesbhothfor theirown
purposesandfor thatof copingwith schemaevolution.

e Befastandlean It shouldbepracticalto usethefacility for processingery
largedocumentslt shouldalsowork well in resource-limitedlevices.

e SupporDTDsandW3CXML Sthema Thefirst versionof thisspecification
shouldsupportheDTD sublanguagef XML 1.0,theschemdanguagehat
is mostwidely usedioday alongwith theDT4DTD datatypecornventions.It
is highly desirablehatit alsosupportasimplesubsebf W3C XML Schema.
Futureversionanayaddmorecompletesupportfor W3C XML Schemaas
well assupportfor otherschemdanguages.

Thederivedclasseproducedoy the schemacompilershould,morespecifically

e Be natural. Insofar aspossible,derved classeshouldobsere standard
Java APl designguidelinesandnamingcorventions.If new corventionsare
requiredthenthey shouldmeshwell with existing corventions.A developer
shouldnot be astonisheavhentrying to usea derivedclass.

e Matchtheconceptualevelofthesourceschema It shouldbestraightforvard
to examineary content-bearingomponenbf thesaurceschemandidentify
thecorrespondingava languageconstructin thederivedclasses.

e Hide all the plumbing All the detailsof unmarshallingmarshalling,and
validationshouldbecompletelyencapsulatedithin thederivedclassesand
theruntimeAPIs uponwhichthey depend.A developershouldnothaveto
think aboutSAX or DOM or ary otherXML-related API in orderto make
useof schema-deviedclasses.

e Beextensible Thecustomizatioomechanismmostfamiliarto Javadevelop-
ersis thatof extendinga classby defininga subclassit shouldbe notonly
possiblebuteasyto extendaderivedclassn orderto addapplication-specific
functionality.
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e Supportserialization Someimportantapplicationsof XML databinding,
e.g., the constructionof Enterprise]JavaBeansmake heary useof the Java
platform’s object-serializatiorfiacility. Derivedclasseshouldmake it easy
to defineserializablesubclasses.

e Supportvalidation on demand While working with a contenttree corre-
spondingto an XML documentit is often necessaryo validatethe tree
againstheconstraintsn thesourceschemalt shouldbepossibleto do this
atary time, withoutfirst marshallingthetreeinto XML.

e Preserveequivalencgroundtripping). If an XML documentcanbe un-
marshalledinto a contenttree then marshallingthat tree should produce
an equvalentXML document.If a contenttree canbe marshallednto a
documenthenunmarshallinghatdocumenshouldproducean equivalent
tree.

Anon-goal Itisnotnecessarforthefacility describedbythisspecificatiortoimplement
every last featureof the schemaanguageghat it supports. More precisely a given
schema-languageatureneednot be implementedf it is not commonlyusedin data-
orientedapplicationsof XML andif supportingit would unduly complicateeitherthis
specificatioror its implementations.

This non-goaldoesnot imply that supportingdocument-orienteépplicationsis
somethingo be avoided;it merelyrecognizeshatsomeschema-languageatureshat
areusedprimarily in suchapplicationglo notalwaysfit well into the context of anXML
data-bindingacility. This specificatiorandits implementationsvill supportdocument-
orientedapplicationsinsofar as doing so doesnot interferewith achievzing the above
goals.

Goals abandoned  Section2.5 of JSR-31describesa general-purposenarshalling
framevorkthatshould

1. Not bespecificto XML, if atall possibleand

2. Beusablégor applicationsotherthanXML databinding,e.g., for the XML-
basedarchving of arbitrary graphsof JavaBeansas ervisionedin JSR-
57: Long-ermPersistencdor JavaBeans

We have abandonethesegoalsin light of experiencegainedin thedevelopmenbf both
this specificatioranda prototypeimplementation.

We abandonedl) becausealefininga completelygeneralmarshallingframewvork
is a very difficult problem. This goal was statedas a desideratunratherthana hard
requirementn JSR-31andachiering it is not necessaryo theachiezementof our other
goals,thereforeit wasdroppedin the interestof finishing this specificationin atimely
manner
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Wepartlyabandone@?) becausé provedimpracticako achiezecompketelywithout
risking theachiezementof severalothergoals. It is certainlypossibleto definean XML-
orientedmarshallingframenork thatis not specificto databinding, andindeedothers
have doneso. A data-bindingfacility baseduponsucha frameavork would, however,
have two significantdravbacks:

e Theruntime APl would be more comple. A general-purpos&ML-based
marshallingramevork mustbeableto work with existing classeshatcannot
be modified,i.e., classeso which self-containedrar shal andunmar shal
methodscannotbe added. It mustthereforesupportthe definition of the
requiredmetadatan someotherform.

e Unmarshalling and marshalling would be lessefficient. In orderto usea
general-purpostramenork it would be necessaryo divorcethe validation
procesdrom the unmarshallingand marshallingprocesses After unmar
shalling a contenttreeit would have to be traversedagainin orderto be
validated. A treewould, similarly, have to be validatedbeforebeingmar
shalled.Work on our prototypeimplementatiorhasshavn thattightly inte-
gratingthesethreeprocessesllows validationto be performedor checled
concurrentlywith bothunmarshallingandmarshalling.

This specificationthereforedescribesa binding framevork ratherthan a marshalling
framework. In principlethebindingframevork asawhole maybe usedseparatelyrom
theothercomponentslescribedn this specificationthoughwe donotexpectsuchusage
to becommon.Theportionof thebindingframenork thatdealsexclusively with reading
andwriting XML documentsdoesresidein a separatgackage however, andwe do
expectthatpackageo be moregenerallyuseful.






2 Architecture

2.1 Overview

Theprimarycomponentsf the XML data-bindingacility describedn thisspecification
aretheschemacompiler the bindingframeawork, andthe bindinglanguage.

e The schemacompiler transforms,or binds a source schemato a set of
derivedclasses As usedin this specificationtheterm schemaincludesthe
document-typealefinitionlanguageof the XML 1.0specification.

e Thebindingframeavorkis a setof public interfacesandclassesiponwhich
derived classegely to implementthe operationsof unmarshallingmar
shalling,andvalidation.

e Thebindinglanguageis anXML-basedlanguagehatdescribeshebinding
of a sourceschemao a setof derived classes.A binding schemawritten
in this languagespecifieghe detailsof the classeslerivedfrom a particular
sourceschema.

Derived classes A contentclassis a classderived from a content-bearingomponent
of the sourceschema. Most, but not all, schema-deved classesare contentclasses.
An elementclassis the commoncaseof a contentclassthat correspondslirectly to
an element-typedeclarationin the sourceschema.A root elementclassis an element
classthatcorrespond$o anelementypewhoseinstancesnay serne asdocumentoots.
Instancef contentclassesre calledcontentobjects instanceof elementclassesre
calledelemenbbjects

A coarse-graineschemaomponentsuchasanelement-typeleclarationis gener
ally boundto acontentclass.A fine-graineccomponentsuchasanattributedeclaration
orasimple(i.e., #PCDATA-only) element-typeleclarationis bounddirectlyto aproperty
within acontentclass.A propertyisrealizedn acontentclassby asetof JazaBeans-style
accesanethods Thesemethodsincludethe usualget andset methodgor retrieving
andmodifying a property’s value;they alsoprovide for the deletionand,if appropriate,
there-initializationof a propertys value.

Propertiesare also usedfor referencegrom one contentobjectto another If an
instanceof a schemacomponenX canoccurwithin, or bereferencedrom, aninstance
of someothercomponenty thenthe contentclassderivedfrom Y will definea property
thatcancontaininstance®f X.

Operations The primary operationssupportedy a setof derved classesarethoseof
unmarshallingmarshallingandvalidation.

e Unmarshallingistheproces®f readinganXML documenandconstructing
a tree of contentobjects. Eachcontentobject correspondglirectly to an
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instancein the input documentof the correspondingschemacomponent,
hencethis contenttreereflectsthe document content.

e Marshallingistheinverseof unmarshalling.e., it istheproces®f traversing
acontenttreeandwriting anXML documenthatreflectsthetrees content.

e \alidation is the processof verifying thatall constraintsexpressedn the
sourceschemeéhold for a givencontenttree. A contenttreeis valid if, and
only if, marshallingthe treewould generatea documenthatis valid with
respecto thesourceschema.

Theunmarshallingprocessncorporateshe validationprocessilf anunmarshallingpp-
erationis successfuthen both the input documentand the resulting contenttree are
guaranteedo be valid. The marshallingprocesspn the otherhand,doesnot actually
performvalidation. Only valid contentreesmaybemarshalledhowever;thisguarantees
thatgeneratedKML documentsrealwaysvalid with respecto the sourceschema.

Unmarshallingis not the only meansby which a contenttree may be created.
Schema-devied contentclasseslsosupportthe programmatiaconstructionof content
treesby directinvocationof the appropriateconstructorandmethods.Oncecreateda
contenttreemay bere-validated eitherin wholeor in part,atary time.

Binding schemas A particularbinding of a given sourceschemais definedby an
auxiliary documentcalled the binding schema Binding schemasare written in the
bindinglanguage, whichisitselfanapplicatiorof XML. Thesetof classeshatconstitute
aparticularbindingis theresultof aprocesshatevaluatesasourceschemaogethemith
a binding schema. The schemacompilerhenceactually requirestwo inputs, a source
schemaandabindingschema.

A binding schemadefinesthoseaspectf a binding that do not follow directly
from thesourceschemalt defineshenamesof thederivedclasseaswell asthenames
andtypesof the methodswithin thoseclasses.It definesthe binding of element-type
declarationgo elementclassesand allows componentof an elementtype’s content
specificatiorto be boundto specificpropertiesn the correspondinglass.It defineshe
bindingof simpleelement-typeleclarationgndattributedeclarationso propertiesn the
appropriateelementclasses.Finally, it providesfor the definition of datacorversions,
constructorsinterfaces andtypesafe-enumeratiariasses.

A bindingschemaneednot defineevery lastdetail of a binding. The schemacom-
piler assumeslefaultbinding declamationsfor thosecomponent®f the sourceschema
thatare not mentionedexplicitly in the binding schema.Default declarationoth re-
ducethe verbosityof a bindingschemaandmake it morerobustto the evolution of the
sourceschemaThedefaultingrulesaresuficiently powerful thatin mary casesusable
bindingcanbe producedwith nobindingschemaatall.
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2.2 Varieties of validation

The constraintexpressedn aschemdall into threegenerakateyories:

e A typeconstaintimposesequirementsiponthe valuesthatmaybe given
to attributesor usedasthe contentof simple,#PCDATA-only elements.

e A local structural constraint imposesequirementsiponevery instanceof
agivenelementype,e.g., thatrequiredattributesaregivenvaluesandthat
acomple elements contentmatchests contentspecification.

e A global structural constaint imposesrequirementsiponan entiredocu-
ment,e.g., thatl Dvaluesareuniqueandthatfor every| DREF attributevalue
thereexistsanelementwith thecorresponding D attribute value.

A documents valid if, andonly if, all of the constraintsexpressedn its schemaare
satisfied. Similarly, a contenttreeis valid if, andonly if, marshallingthe treewould
produceavaliddocumentlt wouldbebothinconvenientandinefficientto havetomarshal
acontentireejustto checkits validity. Hencetheschemaompilermapseachconstraint
in thesourceschemanto oneor moreJavalanguagesonstruct®or codefragmentsvhich
enforceit.

The mannerin which constraintsare enforcedin a setof derved classeshasa
significantimpactupontheusability of thoseclassesAll constraintsould,in principle,
be checled only during unmarshallingandvalidation. This approachwould, however,
yield classeghatviolate thefail-fast principle of API design:Errorsshould,if feasible,
be reportedassoonasthey aredetected.In the contect of schema-devied classesthis
principle ensureghat violations of schemaconstraintsare signalledwhenthey occur
ratherthanlateron whenthey maybe moredifficult to diagnose.

With this principle in mind we seethat schemaconstraintscan, in general,be
enforcedn threeways:

e Staticenforcementeverageghetype systemof the Java programmingdan-
guageto ensureghata schemaconstraints checled at application-compile
time. Type constraintsareoftengoodcandidategor staticenforcementlf
an attribute is constrainedy a schemao have a booleanvalue,e.g., then

theaccessnethoddor thatattribute’s propertycansimply acceptandreturn
valuesof typebool ean.

e Simpledynamicenforcemenperformsa trivial run-time checkandthrows
an appropriateexceptionuponfailure. Type constraintdhat do not easily
map directly to Java classesor primitive typesare bestenforcedin this
way. If anattributeis constrainedo have anintegervaluebetweerzeroand
100,e.g.,, thenthe correspondingropertys accessnethodscanacceptand

11
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returni nt valuesandits mutationmethodcanthrow a run-timeexception
if its agumentis out of range.

e Complexdynamicenforcemenperformsapotentiallycostlyrun-timecheck,
usuallyinvolving morethanone contentobject,andthrows an appropriate
exceptionuponfailure. Local structuralconstraintsareusuallyenforcedn
this way; the structureof a complex elements content,e.g., canin general
only be checled by examiningthe typesof its childrenand ensuringthat
they matchthe schemas contentmodelfor thatelement.Global structural
constraintsmustbe enforcedn this way; theuniquenessf | D values.e.g.,
canonly bechecledby examiningthe entirecontenttree.

It is straightforvardto implementbothstaticandsimpledynamiccheckssoasto satisfy
thefail-fastprinciple. Constraintghatrequirecomplex dynamiccheckscould,in theory
alsobeimplementedoastofail assoonaspossble. Theresultingclassesvouldberather
clumsyto use however, becausét is oftenconvenientto violate structurakconstrainton
atemporarybasiswhile constructingor manipulatinga contenttree.

Considere.g., anelement-typeleclaratiorwhosecontentspecifications verycom-
plex. Supposéhataninstanceof the correspondinglementclassis to be modified,and
thatthe only way to achieve the desiredresultinvolvesa sequencef changesiuring
which the contentspecificatiorwould be violated. If the elementobjectwereto check
continuouslythatits contentis valid thenthe only way to modify the contentwould be
to copy it, modify the copy, andtheninstall the new copy in placeof theold content.lIt
would be muchmorecorvenientto beableto modify thecontentin place.

A similaranalysisapplieso mostothersortsof structurakonstraintsandespecially
to global structuralconstraints.Schema-devied classewill thereforeensurethattype
constraintsalwayshold, will be ableto checkstructuralconstraintsupondemandand
will requirethatall constraintdold beforea contenttreeis marshalled.

2.3 An example

Throughouthis specificationwe will usethefollowing DTD, which describes simple
stocktrade,asarunningexampleto illustratevariousconceptsasthey aredefined.

< ELEMENT trade ( synbol, quantity, linit?, stop? date ) >

<I ATTLI ST trade
account CDATA #REQUI RED
action ( buy | buy-to-cover | sell | sell-short ) #REQU RED
duration ( immediate | day | good-til-canceled ) "day" >

<I ELEMENT synbol (#PCDATA) >
<I ELEMENT quantity (#PCDATA) >
<'ELEMENT |imt (#PCDATA) >

<I ELEMENT stop (#PCDATA) >

<! ELEMENT date (#PCDATA) >
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Thetypeconstraintsn thisDTD are:

e Thevalueoftheact i on attributemustbeeitherbuy, buy-t o- cover,sel |,
orsel | -short,and

e The value of the dur at i on attribute must be eitheri nmedi at e, day, or
good-til-cancel ed.

Thelocal structuralconstraintsn thisDTD are:

e Atrade elementmustcontainasynbol elementfollowedby aquantity
elementpptionallyfollowedbyal i m t elemenbrast op elemenor both,
followedby adat e elementand

e Theaccount andacti on attributesarerequired.

This DTD doesnotdescribeary globalstructuralconstraints.
Hereis adocumenthatis valid with respecto thisDTD:

<trade account="2520034"
action="sel|"
duration="good-til-cancel ed">
<synbol >SUNW/ synbol >
<quant i ty>1000</ quantity>
<limt>35</limt>
<dat €>2001- 2- 26</ dat e>
</trade>

We will revisit this example periodically throughoutthis specification. Appendix D
presentsa completebinding schemaas well as an implementationof the Trade and
TradeBat ch classeshatmightbegeneratedby a schemacompilerthatimplementghis
specification.
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3.1

The binding framework

Thebinding framevork definestheinterfacesandabstractlasseshatareimplemented
andextendedby the contentclasseslerived from a sourceschema.lt alsodefinesthe
interfacesand classeghat implementthe validation, marshalling,and unmarshalling
processes.The framavork is presentecherein overview; its full specificationis in
appendice#\ andB.

Thebindingframenork residesn two packagesThej avax. xnl . mar shal package
definedowerlevel classeshatsupportthe readingandwriting of XML documentghat
arenotnecessarilyalid or evenwell-formed. ThispackagelefinesanXM.Scanner class
for scanningdocumentandan XMW i t er classfor generatinglocumentsSubclasses
of theseclassesanreador write raw bytestreamsgconsumedr createéSAX eventstreams,
or traverseor createDOM parsetrees. Thattheseabstractionslo not guaranteevalidity
or well-formednesss intentional: By relying uponthe unmarshallingandmarshalling
codein dervedclasseso enforcethesepropertiest is possibleto readandwrite XML
documentsnuchmorequickly thanwith morecorventionalapproaches.

Thej avax. xnl . bi nd packagedefineshigherlevel classesandinterfacesthatare
useddirectly by schema-devied contentclasses. The classesval i dat abl e(bj ect ,
Mar shal | abl eQoj ect ,andMar shal | abl eRoot El enent definethecoreunmarshalling,
validation, and marshallinglogic that is sharedby all derived classes. An element
classimplementsthe El enent interface, while a root elementclassimplementsthe
Root El ement interface.

Thejavax. xm . bi nd packagealso definesunmashallers, validators, and mar-
shallers, which areauxiliary objectsthatgoverntheunmarshallingyalidation,andmar
shalling processestespectrely. It definesdispatdiers, which map elementnamesto
elementclassesaswell asclassegor implementingcollectionpropertiesandfor repre-
sentingparsed:haractedata.Finally, it definesarich hierarchyof exceptionclassegor
usewhenscanningerrorsoccut whenconstraintsareviolated,andwhenothertypesof
errorsaredetected.

Validatable objects

Every schema-devied contentclasssupportsvalidationby indirectly extendingthe ab-
stractclassval i dat abl eQbj ect . Thisclassdefineshepublicinstancanethodsaswell
astheinternalstaterequiredfor content-treevalidation:

public abstract class Validatabl e(ject {

public void validateThis()

throws Local Val i dationException;
public void validate(Validator v)

throws StructureValidationException;
public final void validate()

throws StructureValidationException;
public final void invalidate();
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Theval i dat eThi s methodof a validatableobjectmaybeinvokedatary time in order
to checkthat the objectdoesnot violate ary local structuralconstraintsthrowing an
instanceof aLocal Val i dat i onExcept i on subclassiponfailure.

A contenttreemay be validatedby invoking theval i dat e methodof its root ele-
mentobject. This methodcreatesa new validator by instantiatingtheVal i dat or class.
The validator governsthe processof validating the contenttree, seres as a registry
for identifier referencesandensureghat all local andglobal structuralconstraintsare
checledbeforethevalidationprocesss complete.

Thevalidatorinvokeseachobjectsval i dat eThi s method,if necessaryto ensure
thatall local structuralconstraintsare satisfied;an invocationof one of thesemethods
maythrow alLocal Val i dati onExcepti on.

The validatoralsoinvokeseachobjectsval i dat e( Val i dat or) method,passing
itself. This methodrecursvely validatesthe object’s childrenand updateshe valida-
tor with ary local data,suchasidentifier definitionsor referencesthat are subjectto
global constraints. If a violation of a global structuralconstraintis detectedthen an
instanceof a @ obal Val i dati onExcept i on subclasss thrown. The abstractsuper
classSt ruct ureVal i dati onExcepti on unifiestheLocal Val i dati onExcepti on and
A obal Val i dati onExcept i on classesoasto simplify codethathandlegheseexcep-
tions.

A validatableobjectsi nval i dat e methodsinvokedin orderto notethatit hasbeen
changedn a way that may violate a structuralconstraintandthatit thereforerequires
re-validation. While this methodis public, it is intendedfor useonly by schema-devied
code.Theval i dat e andi nval i dat e methodsarefinal in orderto protecttheintegrity
of thevalidationlogic.

Design note  The approachtaken here doesnot attemptto track whole-tree
validity. Validation always checksall global constraints,and checksthe local
constraintf all contentobjectsthathave beenmarkedinvalid. If oneobjectis
invalid thenglobal constraintsnayrequirecheckingwhile if all objectsarevalid
thenit is knownthatall globalconstraint$old. A contenbbjectmustthereforebe
invalidatedif it is modifiedin away thatmayaffecteitherlocal or globalvalidity.
This allows the marshallinglogic to detectwhenvalidationis required,in which
caseit throwsaVal i dat i onRequi r edExcepti on.

The reasonfor not tracking whole-treevalidity is that it would make it
impossibleto supportnaturalandefficient manipulationsof contenttrees.Every
contentobjectwould have to containa referenceo its parent,or to the root of
its tree. Splicing one part of a tree into anotherwould hencerequireupdating
referencesn bothtrees,andan objectcould not be a memberof morethanone
tree. Thedesigndescribechereavoidsthesdimitations,allowing contentobjects
to beusedfreely.

3.2 Elements,root elements,and identifiable elements

A contentclassderiveddirectly from anelement-typealeclarationn the sourceschema
implementsthe El enent interface. This interfacespecifiesno methodsbeyond those
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alreadydefinedin the Val i dat abl eQbj ect class;it is simply a marker interfacethat
allows elementclassedo bedistinguishedrom otherschema-devied contentclasses.

An elementlassfor arootelementypeimplementgheRoot El enent classwhich
itself extendsthe El enent interface. This interfaceis alsoa marker interface,usedto
distinguishroot andnon-rootelementclasses.

If an elementclasscontainsa propertyderived from an identifier (ID) attribute
thenit alsoimplementghel dent i fi abl eEl enent interface. Thisinterfacespecifiesa
singlemethodthatreturnsthe value of theidentifier property It is usedby theunmar
shalling,marshallingandvalidationprocesse® recordandretrieve theidentifiervalues
of elementbjects.

3.3 Marshallable objects

A schema-devied contentclassextends,eitherdirectly or indirectly, the abstractclass
Mar shal | abl eQbj ect , which itself extendsVal i dat abl eCbj ect . This classdefines
the public instancemethodghatsupportboth marshallingandunmarshalling:

public abstract class Marshall abl ethj ect
ext ends Val i dat abl e(bj ect

{
protected Marshal | abl eQbj ect();
public void marshal (Marshal ler m
t hrows | OExcepti on;
public void unmarshal (Unmarshal | er u)
t hrows Unmar shal Excepti on;
}

The binding schemamnay instructthe schemacompilerto generatecontentclasseghat
canonly be marshalledr canonly beunmarshalledIf the methodcorrespondingo an
unsupportedperationsinvokedthenanUnsuppor t edOper at i onExcept i onisthrown.

A marshallableoot-elementlassxtendgheMar shal | abl eRoot El ement abstract
classwhichitself extendshar shal | abl eCbj ect :

publ i c abstract class Marshall abl eRoot El enent
ext ends Marshal | abl eQbj ect
i npl enent's Root El enent

{
protected Marshal | abl eRoot El enent () ;
public final void marshal (XM.Witer xw)
t hrows | OExcepti on;
public final void marshal (Qutput Stream out)
t hrows | OExcepti on;
}

This classdefinesthe primary marshallingmethod,which takesthe XML\W i t er with
which it will generatehe outputdocument.It alsodefinesa corveniencemethodthat

17



18

3.4

3.5

Marshallableobjects 3.3

accepts byte-outputstreamratherthanan XML writer. Themar shal methodslefined
this classarefinal in orderto protecttheintegrity of the marshallinglogic.

Marshalling

A contenttreemay be marshalledoy invoking oneof the mar shal methodsof its root
elementobject. This createsa nev marshaller by instantiatingthe Mar shal | er class.
Themarshallethenproceeds$o marshathecontentreebyinvoking themar shal method
of eachcontentobject.

Themarshallingprocessloesnot validatethe contenttreebeingmarshalledbut it
doesrequirethetreeto bevalid. If aninvalid objectis detectedduringmarshallingthen
aVal i dati onRequi redExcept i on is thrown andthe marshallingoperationis aborted.

Unmarshalling

TheMar shal | abl eRoot El enent classdefinesmethodgsor marshallingbut not for un-

marshalling. The unmarshallingnethodsassociateavith a specificroot elementclass
mustbe ableto createnew instancef the class,hencethey mustbe static methods.
The Java programminganguagedoesnot supportabstracistaticmethods however, so

the Mar shal | abl eRoot El enent classspecifies put doesnot define,the staticunmar

shallingmethodswhich the schemacompiler generatesnto eachunmarshallableoot

elementclass. The primary unmarshallingnethodof a root elementclassFoo hasthe

signature

public static Foo unnmarshal (XM.Scanner xs, Dispatcher d)
t hrows Unmarshal Excepti on;

This methodtakes the XM_Scanner with which it will scanthe input document. It
also takes the dispatder with which it will map elementnamesto elementclasses.
(Dispatchersaaredescribedn moredetail belon.) The schemacompileralsogenerates
two staticcorveniencenethods:

public static Foo unnarshal (XM.Scanner xs)
t hrows Unnmar shal Excepti on;

public static Foo unnmarshal (I nput Streamin)
t hrows Unmarshal Excepti on;

Both of thesemethodsusea default dispatcher;the secondmethodis a cornvenience
methodthatcreatesanew XM_Scanner from the givenbyte-inputstream.

An XML documentwhoseroot elementtype is known may be unmarshallednto
a contenttree by invoking one of the static unmar shal methodsof the correspond-
ing root elementclass. This methodcreatesa nev unmashaller by instantiatingthe
Unmar shal | er class. The unmarshallegovernsthe processof unmarshallinghe in-
put documentinto a newly-createdcontenttree. To unmarshalan elementit invokes
the givendispatcherto mapthe elements nameto a marshallableelementclass. The
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dispatcherin turn, instantiateshe classandinvokesthe newly-createdelementobject’s
unmar shal (Unnar shal | er) methodin orderto unmarshathe correspondingportion
of the input document. This methodwill invoke the dispatcherecursvely in orderto
unmarshalrny subelementsf theelementeingunmarshalled.

The unmarshallevalidatesthe nenv contenttreewhile constructingt. Whenini-
tializing a propertyit checksthe propertys staticanddynamictype constraintsthrow-
ing aTypeVal i dati onExcepti on uponfailure. It invokeseachunmarshalleabject’s
val i dat eThi s methodto checkthatall local structuralconstraintsaresatisfied throw-
ingalocal Val i dati onExcept i on uponfailure. Finally, it checkghatall globalstruc-
tural constraintsaare satisfiedoeforethe unmarshallingpperationcompletesthrowing a
A obal Val i dati onExcept i on uponfailure.

The abstractsuperclasshnnar shal Excepti on is definedasa superclas®f these
threeexceptionclassesaswell asof ScanExcept i on, soasto simplify codethathandles
theseexceptions.Instance®f ScanExcept i on subclassearethronvn by ascanneif the
inputdocuments notlexically well formedor if anl/O erroroccurs.Throwing ary one
of theseexceptionsabortsthe unmarshallingprocessandclosesthe scanner

Dispatching

An XML documentwhoseroot elementypeis notknown may beunmarshalledby in-
vokingoneof theunnar shal methodof anappropriatalispatder. Dispatcherarealso
usedin arecursve fashionduring the unmarshallingproces4o unmarshakubelements
which may have arbitraryelementnames.

A dispatchemapselementnamesto classnamesusingtwo maps: An element-
namemap mapselementnamesto marshallable-objeatlassesanda classmapmaps
schema-devied marshallable-objeatlassego arbitrarymarshallable-objedubclasses.
The classmapactsastheidentity mapon classegor which it containsno mapping.

This two-level mappingschemesupportsthe usersubclassingf schema-devied
marshallable-objedubclassesWhenasledto unmarshabnelementa dispatchefirst
appliestheelement-namenapto theelemeninameandthenappliesthe classmapto the
result. Whenaslkedto unmarshabn instanceof a specificmarshallable-objeatlassit
first appliesthe classmapto the classandthenunmarshalshe result.

Dispatchersnaybeconstructe@ndinitializedfrom scratchputit will bemorecom-
monfor applicationgo useadefaultdispatterobtainedrom thestaticnewDi spat cher
methodgeneratednto every marshallableoot elementclassby the schemacompiler:

public static Dispatcher newDi spatcher();

This methodcreatesa new dispatchemandinitializesit to mapeachelement-typaname
definedin the sourceschemafrom which the root elementclasswas derived to the
correspondingnarshallableootelementlass.After beinginitializedtheelement-name
mapis frozensothatit cannotbe modifiedfurther Userdefinedsubclassesf schema-
derivedmarshallable-objeatlassesnaythenberegisteredf desired.
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3.7

Dispatcing 3.6

Dispatchersare intendedeventually to supportXML namespacedyut this func-
tionality will not be completeuntil a future revision of this specificationsupportsa
namespace-capaldehemdanguage.

Summary

Theinterfaceandabstractlasseshatareimplementedindextendedoy schema-devied
contentclassesanbe summarizedictorially asfollows, with classeson the left and
interfacesontheright:

Val i dat abl eQbj ect El enent
| |

+-- Marshal | abl eQbj ect Root El ement ==++

+-- Marshal | abl eRoot El enent ==++

Fromthe standpoinf a developerusingthe data-bindingracility, the essentiabnmar
shalling,validation,andmarshallingmethodsof a marshallableoot-elementlassFoo
are:

public class Foo
ext ends Marshal | abl eRoot El enent

{
public void validateThis()
throws Local Val i dationExcepti on;
public final void validate()
throws StructureValidationException;
public final void marshal (XML\Witer xw)
t hrows | OExcepti on;
public final void marshal (Qutput Stream out)
t hrows | OException;
public static Foo unmarshal (XM.Scanner xs, Dispatcher d)
t hrows Unmar shal Excepti on;
public static Foo unmarshal (XM.Scanner xs)
t hrows Unmar shal Excepti on;
public static Foo unmarshal (I nput Streamin)
t hrows Unmar shal Excepti on;
}

Theval i dat e methodvalidatesthe entire contenttree rootedat a particularinstance
of Foo. Thenarshal (XMW iter) methodsmay be usedto marshalthe tree,andthe
unmar shal methodsmaybeusedto unmarshahnew treefrom agivenXML scannepr
inputstream.
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Exceptions

Methodsdefinedin both binding-framevork and schema-devied classesanthrow a
variety of exceptionsall of which aredefinedin the binding frameawork.

Thethreeprimaryconstraint-gceptionclasseseflectthecateyoriesof schemaon-
straintsdiscussedhn §2.2:

e AninstancefaTypeConstrai nt Except i on suoclasssthrovnwhenavio-
lationof adynamically-checkdtypeconstrainis detected Suchexceptions
will bethrown by property-semethodsfor whichit would beincorvenient
to have to handlechecled exceptionsitype-constrainexceptionsarethere-
foreunchecled,i.e., this classextends ava. | ang. Runt i meExcept i on.

e Aninstanceof alLocal Val i dati onExcepti on subclasss throvn whena
violation of a structuralconstraints detected.Suchexceptionsarethrown
by theval i dat eThi s methodslefinedin schema-deviedclasses.

e An instanceof a @ obal Val i dati onExcept i on subclasss throwvn when
a violation of a global structuralconstraintis detected. Suchexceptions
arethrown by theval i dat e( Val i dat or v) methodsdefinedin schema-
derivedclassesndby variousothermethodsn thebinding framework.

TheLocal Val i dationExcepti onandd obal Val i dati onExcept i on exceptionclass-
esareunifiedby their superclasst ruct ureVal i dati onExcepti on.

The unmarshallingandvalidationprocessesreslightly different: Unmarshalling
may detectthe violation of a type constraint,but validationneedonly checkstructural
constraintssince schema-devied classegguaranteehat type constraintsalways hold.
If atype-constrainexceptionis thrown during unmarshallingthenit is wrappedinto
a checled TypeVal i dati onException. The StructureValidati onException and
TypeVal i dati onExcepti on classesreunifiedby Val i dat i onExcepti on.

Anotherdifferencebetweerunmarshallingandvalidationis thatunmarshallingn-
volvesscanningninputdocumentduringwhichalexical well-formednesgrrormaybe
detectedbr anl/O errormayoccur Sucherrorscauseaninstanceof a ScanExcepti on
subclasgo be thrown; in particular if a scanneris scanningXML text from a byte-
inputstreamthenaj ava. i 0. | CExcept i on thrown by theinput streamis wrappedn a
Scanl CExcept i on.

A final essentialdifferencebetweenunmarshallingand validationis that unmar
shallingmayapply corversionsspecifiedn thebindingschemalf a corversions parse
methodthrows an exceptionthenit is wrappedin a new Conver si onException. The
Val i dati onExcepti on, ScanExcept i on,andConver si onExcept i on exceptionclass-
esareunifiedby their superclasgnnar shal Excepti on.
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4 Namesand identifiers

XML schemaanguagesise XML namesi.e., stringsthat matchproduction5 of the

XML 1.0specificationto labelschemacomponentsThis setof stringsis muchlarger

thanthesetof valid Java class,method,andconstanidentifiers. This chapterdefinesan

algorithmfor mappingXML namesgo Javaidentifiersin away thatadherego standard
Java API designguidelines generategdentifiersthatretainobvious connectiongo the

sourceschemaandis unlikely to resultin mary collisions.

4.1 The algorithm
Javaidentifierstypically follow threesimple,well-known corventions:

e Classandinterfacenamesalwaysbegin with anuppercaseletter There-
mainingcharactersreeitherdigits, lower-casdetters,or uppercasdetters.
Uppercaseletterswithin a multi-word namesene to identify the start of
eachnon-initial word, or sometimego standfor acroryms.

e Method namesalways begin with a lower-caseletter, and otherwiseare
exactly lik e classandinterfacenames.

e Constanhamesreentirelyin uppercasewith eachpairof wordsseparated
by theunderscoreharactef’ ' ,\ u005F, LOW LINE).

XML nameshowever, aremuchricherthanJavaidentifiers: They mayincludenotonly
thestandardlavaidentifiercharacterdut alsovariouspunctuatiorandspecialcharacters
thatarenot permittedin Javaidentifiers. Like mostJava identifiers,mostXML names
arein practicecomposedf more thanone natural-languag&ord. Non-initial words
within an XML nametypically startwith anuppercaseletterfollowedby alowercase
letter, asin Java, or are prefixed by punctuationcharacterswhich is not usualin Java
and,for mostpunctuatiorcharactersis in factillegal.

In orderto map an arbitrary XML nameinto a Java class,method,or constant
identifier, the XML nameis first brokeninto aword list. For the purposeof constructing
word lists from XML nameswe usethefollowing definitions:

e A punctuationcharacteris oneof thefollowing:

— A hyphen(’ -’ ,\u002D, HYPHEN-MINUS),
— A period(’ . ,\ u002E, FULL STOP),

— A colon( :’,\u003A, COLON),

— An underscoré’ ' ,\ u005F, LOW LINE),
— A dot(’«’,\u00B7, MIDDLE DOT),
—\u0387, GREEKANO TELEIA,
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— \ u06DD, ARABIC END OF AYAH, Of
— \ uO6DE, ARABIC START OF RUB EL HIZB.

Theseareall legal charactersn XML names.

e A letteris acharactefor whichtheChar act er. i sLett er methodreturns
true, i.e., aletteraccordingo theUnicodestandard Every letteris alegal
Javaidentifiercharacterbothinitial andnon-initial.

e A digit is a characterfor which the Character.i sDi git methodreturns
true, i.e., adigit accordingto the UnicodeStandard.Every digit is alegal
non-initial Javaidentifiercharacter

e A mark is a characterthat is in noneof the previous cateyories but for
whichtheChar act er. i sJaval denti fi er Part methodreturng r ue. This
catgoryincludesnumeridetters combiningmarks non-spacingnarksand
ignorablecontrolcharacters.

Every XML namecharacteifalls into one of the above cateyories. We further divide
lettersinto threesubcatgories:

e An uppercaseletteris a letter for which the Char act er. i sUpper Case
methodreturnst r ue,

e A lower-caseletteris aletterfor whichtheChar act er. i sLower Case
methodreturnst r ue, and

e All otherlettersareuncased

An XML nameis splitinto awordlist by removing ary leadingandtrailing punctuation
characterandthensearchingor word breaks A word breakis definedby threeregular
expressionsA prefix,aseparatgrandasuffix. Theprefixmatchegpartof thewordthat
precedeshe break,the separators not partof any word, andthe suffix matchegart of

theword thatfollows the break. The word breaksaredefinedas:

Prefix Sepaator  Sufix Example
[~ punct punct [~ punct f 0ol- - |bar
digit [~ digit] f 0022 |bar
[~ digit] digit f 00[22
lower [~ lowen f oo|Bar
upper upperlower  FOOBar
letter [~ letten Foo|\ u2160

[~ letter] letter \ u2160|Foo
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NAMES AND IDENTIFIERS

(Thecharactek u2160 is ROMAN NUMERAL ONE, a numericletter)
After splitting, if aword beginswith a lower-casecharactethenits first character
is corvertedto uppercase.Thefinal resultis aword list in which eachword s either

e A stringof upper andlower-casdetters thefirst characteof whichis upper
case,

e A stringof digits, or
e A stringof uncasedettersandmarks.

Given an XML namein word-list form, eachof the threetypesof Java identifiersis
constructechsfollows:

e A classor interfaceidentifieris constructedy concatenatinghe wordsin
thelist,

e A methodidentifieris constructedoy concatenatinghe wordsin the list.
A prefix verb (get , set, etc) is prependedo the resultor, if no prefix is
requiredthefirst characters corvertedto lower case.

e A constantidentifieris constructedoy cornverting eachword in the list to
uppercasethewordsarethenconcatenatedseparatethy underscores.

This algorithmwill not changean XML namethatis alreadya legal and corventional
Javaclassmethod or constantdentifier, exceptperhapgo addaninitial verbin thecase
of apropertyaccessnethod.

Examples
XML name Classname Methodname Constantname
m xedCaseNane M xedCaseNane m xedCaseNane M XED CASE NAME
Answer 42 Answer 42 answer 42 ANSVER 42

name- wi t h- dashes NameW t hDashes nameW t hDashes NAVE_W TH_DASHES
other_punctechars QherPunctChars otherPunct Chars  OTHER _PUNCT_CHARS

Collisions and conflicts

It is possiblethatthe name-mappinglgorithmwill maptwo distinct XML namedo the
sameword list. Thiswill resultin a collision if, andonly if, the sameJava identifieris
constructedrom theword list andis usedto nametwo distinctgeneratedlasse®r two
distinctmethodsor constantsn the samegeneratedlass. Collisionsarenot permitted
by the schemacompilerandarereportedaserrors;they mayberepairedoy revising the
sourceschemaor thebindingschema.
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Collisionsandconflicts 4.2

Methodnamesreforbiddento conflictwith Javakeywordsor literals,with methods
declaredin j ava. | ang. Gbj ect , or with methodsdeclaredin the binding-framevork
classe¥/al i dat abl eQbj ect , Mar shal | abl eQbj ect , Mar shal | abl eRoot El enent , or
in theinterfacel denti fi abl eEl ement . Suchconflictsarereportedaserrorsandmay
berepairedby revising the appropriateschema.

Design note  Thelikelihoodof collisions,andthe difficulty of working around
themwhenthey occur dependsuponthe sourceschemathe schemdanguage
in which it is written, andthe binding schema.In general however, we expect
thatthecombinatiorof theidentifierconstructiorrulesgivenabove, togethemith
goodschema-desigpracticeswill make collisionsrelatively uncommon.

Thecapitalizatiorconventionsembodiedn theidentifierconstructiorrules
will tendto reducecollisionsaslong asnameswith sharednappingsareusedin
schemaconstructghatmapto distinctsortsof Java constructsln aDTD, e.g., an
attributenamed oo is unlikely to collide with anelementypenamed oo because
thefirst mapsto a setof propertyaccessnethods(get Foo, set Foo, etc) while
thesecondmapsto a classname(Foo).

Goodschema-desigpracticesalsomakecollisionslesdik ely. Whenwriting
aschemdit is inadvisableto use,in identicalroles,nameshataredistinguished
only by punctuatioror case.Supposea schemaleclareswo attributesof asingle
elementtype, onenamedroo andthe othernamedf 0o. Their generatedccess
methods,namelyget Foo andset Foo, will collide. This situationwould best
be handledby revising the sourceschemawhich would not only eliminatethe
collisionbut alsoimprovethereadabilityof thesourceschemanddocumentshat
useit.



5

5.1

Properties

The schemacompiler binds schemacomponentgo propertieswithin derived content
classesA propertyis definedby:

e A namewhichisanXML name;

e A basetype which may be a primitive type (e.g., i nt), an El enent or
Mar shal | abl eCbj ect type,or someotherreferencaype;

e A predicate which is a codefragmentthat testsvaluesof the basetype
for validity andthrows a TypeConst r ai nt Except i on if atype constraint
expressedn the sourceschemas violated,;

e An optionalcollectiontypg whichis usedfor propertiesvhosevaluesmay
becomposedf morethanonevalue;and

e An optionaldefaultvalue

A propertyisrealizedby asetof accessnethods Theprecisesetof methodss determined
by the propertys basetype andits collectiontype,if any.

A propertysaccessnethodsare, by default,namedn thestandardlaszaBeanstyle:
The name-mappinglgorithmis appliedto the propertynameand then eachmethod
nameis constructedy prependinghe appropriaterefix verb(get , set, has, del et e,
etc). Theretrieval (get ) andmutation(set ) methodamayinsteadbe namedn the C++
style,withouttheget andset prefixes,by declaringheappropriateptionin thebinding
schema.

A propertyis saidto have a givenvalueif thatvaluewasexplicitly assignedo it
during unmarshallingduring constructionor by invoking a mutationmethod;if there
is no suchvaluethenthe given valueis saidto be undefined. The current value of a
propertyis its givenvalue,if defined;otherwiseijt is thepropertys defaultvalue,if any;
otherwiseijt is undefined.

Primiti ve properties

A non-collectionpropertynamedprop with a primitive basetypetypeis realizedby the
four methods

public type getld(); or public typeid();
public void setlId(type x); or publ i c type id(type x);
publ i ¢ bool ean hasld();

public void deleteld();

whereld andid aremetavariablesthatrepresenthe Javra methodidentifierscomputed
by applying the namemappingalgorithmto prop, the former with the first character
in uppercaseandthe latter with the first characterin lower case. The retrieval- and
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mutation-methodleclaration®n theright areusedinsteadof thoseon theleft whenthe
C++styleis selected.

Eachmethodexaminesor manipulateshepropertysgivenanddefaultvaluesn the
contentobjectuponwhichit is invoked:

e Theget methodreturnsthe propertys currentvalue. If the propertyhas
no currentvalue, i.e., it hasneithera given nor a default value, then a
NoVal ueExcept i on is thrown.

e Theset methoddefineghepropertysgivenvalueto betheargumentvalue.
Thevalueis first validatedby applyingthe propertys predicateyhich may
throw a TypeConst r ai nt Excepti on.

e Thehas methodreturnsaboolearvalueindicatingwhetheror notthe prop-
erty hasa currentvalue. This methodmay be invoked prior to invoking the
get methodin orderto preventaNoVal ueExcept i on from beingthrown.

e Thedel et e methoddiscardghe propertys givenvalue,if ary.

Therealizationsof primitive propertiescontainhas anddel et e methodsbecausavith
primitive typesthereis no convenientvaluewith whichto denoteheabsencef avalue.

Example In ourstock-tradeexample theaccount attributeof thet r ade elementype
is declared:

<I ATTLI ST trade
account CDATA #REQUI RED >

With an appropriatebinding schemathis attribute could be boundto a primitive i nt
propertyrealizedby thesefour methods:

public int getAccount();
public void setAccount(int x);
publ i ¢ bool ean hasAccount();
public void del eteAccount();

It is legalto invokethedel et eAccount methodeventhoughtheattributeis #REQUI RED
in the DTD. Thattheattributeactuallyhave avalueis alocal structuralconstraintrather
thanatypeconstraintsoit is checled duringvalidationratherthanduring mutation.

5.2 Referenceproperties

A non-collectionpropertyprop with a referencebasetype Typeis realizedby the two
methods

public Type getld(); or public Typeid();
public void setlId(Type x); or public void id(Type x);
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whereld andid aredefinedasabove andthe declarationn the right areusedinstead
of thoseon theleft whenthe C++ styleis selected.

e Theget methodreturnsthe propertys currentvalue. If the propertyhasno
currentvaluethenthevaluenul | is returned.

e Theset methoddefineghepropertysgivenvalueto betheargumentvalue.
If thevalueis notnul | thenit is first validatedby applyingthe propertys
predicatewhich maythrow a TypeConst r ai nt Excepti on. If thevalueis
nul | thenthe propertys givenvalue,if ary, is discarded.

Referencgropertiedonothavehas ordel et e methoddecaus¢hevaluenul | isused
to denotethe absenceof a value. To testwhethera referencepropertyhasa current
value,invokeits get methodandcheckthattheresultis notnul | . To discardareference
propertys givenvalue,invokeits set methodwith anargumentvalueof nul | .

Example In our stock-tradesxample,theact i on attribute of thet r ade elementtype
Is declared:

< ATTLI ST trade
action ( buy | buy-to-cover | sell | sell-short )
#REQUI RED >

This attribute declarationcould be boundto a referencepropertywith the basetype
java.lang. String:

public String getAction();
public void setAction(String x);

Theset Act i on methodwould apply a predicateto its agumentto ensurethatthe new
valueis legal, i.e., thatit is one of the strings" buy", "buy-to-cover”, "sel ", or
"sell-short".

It islegaltopasswl | totheset Acti on methodeventhoughtheact i on attributeis
#REQUI REDin theDTD. Aswith theaccount attribute,thattheact i on attributeactually
have avalueis alocal structuralconstraintatherthanatype constraintsoit is checled
duringvalidationratherthanduringmutation.

5.3 Collection properties

A collectionpropertymaytake theform of anarray propertyor alist property Thebase
typeof anarraypropertymaybeeitheraprimitivetypeor areferencaype,while thatof
alist propertymustbe areferenceype.

A collectionpropertymayhave a currentvaluethatis empty i.e., of lengthzero. A
valueof lengthzerois distinctfrom no value.

Design note  Non-sequentiatollection types suchas setsare not supported
becaus&XML documentsreinherentlylinear.
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5.3.1 Array properties
An arraypropertyprop with basetype Typeis realizedby thetwo methods

public Typd] getld(); or public Typd] id();
public void setld(Typd] Xx); or public void id(Typd] x);

regardlesof whetherTypeis a primitive type or areferenceype. Id andid aredefined
asabove,andthedeclaration®ntheright areusedinsteadof thoseon theleft whenthe
C++styleis selected.

e Theget methodreturnsanarraycontainingthe propertys currentvalue. If
the propertyhasno currentvaluethennul | is returned.

e Theset methoddefinesthe propertys givenvalue. If the argumentis not
nul | thenthesequencef valuesin thearrayarefirst validatedby applying
the propertys predicatewhich maythrow a TypeConst r ai nt Excepti on.
A Nul | Val ueExcepti on isthrownif thepropertysbasetypeis areference
typeandoneor moreelementf thearrayarenul | . If theamgumentitself
isnul | thenthepropertysgivenvalue,if ary, is discarded.

Thearraysreturnedandtakenby thesemethodsarenot partof thecontentobject’s state.
Whenanarraypropertysget methodsinvokedit createsnew arrayto holdthereturned
values. Similarly, whenthe correspondinget methodis invokedit copiesthe values
from theargumentarrayandthendiscardghe array

Therealizationf arraypropertieslik ethoseof referenceropertiesgonotcontain
has ordel et e methods.To testwhetheranarraypropertyhasacurrentvalue,invokeits
get methodandcheckthattheresultis notnul | . To discardanarraypropertys given
value,invokeits set methodwith anargumentof nul | .

Example Supposéhatwe extendthestock-tradeDTD with thet r ade- bat ch element
type:
< ELEMENT trade-batch ( trade+ ) >

Thecontentspecificatiorof thiselementypecouldbeboundto anarraypropertyrealized
by thesetwo methods:

public Trade[] getTrades();
public void set Trades(Trade[] X);

Theset Tr ades methodwould ensurehatits agumenthasnonul | elementslt would
not, however, requirethatits agumenthave anon-zerdengthor notbenul | , sincethat
is alocal structuralconstraintratherthanatype constraint.

5.3.2 List properties
A list propertyprop with basetype Typeis realizedby thethreemethods
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public List getld(); or public List id();
public void deleteld();
public void emptyld();

whereli st is theinterfacej ava. util . Li st, Id andid aredefinedasabove, andthe

declaratiorontherightis usedinsteadof thaton theleft whenthe C++ styleis selected.

e Theget methodreturnsan objectthatimplementsthe Li st interface,is
mutable andcontainsthe valuesof type Typethatconstitutethe propertys
currentvalue. If the propertyhasa default value but no given valuethen
the collectioncontainsthe default valueandis thereforeimmutable. If the
propertyhasno currentvaluethennul | is returned.

e Thedel et e methoddiscardghe propertys givenvalue,if ary.

e The enpty methoddiscardsthe propertys given value, if any, andthen
definedts givenvalueto be a newly-allocated,empty mutablelist.

Thelist returnedby theget methodis a componenbf the contentobject’s state.Modi-
ficationsmadeto thislist will, in effect,be modificationgo thecontentobject. Thelist’s
mutationmethodsdo notadmitnul | values;anattemptto addanul | elemento thelist
or to replacean existing elements valuewith nul | will causea Nul | Val ueExcepti on
to bethrown. Thelist'smutationmethodsapplythepropertyspredicatdo any nonnul |
valuebeforeaddingthat valueto thelist or replacingan existing elements valuewith
thatvalue;the predicatemaythrow a TypeConst r ai nt Excepti on.

Theget methodalwaysreturnsthe samecollectionobjectbetweennvocationsof
the del et e andenpty methods. Any attemptto usea collection previously returned
by the get methodafter one of the latter two methodshasbeeninvoked will causean
Il egal St at eExcepti on to bethrown.

Design notes A futureversionof the Java programmindanguagemay support
generictypes,in which casethis specificatiormayberevisedsothatlist-retrieval
methodshave thetypeli st <Type>.

It may seemoddthatlist propertieshave bothdel et e andenpt y methods.
A list canbe empty sowhy notindicatethatthereis no currentvaluesimply by
returningan emptylist? This approachs unworkablebecauseemptinesss not
equivalentto absenceAn attribute whosevalueis representedy a list property
e.g., will bemarshalledvenif thelist is empty butit will notbemarshalledf the
list is absent.

Example Thecontenspecificatiorofthet r ade- bat ch elementypecouldalternatvely
beboundto alist propertyrealizedby thesethreemethods:

public List getTrades();
public void del eteTrades();
public void enptyTrades();
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Thelist returnedytheget Tr ades methodvouldbeguaranteednlyto containinstances
of the Trade class. As before,its lengthor emptinessvould only be checled during
validation,sincetherequirementhattherebeatleastonet r ade in at r ade- bat chisa
structuralconstraintratherthanatype constraint.

Default values
If apropertyprop hasa default valuethenits realizationcontainsthe additionalmethod

public bool ean defaul tedld();

whereld is definedasabove.

Thedef aul t ed methodreturng r ue if, andonly if, thepropertyhasadefaultvalue
but notagivenvalue. This methodreturnsf al se evenif the propertyhasa givenvalue
thathappendgo beequalto its default value.

Example Thedur ati on attribute of thet r ade elementypeis declared:

<I ATTLI ST trade
duration ( inmediate | day | good-til-canceled )
Ildayll >

Thisattributedeclarationlik ethatfor theact i on attribute,couldbeboundto areference
propertywith thebasetypej ava. | ang. St ri ng. Therealizationof this propertywould
containanadditionaldef aul t edDur at i on method:

public String getDuration();
public void setDuration(String x);
public bool ean defaul tedDuration();

If thepropertydoesnothaveagivenvaluethenaninvocationof thedef aul t edDur at i on

methodwould returnt r ue andaninvocationof theget Dur at i on methodwould return
"day", thepropertysdefaultvalue. Theset Dur at i on methodwould applyapredicate
toits agumento ensurdhatthenew valueis legalaccordingo theattributedeclaration.

Design note  Eachsortof propertyis realizedby aslightly differentsetof access
methods.For uniformity wecoulddefineeverypropetty toberealizecby get ,set ,
has, anddel et e methodshutthiswouldyield elementlasseshatarelessnatural
andmorecomple. Theget methodsof simplereferencepropertiesge.g., would
throw a NoVal ueExcept i on ratherthanreturnnul | , andthe correspondinget
methodswvouldsimilarly throw anexceptionwheninvokedwith anul | argument.
The semanticsof collection propertieswould becomemore complex becausea
set methodwould have to be supportedandit would no longerbe practicalto
provide fail-fastcheckingof propertypredicates For theseandotherreasonave
have choserto take the abose non-uniformapproach.



6 Binding-schemasyntax and semantics

Theschemaompilerinterpretsasourceschemdogethemwith abindingscheman order
to generatasetof Javaclassesndinterfaces.Thesourceschemas writtenin thesource
schemdanguage Thebindingschemas writtenin thebindinglanguage, thesyntaxand
semantic®f which aredefinedin this chapter

Thebindinglanguagés, in essencegspecializedleclaratveprogrammindanguage
with thefollowing kinds of constructs:

e Elementdeclamtions of which therearetwo kinds: An element-clasdgec-
larationbindsanelement-typeleclarationn thesourceschemao aspecific
generatedlava class,while an element-valueleclarationspecifiesthat in-
stance®f anelementypeareto betreatedasvalues.

e Content-poperty declamtions of which thereare two kinds: A geneal
contentproperty declarationdefinesa single property that representsll
of anelements content,while a model-basedontentpropertydeclaration
bindssomeor all of thecomponentsf theassociateélementype’scontent
modelto specificproperties.

e An attribute-piopertydeclamationbindsanattributedeclaratiorio aproperty
thatrepresentshe attribute’s value.

¢ A corversiondeclamationdefinesanamecdornversionthatmaybespecifiedn
anelement-alueor attributedeclarationin orderto corvertelementontent
or attribute valuesto valuesof typesotherthanj ava. | ang. Stri ng.

e Anenumeationdeclamationdefinesanenumeationclass whichrepresents
a setof namedvaluesand a bijective mappingbetweenstringsandthese
values;it alsodefinesanimplicit corversionfor thatclass.

e A constructordeclamtion definesa constructorin an elementclassthat,
wheninvoked, initializesoneor morepropertieswith its alguments.

¢ AninterfacedeclamationdefinesaJavainterfacethatis implementedy one
or moreof theclasse®rinterfacedefinedelsavherein thebindingschema;
theinterfacemayalsospecifyoneor moreof thepropertiedefinedoy these
classeandinterfaces.

e An optionsdeclamation containsvarioussimpledeclarationshatgovernthe
interpretatiorof boththe sourceschemaandthe bindingschema.

The syntax of the binding languageis independenbf arny particular sourceschema
languagelts semanticshowever, areof necessitypartly dependentiponthatlanguage.
In this chapterwe separatehe independentind dependenpartsinsofar as possible,
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6.1

6.2

thoughfor explanatorypurposeswve often usethe terminologyof DTDs whentalking
aboutconceptghatarecommonto nearlyall XML schemdanguages.

A bindingschemas interpretedelativeto bothasourceschemandasetof default
binding declarmations inducedby that schema. A binding schemathereforeneednot
containa declarationfor every elementtype, attribute, or content-modekcomponent
declaredin the sourceschema. Default declarationsboth reducethe verbosity of a
bindingschemaandmale it morerobustto the evolution of the sourceschema.

Notation

The source-and binding-schemdragmentsshowvn in this chapterare meantto be il-
lustrative ratherthannormatie. The normatve syntaxfor the bindinglanguagds that
describedy the DTD in appendixC.

For thesale of brevity we omit endtagsin all exampleXML text, usingindentation
insteado indicateelemeniesting.Empty-elementagsare, however, still usedin order
to highlightthefactthata particularelemenis empty Thusthefragment

<parent >
<child name="al pha">
<grandchi | d nane="al pha2"/>
</chil d>
<child name="beta"/>
</ parent >

is abbreviatedto

<parent >
<child name="al pha">
<grandchi | d name="al pha2"/>
<child name="beta"/>

Metavariablesarein italics and other metanotatioris in gray. Optional attributesare
enclosedn [squar e="br acket s" |, andthelegal valuesfor enumeratiorattributesare
writtenas{a b/c}. Text is alsograyedwhenit is partof the context of the construct
beingdescribedatherthanpartof the constructtself.

Limitations

Theonly source-schemanguageupportedby thisspecificationsthe DTD sublanguage
of XML 1.0. A futurerevision is expectedto includesupportfor a simplesubsebf the
W3C XML Schemdanguage.

Thefollowing featuresof DTDs arenot supported:

e Internalsubsets,
e NOTATI ONs, and
e theENTI TY, ENTI Tl ES, andenumerate®OTATI ON attributetypes.
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Theseconstructsarerarely usedin data-orientedapplicationsof DTDs; they are also
difficult, if notimpossibleto supportin the context of databinding.

Root elementand documenttype

Therootelementof a bindingschemastartswith thetag
<xm - | ava- bi ndi ng- schema |[version="1.0-ea"|>

and may have, as its content,any numberof interface, corversion, enumeration,or
elementdeclarationsit may alsohave at mostoneoptionsdeclaration.Theimmediate
childrenof theroot elementconstitutethetop level of the bindingschema.

The valueof thever si on attribute identifiesthe versionof the binding language
in which the binding schemas written. Eachdistinctversionof this specificationwill
specifyadistinctversionstring. An implementatiorof a particularversionof this spec-
ification will acceptbinding schemasvhoseroot elementsspecify the corresponding
versionstring andinterpretthemaccordingto that versionof this specification;if the
versionattribute is not presenthenthatversionis assumed.An implementatiormay,
optionally, supportearlierversionsof this specificationjn which casethe value of the
versionattribute determineshe versionto be used.

An XML 1.0document-typeéefinition(DTD) for theversionof thebindinglanguage
describedy this specificatiorwill be availableatthe URI

http://java.sun.comdtd/jaxb/ 1. 0-eal xjs.dtd

This URI is thereforesuitablefor useasa systemidentifierin the DOCTYPE declaration
of abindingschema:

<! DOCTYPE xm -j ava- bi ndi ng- schema
SYSTEM "http://java. sun.conf dtd/jaxb/ 1. 0-eal/ xjs.dtd">

A binding schemas not requiredto have a DOCTYPE declarationput it is often helpful
to provide onefor useby XML editorsandothertools.

6.4 Options

An optionsdeclaratiorhastheform

<options [package="padkage"]

[defaul t-reference-col | ection-type="{arraylist}"]
[property-get-set-prefixes="{true/fal se}"]

[mar shal | abl e=" {true/fal se}"]

[

unmar shal | abl e=" {true|fal se}"]/ >

andmayappearat mostonce,only atthetop level of thebindingschema.
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Theoptionsdeclaratiorsenesasacontainerfor simpledeclarationshatgovernthe
interpretatiorof the sourceschemaandof the otherdeclarationsn the bindingschema.

e Thepackage optionspecifieshe target padkage for the classesandinter-
facesthatwill be generatedy element-classinterface,and enumeration
declarationsits valuemustbe a valid Java packagename.|If this optionis
not specifiedhenthe generatealassewill bein theunnamedackage.

e Thedefaul t-reference-collection-type option specifiesthe collec-
tiontypeto beusedor referenceropertiegshatmayhave compoundralues.
If this optionis not specifiedthenits valueis defaultedto | i st .

e Theproperty-get-set-prefixes optionspecifiesnvhetherpropertyac-
cessmethodsare to be namedin the JavzaBeansstyle, with get andset
prefixes, or in the C++ style, without suchprefixes. If this optionis not
specifiedthenits valueis defaultedto t r ue.

e Thenarshal | abl e option specifieswhetheror not the generatedctlasses
areto supportmarshalling. If the valuef al se is giventhenthe nar shal
methodsdefinedby the generatecelementclasseswill always throw an
Unsupport edQper at i onExcept i on wheninvoked. If this option is not
specifiedthenits valueis defaultedto t r ue.

e Theunnar shal | abl e optionspecifiesvhetheror notthegeneratedlasses
areto supportunmarshallinglf thevaluef al se isgiventhentheunmar shal
methodsdefinedby the generatecelementclasseswill always throw an
Unsupport edQper at i onExcepti on wheninvoked. If this option is not
specifiedthenits valueis defaultedto t r ue.

6.5 Element-classdeclarations

An element-clasdeclaratiorstartswith thetag

<el enent name="elt" type="cl ass"
[class="Class | [root="{truelfal se}"|>

and may appearonly at the top level of the binding schema. Its contentmay be ary
numberof attribute-propertyconstructorenumerationandcorversiondeclarationsits
contentmayalsoincludeat mostonecontent-propertyleclaration.

Source constraints Thesourceschemanustcontainanelement-typealeclarationpr its
equvalent,for anelementhamedelt.

If the classnameClassis specifiedn the element-clasdeclaratiorthenit mustbe
alegal Jara classname;it mustnot be prefixedwith a packagename.
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Result The schemacompilerdefinesa new public marshallable-elememtiassin the
target package.An instanceof this classwill represent singleelt elementin aninput
document.

The nameof the classis Class if the cl ass attribute is present;otherwiseit is
constructedby applyingthe name-mappinglgorithmto elt. The classnamemustbe
uniquewith respectto the interfaces,enumeratiorclassesand other elementclasses
declaredatthetop level of thebindingschema.

Thenew classis arootelementlassif, andonly if, oneof thefollowing conditions
is true:

e Thesourceschemaleclareseitherexplicitly or by default, thataninstance
of the elementypeelt canbetheroot elementof a valid document.In this
casether oot attribute,if given,musthavethevaluet r ue.

e Thesourceschemaloesnotdeclare githerexplicitly or by default, whether
or not suchaninstancecanbe a documentroot, andther oot attributeis
giventhevaluet r ue.

Somesourceschemdanguagesandin particularDTDs, have no way of expressinghat
an instanceof an elementtype canbe a documentroot; for theselanguagenly the
secondcaseabove applies.

If thenew classis aroot elementclassthenit extendsthebinding-framevork class
Mar shal | abl eRoot El ement andimplementgherelatedinterfaceRoot El ement ; it also
definesthe staticunmar shal methodsandthe staticnewDi spat cher methodthatare
specifiedn theMar shal | abl eRoot El ement class.If thenew classis notarootelement
clasghenit extendghebinding-framevork classvar shal | abl eQbj ect andimplements
therelatedinterfaceEl ement .

The new classdefinesa zero-agumentpublic constructor;instancescreatedby
invoking this constructomwill initially beinvalid.

Thenew classdefinesthe following public final methods:

e Theunmarshal (Unmarshal | er u) methodimplementsthe specification
of that methodin the Mar shal | abl eCbj ect class. It usesthe given un-
marshallers scanneto scana singleelt elementprocessinghe elements
attributesandcontentaccordingotherelevantdeclarationgn boththesource
andbindingschemasn orderto initialize the elementobject’s properties.

If thescanners notinitially positionedata starttagfor anelt element
thenanl nval i dCont ent Except i on isthrown. If thecontentof theunmar
shalledelementiolatesaconstrainexpressedn thesourceschemdhenan
appropriate/al i dat i onExcept i on is thrown.

e Theval i dateThi s() methodimplementghe specificatiorof thatmethod
in theVal i dat abl e(bj ect class.If the contentof this object’s properties
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violatesalocal structuralconstrainiexpressedn the sourceschemahenan
appropriatd.ocal Val i dat i onExcepti on is thrown.

e Thevalidate(Validator v) methodmplementghespecificatiorof that
methodin the Val i dat abl eQbj ect class. If this object’s childrenviolate
a structuralconstraintexpressedn the sourceschemahenan appropriate
StructureVal i dati onExcepti on isthrown.

e Themarshal (Marshal | er m methodmplementghespecificatiorof that
methodin the Mar shal | abl eQbj ect class. It usesthe given marshallers
writer to write asingleelt elementcornvertingtheelements propertyvalues
backinto attributesandcontentaccordingo therelevantdeclarationgn both
thesourceandbindingschemas.

Theunmarshallingandvalidationmethodsarespecifiedo throw variouschecledexcep-
tions whenvariouserror conditionsare detected. This specificationdoesnot mandate
the orderin which suchconditionsaredetectedandit thereforedoesnot mandatehat
ary particularexceptionbe thrown beforearny other Oneimplementatiorof this speci-
ficationmay; e.g., unmarshaall of anelements contentbeforecheckinglocal structural
constraintsywhile anothemaychecksuchconstraintascontentis unmarshalledThese
implementationsouldbehae differentlywhenunmarshallinganinvalid documentput
they would behave identicallywhenunmarshallingary valid document.
Thenew classalsodefineshreepublic, non-finalmethods:

e Theequal s methodteststhatthe givenvalue of eachpropertydefinedin
this elementclassis equalto the givenvalueof that propertyin the object
to which this objectis beingcompared.This equalitytestusesthe value-
basecequal s methodratherthantheobject-identity-based= operatorand
is extendedo pointwiseequalityfor collectionproperties.

e ThehashCode methodtakesinto accounteachvalueof primitive type,and
thehashcodeof eachobject,thatis the valueof a propertyor acomponent
of thevalueof apropertydefinedin this class.Theprecisemannelin which
it doessois not specified.

e ThetoString methodproducesa string representatiomf the contentof
the objectuponwhich it is invoked. The preciseformat of this string is
not specified,but it should containsuficient informationto be usefulin
delugging.

The content-and attribute-propertydeclarationswithin this element-classleclaration
will placefurtherrequirementaiponall of the abose methods.Thesedeclarationswill
alsodefinepublic non-finalmethodgo implementthe declaredoroperties.
Thecodethatimplementghe mutationof any propertysvalueis requiredto invali-
datethecontainingelemenbbjectif amutationoperatiorcouldcauseary localor global
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structuralconstraintto beviolated. In otherwords,the schemacompilermustgenerate
codethatinvalidateshe elementbjectwhene&er a propertyis mutatedunlessit canbe
determinedeitheratcompiletime or atruntime, thatno structuralconstraintsvould be
violatedby the propertys new value.

6.5.1 DTD-specificsemantics

If the element-typealeclaratiorfor elt hasan attribute of typel D thenthe dervedclass
alsoimplementghel denti fi abl eEl ement interface.

6.5.2 Example

We canbeginabindingschemdor thestock-tradéTD with anelement-clasdeclaration
for thet r ade elementype:

<el ement name="trade" type="class" root="true">
This declaratiordefinesa classwith the (partial) signature:
public class Trade

ext ends Marshal | abl eRoot El enent
i npl enent's Root El enent

{
public final void validateThis();
public final void validate(Validator v);
public final void unmarshal (Unnarshal | er u)
t hrows Unmar shal Excepti on;
public final void marshal (Marshaller m) throws | OException;
public static Trade unmarshal (XM.Scanner xs, Dispatcher d)
t hrows Unmar shal Excepti on;
public static Trade unnarshal (XM.Scanner Xs)
t hrows Unmar shal Excepti on;
public static Trade unnarshal (1 nput Streamin)
t hrows Unmar shal Excepti on;
}

Over the courseof this chapterwe will graduallycompletethe binding schemdor the
stock-tradeDTD.

6.6 General content-property declarations

Thedeclaratiorof a generalkontentpropertyhastheform

<el enent name="elt" type="class" ...>
<content property="prop'
[col l ection="{array|list}"]
[supertype="type'|/ >

andmayappeanonly within anelement-clasdeclaration.
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Source constraints  The sourceschemamustcontainan element-typedeclaration,or
its equialent, for the elementelt namedby the enclosingelement-classleclaration.
An elementclassmustbe declaredn the binding schemdor eachelementtypethatis
referencedn the element-typaleclarations contentspecification.

The propertynameprop mustbeavalid XML name.

If the supertypetypeis specifiedthenit mustbe the nameof a classor interface
declaredn thebindingschemaThattypemustalsobeasupertypef eachof theelement
classeso which the elementypesreferencedn the contentspecificatiorarebound.

Result The schemacompilerdefines,in the classbeinggeneratedor the containing
element-clasdeclarationa propertyto representhe elements content:

e Thepropertys nameis prop. Themethodidentifiersusedin therealization
of thispropertymustbeuniqueamonghemethodgefinedn thecontaining
elementlass.

e The propertys basetype is type if specified;otherwiseit defaultsto the
binding-frameavork classMar shal | abl eQbj ect .

e The propertys predicateonly admitsvaluesof the basetype, otherwise
throwing anl nval i dCont ent bj ect Excepti on.

e The propertys collectiontypeis takento be the valueof thecol | ecti on
attribute,if given;otherwiseit is the default reference-collectiotypeif the
contentspecificatiorallows morethanoneelement,otherwisethe property
is areferenceproperty

Thecontent-propertgeclarationmposedurtherrequirementsiponthemethodslefined
in theenclosingelementclass:

e The unmarshal (Unmarshal | er u) method,after unmarshallingary at-
tributes,unmarshalshe input elements contentby invoking the given un-
marshallesunnar shal () orunnar shal (0 ass) methodsasappropriate.
It unmarshal®lementcontentuntil it reachedhe endtag for the input el-
ement. This producesa list of marshallable-elememtbjects,includingin-
stance®f the PCDat a classfor charactedata,thatis theinitial valueof the
contentproperty

e Theval i dateThi s() methodvalidatesthe value of the contentproperty
againsthelocal structuralconstraintsxpressedn the sourceschema.

e Thevalidate(Validator v) methodvalidatestheelements childrenby
invoking the given validator’s val i dat e( Val i dat abl eQbj ect) method
uponeachobjectin the contentproperty

e Themarshal (Marshal | er m) methodaftermarshallingary attributesand
beforewriting the endtag, marshalghe elements childrenby invoking the
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givenmarshallers mar shal ( Mar shal | abl eQoj ect) methoduponeachof
the objectsin the contentproperty in the orderin which they appear

DTD-specificsemantics

Local structural constraints The contentpropertys value must satisfy the content
specificatiorgivenin the correspondinglement-typeleclaratiorof the sourceDTD.

If the element-typeleclarations contentspecifications anelement-conternodel
thenthe contentpropertys valuemustbe a valid representationf a string of element-
type nameghatis in thelanguagegeneratedy theregularexpressiordescribedy the
model.

An EMPTY contentspecificatiorrequiresthe contentproperty’s value,if definedto
beoflengthzero. MixedandANY contenspecificationslonotimposeary localstructural
constraints.

Example

A generakontentpropertyis, asits nameimplies,themostgenerabf all contentproper
ties. Suchapropertycanbeusedwith ary contentspecificationnomatterhow comple;
model-basedontentpropertiesby contrastrequirecontentspecificationso have aspe-
cific structure.Generakontentpropertiesarethereforehemostrobusttypewith respect
to schemaevolution.

Giventhatthet r ade elementypeis declared

< ELEMENT trade ( symbol, quantity, limt?, stop? date ) >

we canhandleits contentby declaringa generalcontentpropertyin its element-class
declaration:

<el enent name="trade" type="class" root="true">
<content property="content"/>

This declaratiordefineshreemethodsn the Tr ade class:

public class Trade ... {
public List getContent();
public void del eteContent();
public void enmptyContent();

}

Thelist returnedby the get Cont ent methodwill be constrainedocally to containone
instanceeachof theSynbol , Quantity, Limt, St op, andDat e elementlassesin that
order with all buttheLi m t andSt op instancedeingrequired.

Elementclassedor theseotherelementypescanbe declaredn a similar manner
Thesynbol elementype,e.g., is declared



42 Geneal content-popertydeclamations 6.6

<! ELEMENT synbol (#PCDATA) >

whichin combinationwith the element-clasdeclaration

<el enent name="synbol " type="class">
<content property="content"/>

will definea Synbol classwith the (partial) signature

public class Symbol
extends Marshal | abl e(oj ect
i npl ements El enent

public Marshal | abl eChj ect get Content();
public void set Content(Mrshal | abl eCbj ect x);

}

The charactercontentof a synbol elementwill be representeds an instanceof the
binding-frameavork classPCDat a. Non-rootelementclassedor the other#PCDATA el-
ementtypesquantity, limt, stop, anddat e canbe declaredin a similar manner
Binding suchsimple elementtypesin this very generalway is ratherawkward; such
typesarebetterhandledwith element-aluedeclarationsaswill be seerbelow.

6.7 Conversiondeclarations

A corversiondeclaratiorhastheform

<conversi on name="name [type="typ€e'|
[parse="pars€ | [print="print"]
[whi t espace="{preserve normalizecol | apse}"|/>

andmay appeatitheratthetop level of the bindingschemaor within anelement-class
declaration.

Sourceconstraints Thecornversionnamemustbeavalid XML name.It mustbeunique
with respecto the othercorversionsdeclaredat the samelexical level of the binding
schema.

Thetype if specified,s thetargettype of the corversionandthereforemustbe a
legal Java type name. Thetargettype may includea packageorefix; if it doesnotthen
thetamgetpackagas assumedIf thetargettypeis not specifiedhenit defaultsto name
whichis thenfurtherconstrainedo bealegal Javatype name.

The parse method,if specified,describeshow to corvert a string into a value of
the targettype. It mustbe the token new or be of the form ClassNamemethodName
whereClassNamas a legal Jara classname,possiblyincluding a packageprefix, and
methodNames a legal Java methodname.
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The print method,if specified,describeshow to corvert a value of the tamget
type backinto a string. It mustbe of the form methodNamer of the form Class-
Name methodNamevhereClassNamandmethodNamareconstrainedsfor theparse
method.

Result Theschemacompilerdefinesabinding corversionwith the specifiedname A
binding corversionconsistof atargettype,aparsemethod,anda print method.

When a binding corversionis specifiedin an element-alue declarationor in an
attribute-propertydeclarationthen the basetype of the declarationis taken to be the
corversionstargettype.

Theparsemethodof a bindingcorversionis appliedduringunmarshallingn order
to corvertastringfromtheinputdocumentinto avalueof thetamettype. Beforeinvoking
the parsemethod,whitespacen the input stringis processeccordingto the value of
thewhi t espace attribute,which defaultsto col | apse:

e preserve: Nothingis done.

e normal i ze: Eachoccurrenceof a\u0009 (TAB), \ uOOOA (LINE FEED),
or \ u000D (CARRIAGE RETURN) charactelis replacedby a spacecharac-
ter (\ u0020, SAA\CE).

e col | apse: The processingf the previous stepis performed after which
contiguoussequencesf spacesare collapsedo singlespacesandleading
andtrailing spacesreremoved.

Normalizingor collapsingwhitespacenaycauseound-trippingtofail if strict,character
for-charactedocumentequvalences required,but collapsingwhitespacas almostal-
waysacceptablen data-orientecpplicationsof XML.

After whitespacerocessinghe parsemethodis invokedasfollows:

e If the parsemethodis specifiedasnew, or if it is not specified,thenthe
compilerassumeshat the tarmget type is a classthat definesa constructor
thattakesasingleSt ri ng agument.To apply the corversionto a string it
generatesodethatinvokesthis constructorpassingt theinputstring.

e If theparsemethodis specifiedin the form ClassNamemethodNaméhen
the compilerassumeshat the classClassNamexists andthatit definesa
staticmethodnamedmethodNameéhattakesa singleSt r i ng agumentand
returnsa value of the taigettype. To apply the corversionto a string it
generatesodethatinvokesthis method passingt theinput string.
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Theprintmethodof abindingcorversionis appliedduringmarshallingn orderto corvert
avalueof thetargettypeinto a stringthatwill bewritten to the outputdocument:

e If theprintmethods notspecifiedhenit defaultstot oSt r i ng andishandled
accordingto thenext case.

o If the print methodis specifiedin the form methodNaméhenthe compiler
assumeshat the target type is a classor an interfacethat definesa zero-
argumentinstancemethodnamedmethodNam¢hatreturnsa Stri ng. To
applythecorversionit generatesodeto invokethismetlodupan aninstance
of thetamettype.

¢ If the print methodis specifiedin the form ClassNamemethodNaméhen
the compilerassumeshatthe classClassNamexists andthatit definesa
staticmethodnamedmethodNaméhattakesa singleargumentof thetarget
typeandreturnsa St ri ng. To applythe conversionto astringit generates
codethatinvokesthis method passingt avalueof thetargettype.

The parseandprint methodgsogetherdefinea bidirectionalmappingbetweernvaluesof

thetamettypeandasetof strings. Thismappingshouldalwaysbevalue-preservingith

respecto the targettype. In otherwords, the print methodshouldbe ableto convert
every valuez of thetargettypeinto a stringrepresentatiothat, whenprocessedby the
parsemethod returnstheoriginal valuez. This mappingwill often,thoughnotalways,
bevalue-preservingvith respecto thesetof stringsuponwhichit is defined;aparticular
floating-pointnumber e.g., might berepresentetdy morethanonestring.

Theprint methods assumedo work on every valueof thetamgettypeandtherefore
neverto fail. A parsemethodmayfail, however, sinceit is only definedon thosestrings
that are valid representationsf tamget-typevaluesandit will be appliedto arbitrary
strings. A parsemethodindicatesfailure by throwing an exceptionof whatever type is
appropriatethoughit shouldneverthrow a TypeConst rai nt Excepti on. Theschema
compilerensureghat an exceptionthrown by a parsemethodis caughtandwrapped
within anew Conver si onExcept i on thatis thenimmediatelythrown. For therarecase
in which a print methodfails, it similarly ensureghat an exceptionthrown by a print
methods caughtandwrappedwithin anew Conver si onFai | ur eExcept i on thatisthen
immediatelythrown.

Built-in conversions A built-in binding corversionis definedfor the following Java
primitivetypes.In eachcasethe nameof the corversionis thenameof thetype.

e For bool ean, the built-in corversionmapsthe string"true" totrue and
thestring"f al se" tof al se; for all otherinput stringsit is undefined.

e Foreachof thenumerictypesbyt e, short,int,| ong, fl oat,anddoubl e,
the built-in corversionusesthe staticpar seTypg St ri ng) methodof the
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correspondingava. | ang wrapperclassto corvertstringsto values andthe
statict oSt ri ng(type methodof thesameclassto corvertvaluego strings.

Scope Corversiondeclarationsestexically within thebindingschemalf acorversion
declarationappearsat the top level of the binding schemaandhasthe samenameasa
built-in corversionthenthe declarationtakes precedence lf a corversiondeclaration
appearswithin an element-classleclarationand hasthe samenameas a corversion
declaredat the top level, or the samenameasa built-in corversion,thentheinnermost
declaratiortakesprecedence.

Example

Thestop andl i m t elementypesdeclaredn thestock-tradeDTD aremeantto contain

pricesexpressedsdecimalfractionsof dollars. It would not be a goodideato usethe

built-in corversionsfor thef | oat or doubl e primitive numerictypes,sincethesetypes

areinherentlyapproximate.Hencewe definea new pri ce corversionthat represents
pricesasinstancef the classj ava. mat h. Bi gDeci mal , which canrepresentiecimal

fractionsprecisely:

<conversion name="price" type="java. math. Bi gDeci mal "/ >

With this corversion, a string will be corvertedinto a Bi gDeci mal instanceduring
unmarshallindy invokingtheBi gDeci nal (St ri ng) constructorsuchaninstancewill
be corvertedbackinto astringduringmarshallingoy invoking thet oSt ri ng methodof
thatclass. This corversionwill be usedlaterwhenwe give element-aluedeclarations
for thestop andl i m t elementypes.

If we definetheauxiliary class

public class Cnv {
private static java.text.SinpleDateFormat df
= new j ava. text. Si npl eDateFor mat ("yyyy- MW dd");
public static java.util.Date parseDate(String s)
throws java.text.ParseException
{

return df.parse(s);

public static String printDate(java.util.Date d) {
return df.format(d);
}

}

thenwe cansimilarly definea dat e corversionthat corvertsstringsrepresentinglates
into instance®f theclass ava. uti | . Date:

<conversion nane="date" type="java.util.Date"
parse="Cnv. parseDate" print="Cnv.printDate"/>
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Thepar seDat e methodmaythrow aPar seExcept i on; if thishappenshentheunmar
shallingcodewill catchthe exception,wrapit in a Conver si onExcepti on, andthen
throw this new exception.

Datatypes

A sourceschemaassociates datatypewith every attribute declarationandwith every
declarationof a simpleelementtype, i.e., an elementtype whosecontentspecification
allows charactebut notelementontent. Thedatatypemaybespecifiedexplicitly in the
sourceschemaor it maybeimplied by the semantic®f the sourceschemdanguage.

A datatypeis eitheratomic or compound An atomic datatypedescribesvalues
that are not subjectto further decompositiong.g., strings,floating-pointnumbersn a
certainrange,or tokensin acertainset. A compounddatatypedescribewaluesthatare
sequencesf atomicvalues;e.g., arraysof floating-pointnumbersor lists of tokensin a
certainset. A source-schemeomponentvith a compounddatatypecanonly be bound
to acollectionproperty

Whetheratomicor compounda source-schemdatatypehasthreecomponents:

¢ A representatiortype whichis thetypeusedin generated@¢odeto represent
atomicvaluesof thedatatype.

e An optionaldatatypecornversion which is muchlik e a binding conversion
in thatit consistsf atargettype,a parsemethod,anda print method.The
tamgettypeis thedatatypesrepresentatiotype. Theparsemethodndicates
failureby throwing a TypeConst r ai nt Excepti on.

e A predicate which captureghetypeconstraint®f thedatatypehatarenot
implied by therepresentatiotype andsomustbe checleddynamically

Datatypes vs. binding conversions  Datatypecorversionsare distinct from binding
corversions.

Datatypecorversionsareassociatedavith specificdatatypeshatare eitherdefined
in thesourceschemaor implicit in thesourceschemdanguagatself. If theparsemethod
of suchacorversionfailsduringunmarshallinghentheinputdocuments invalid, which
is why it is requiredto throw a TypeConst r ai nt Excepti on.

Bindingcorversionshy contrastaredeclaredandnamedn thebindingschemaand
areprovided asa meansof augmentinghe sourceschemawith additionalapplication-
specificcorversions.A binding corversions parsemethodis simply a corvenienceas
suchits failure duringunmarshallingloesnot imply thatthe input documents invalid,
andsoit is not permittedto throw a TypeConst r ai nt Except i on.

If a source-schemaomponentdeclaresa datatype,and that datatypedefinesa
conversion,thenabindingconversionmaynot be appliedto thatcomponent.
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DTD-specificsemantics

The datatypingfacilities of DTDs arevery weak. The contentof instancesof simple
#PCDATA-only elementtypescannotbe constrainedat all. Attribute valuescanbe con-

strainedin afew ways,for exampleto be tokensin a certainset,or lists of tokens,but

thesearestill inadequatéor typicaldata-orientedpplication®of XML. Many suchappli-

cationshave thereforeadoptedhe“DT4DTD” datatype-annotatiocornventionsdefined
in theW3C noteDatatypedor DTDs[http://wwww3.0g/TR/dt4dtdl Thisspecification
supportghosecorventions.

Note Theprecisesetof datatypedo be supportedsia thesecorventions
hasyetto be determined.

Element-value declarations

An element-aluedeclaratiorhasthe form
<el enent name="elt" type="val ue" [convert="cmnv'|/>
andmayappeanonly atthetop level of thebindingschema.

Source constraints  The sourceschemamustcontainan element-typedeclaration,or
its equivalent,for theelementypeelt. Theelementypemustbesimple i.e., its content
specificatiormustallow characteicontentbut no elementcontent(e.g., #PCDATA or its
equialent),andit mustnothave ary attributes,exceptfor specialattributesusedonly to
cornvey datatypanformation.

If abinding-cowversionnamecrv is specifiedhenit mustnameacornversiondefined
atthetoplevel of thebindingschemaor definedasa built-in corversion.A bindingcon-
versionmaynotbespecifiedf theelementype’sdatatypalefinesadatatypeconversion.

Result Theschemacompilergeneratesodethattreatsanelt elementasavaluerepre-
sentingthe elements contentratherthanasaninstanceof anelementlass.Thevalue'’s
typeis thetargettype of thebindingcorversion,if arny, otherwiseit is therepresentation
typeof theelementype’s datatype.

An elementvalueis boundto a propertyby anelement-referenceontent-property
declarationgefinedbelov in §6.11. An element-aluedeclarationmposeghefollowing
requirementsiponthe methodslefinedin the containingelementclass:

e Theunnarshal (Unmarshal | er u) methodunmarshalsn elt elementin
theinputdocumentirectly, by scanningts starttag, its charactedata,and
itsendtag. If theelementype’sdatatypes compoundhenthecharactedata
is brokeninto non-whitespacéokens. If the datatypedefinesa corversion,
or if abindingcorversionis specifiedthenthatcorversionis appliedto the
charactedataor to eachtoken,asappropriate Theresultis takento bethe
valueof theelement.

a7
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6.9.1

6.9.2

Element-valueleclamations 6.9

If thescanneis notinitially positionedat a starttagfor anelt element
thenanl nval i dCont ent Except i on is thrown. If anattributeis scanned
thenan|Inval i dAttribut eException is thrown. If the contentof the
unmarshallecelementviolates a type constraintexpressedn the source
schemahenaTypeConst rai nt Except i on isthrown; if thecontentviolates
ary other constraintexpressedn the sourceschemathen an appropriate
Val i dati onExcepti on isthrown.

e ThevalidateThi s() methodchecksary local structuralconstraintghat
areexpressedn thesourceschema.

e Thenarshal (Marshal | er n) methodmarshalsanelt elemendirectly, by
writing its starttag, its charactercontent,andits endtag. If a binding or
datatypecorversionis definedthenit is first appliedto the elements value
in orderto computehecharacterso bewritten. If thedatatypas compound
thenthe propertys valuesarecorvertedindividually, if necessaryandthen
written with adjacenwaluesseparatedby singlespacecharacters.

DTD-specificsemantics

Datatypes and type constraints If thesourceDTD declaresnattributee- dt ype for the
elementypeelt thenit is interpretedn accordancevith theDT4DTD corventions.The
attribute’stypemustbeCDATA andits defaultdeclaratiormustbe#FI XED. Theelements
datatypdas namedby the default valueof theattribute.

If nodatatypds declaredhenthe elementype’s datatypds takento beanatomic
datatypewith therepresentatiotypej ava. | ang. St ri ng, nocorversionandapredicate
thatadmitsary value.

Example

In §6.6.2we sav that we could declareelementclassedor the synbol , quantity,
limt, stop, anddat e elementtypesandtreatthe contentof atrade elementasa
generakollectionproperty Thisis morecorvenientthanusingthe SAX or DOM APIs,
butit is still quiteawkward. We caninsteaddeclarehatinstance®f theseelementypes
shouldbetreatedasvaluesratherthanasobjects,andevencorvertthesevaluesto more
appropriataypesthanSt ri ng:

<el ement nane="synbol " type="val ue"/>

<el ement nane="quantity" type="value" convert="int"/>
<el ement name="limt" type="value" convert="price"/>
<el enent name="stop" type="val ue" convert="price"/>
<el enent name="date" type="val ue" convert="date"/>

Thesedeclarationswill be usedbelon whenwe give a model-baseatontent-property
declaratiorfor thet r ade elementype’s contentspecification.
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6.10 Model-basedcontent-property declarations
A model-basedontent-propertgleclaratiorhasthe form

<el ement nane="elt" type="class">
<cont ent >

<e| enent -ref nane="ref-elt' [property="prop'| [col | ection="coll"]/>
<choi ce property="prop" [col | ection="coll"] [supertype="typ€e']/ >
<sequence property="prop" [col | ection="coll"] [supertype="type]/ >

< ést property="prop"' [collection="coll"] [supertype="typée']|/>

andmayappeaonly within anelement-clasdeclaration Its contentmaybearny number
of element-referenceehoice-,0or sequence-propertjeclarationsin any order possibly
endingwith asinglerest-propertygleclaration Thesesubsidiarydeclarationseneto bind
thecomponent®f thecontentspecifications contentmodelto specificpropertieshence
they aretogetherreferredto asthe property modelof the containingcontent-property
declaration.

Source constraints  The sourceschemamustcontainan element-typedeclaration,or
its equivalent, for the elementnamedby the enclosingelement-classleclaration. The
contentspecificatiorof thiselement-typeleclaratiormustbeanelement-contennodel,
or its equialent;i.e., it mustbea descriptionof the sequencesf elementghatarevalid
asthe contentof anelt element.

The propertymodelin the binding schemamust cover the contentmodelin the
sourceschema. This constraintensureghat every componenof the contentmodelis
relatedto a specificdeclarationin the propertymodel,andthat eachdeclarationbinds
zeroor morecomponents$o a contentproperty

Todefinethisrelationmorepreciselywe assuméhatacontentmodelcanbeviewed,
abstractly asa tree of contentparticles consistingof element-typaeferenceschoice
groupsof particles,and sequenceyroupsof particles. Eachpatrticle carriesa repeat
specificatioowhosesyntaxandsemanticaredefinedby the sourceschemdanguagelf
theroot of thetreeis nota sequencgroupthenwe encloset in asequencgroupwith
arepeatpecificatiorthatrequiresexactly oneoccurrenceindthentake thatgroupto be
theroot. Thecoveringrelationis thendefinedasfollows:

e An element-referenceontent-propertyleclarationcoversan element-type
referencen the contentmodel.

e A choicedeclaratiorcoversachoicegroupin the contentmodel.
e A sequenceleclaratiorcoversasequencgroupin the contentmodel.

e A propertymodelcoversa contentmodelif, andonly if,
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— The repeatspecificationof the root sequencegroup requires
exactly oneoccurrenceand

— Thereis aninitial subsequencef therootsequencgroupsuch
that eachdeclarationin the propertymodel coversthe corre-
spondingchild of thesubsequence.

If thepropertymodelendswith arest-propertyleclaratiothentheremainingcomponents
of the root sequenceagroup, if ary, are consideredo be coveredby the rest-property
declaration.If arest-propertydeclarations not giventhenary remainingcomponents
mustbeelement-typeeferencesthey arecoveredby defaultelement-referengeroperty
declarationsasdescribedelov in §6.14.

Example Thecontentmodelof theDTD element-typaleclaration
<IELEMENT x ( &, b*, (c | d)+ (e f )+ g h) >
is coveredby eachof thefollowing propertymodels:

<cont ent >
<el ement -ref name="a"/>
<el ement -ref name="b"/>
<rest property="content"/>

<cont ent >
<el ement -ref name="a"/>
<el ement -ref name="b"/>
<choi ce property="c-or-d"/>
<sequence property="e-and-f"/>
<el ement -ref name="g"/>
<el ement -ref name="h"/>
<rest property="extras"/>

<cont ent >
<el enent-ref name="a"/>
<el enent-ref name="b"/>
<choi ce property="c-or-d"/>
<sequence property="e-and-f"/>

In the first casethe rest-propertydeclarationcovers all of the contentmodel except
for a andb*, while in the secondcaseit coversno content-modetomponentsthese
arediscussedurtherin §6.12. The last caseis interpretedasthoughit endswith the
declarationsel ement -ref name="g"/ > and<el enent -ref name="h"/>, whichare
appendecsdefaultsasexplainedin §6.14.
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Result The schemacompilerdefines,in the classbeinggeneratedor the containing
element-clasdeclarationthe setof propertiespecifiedby the declarationsn the prop-
erty model. The meaning2f thesedeclarationsaredefinedin the next two sectionsof
this chapter

Thecontent-propertdeclarationmpose®xactlythoserequirementsponthemeth-
odsdefinedin the enclosingelementclassthatareimposedby the subsidiaryelement-
reference-choice-,sequence-andrest-propertydeclarations.

Exampleof thevariouskindsof property-modetieclarationgregivenlaterin this
chapteraftertherequisiteconstructsaredefined.

DTD-specificsemantics

The element-contentnodelin an element-typedeclarationis flattenedasit is readby
the compiler: Eachchoiceor sequencgroupwithout anexplicit repeatspecifications
replacedy its content.Thusthe element-typealeclaration

<IELEMENT y ( a, b, (¢, d, e), (f|] g]| (h| i))) >
is effectively simplifiedto:
<IELEMENT y ( a, b, c, d, e, (f | g| h]i)) >

Thisremovestheredundanthoiceandsequencgroupsthatoftenarisewhenparameter
entitiesare usedto build up complex contentmodels. The structureof a model-based
content-propertygleclaratiormustmatchthatof the flattenedform of the contentmodel;
i.e., it mustnot containa choice-or sequence-propertyeclaratiorthatattemptgo bind
achoiceor sequencgroupthathasno explicit repeatspecification.

Element-referencecontent-property declarations
This type of declaratiorhastheform

<el ement nane="elt" type="class">
<cont ent >

<e| enent -ref nane="ref-elt' [property="prop'| [col | ection="coll"]/>

andmayappeaionly within amodel-basedontent-propertyleclaration.

Sourceconstraints Thesourceschemanustcontainanelement-typaleclarationpr its
equvalent,for the elementelt namedby the enclosingelement-classleclaration. The
element-referenqaropertydeclaratiormustcoverareferencen thecontenspecification
of thatelement-typeleclaratioio anelementypenamedef-elt Thereferencenayhave
ary repeatpecificatiorthatis valid in the sourceschemdanguagewith oneexception:
If the elementtype ref-elt hasa compounddatatypethenthe repeatspecificationrmust
notallow morethanoneoccurrence.
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Result The schemacompilerdefines,in the classbeing generatedor the enclosing
element-classleclaration,a propertyto representhe contentthatis matchedby the
element-typaeference.The nameof the propertyis prop, if specified;otherwiseit is
takento beref-elt The methodidentifiersusedin the realizationof this propertymust
be uniqgueamongthe methodsdefinedin the containingelementlass.
Beyondthis,themeaningof thedeclaratiordependsiponwhethertheelementype
ref-elthasanelement-classr anelement-aluedeclaratiorin thebindingschema.

6.11.1 Elementclasses

If anelementclassC is declaredn the bindingschemdor thereferencedlementype
ref-eltthentheresultingpropertyis a specialcaseof a general-contenproperty:

e Thepropertysbasetypeis C.

e Thepropertyspredicateonly acceptsnstance®f C', otherwiseghrowing an
I nval i dCont ent Chj ect Excepti on.

e The propertys collectiontypeis takento be the value of thecol | ecti on
attribute, if given; otherwiseit is the default reference-collectiontype if
therepeatspecificatiorof the element-typeeferenceallows morethanone
elementotherwisethe propertyis areferenceproperty

Thefurtherrequirementéamposeduponmethodslefinedin theenclosingelementlass,
andthetype andlocal constraintshatmustbe enforcedoy thosemethodsarethe same
asfor ageneral-conterpproperty

6.11.2 Elementvalues

If the referencecelementtype ref-elt insteadhasan element-alue declarationin the
bindingschemahentheresultingpropertyis definedasfollows:

e Thepropertysbaseaypeis thetamgettypeof thebindingconversion,if ary;
otherwiseit is therepresentatiotype of theelementype’s datatype.

e Thepropertys predicateenforcesary type constraintghatareexpressedn
thesourceschemain particular this predicatencorporateshe predicateof
theelementype’s datatype.

e The propertys collectiontypeis takento be the value of thecol | ecti on
attribute,if presentlf thebasetypeis a primitivetypethenonly thear r ay
collectiontype maybe specified.

If no collectiontypeis specifiedthenthe propertys collectiontypeis
afunctionof thebasetype,of the elementype’s datatypeandof therepeat
specificatiorof the element-typeeference:
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— If the repeatspecificationallows at mostone occurrenceand
thedatatypeas atomicthenthe propertyis a primitive property
if the basetypeis a primitive type, otherwiseit is a reference

property

— If therepeaspecificatiorallows morethanoneoccurrencegr if
thedatatypas compoundthenthepropertyis anarrayproperty
if thebasetypeis aprimitivetype,otherwiset is of thedefault
reference-collectiotype.

Thefurtherrequirementeamposeduponmethodslefinedin theenclosingelementlass,
andthe type andlocal constraintshat mustbe enforcedby thosemethods,are those
inducedby the element-aluedeclaration.

6.11.3 DTD-specificsemantics

Local structural constraints The element-typereferencen the sourceDTD thatis
coveredby the element-referencpropertydeclarationrmay have a repeatspecification
of ?, *, or +, which shouldbeinterpretedasrequiredby the XML 1.0 specification.

6.11.4 Example

We cannow give a model-baseaontent-propertydeclarationfor the t r ade element
type’s contentmodel:

<el ement nane="trade" type="class" root="true">

<cont ent >

<el ement -
<el ement -
<el ement -
<el ement -
<el ement -

r ef
r ef
r ef
r ef
r ef

name="synbol "/ >

name="quantity"/>

name="limt" property="limt-price"/>
name="stop" property="stop-price"/>
name="date"/ >

In combinationwith the element-aluedeclarationgivenearlier thesedeclarationwill
definethefollowing property-accessethodsn the Tr ade class:

public class Trade ... {
public String getSymbol ();
public void setSymbol (String x);
public int getQuantity();
public void setQuantity(int x);
public bool ean hasQuantity();
public void del eteQuantity();
public java.math. BigDeci mal getLimtPrice();
public void setLimtPrice(java. nath. Bi gDeci mal x);
public java. math. Bi gDeci mal get St opPrice();
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public void setStopPrice(java. math. Bi gDeci mal x);
public java.util.Date getDate();
public void setDate(java.util.Date x);

}

Thesynbol , quantity, anddat e elementsarerequiredby thet r ade elementtype’s
contentmodel,hencethe validationlogic in the Tr ade classwill ensurethatthe corre-
spondingpropertiesaregivenvalues.

6.12 Choice,sequenceand restcontent-property declarations
Thesetypesof declarationdave theform

<el enent nanme="elt" type="class">
<cont ent >

'<'c'hoi ce property="prop" [col | ection="coll"] [supertype="typ€e']/ >
<sequence property="prop" [collection="coll"] [supertype="typ€e]/ >

'<'rést property="prop" [col | ection="coll"] [supertype="typ€e']/ >
andmay appeanonly within amodel-basedontent-propertygeclaration.

Source constraints Thesourceschemanustcontainanelement-typealeclarationpr its
equialent,for theelementlt namedby the enclosingelement-clasdeclaration.

A choice-or sequence-propertjeclaratiormustcoveracorrespondingomponent
of theelement-typeleclarationrscontenimodel. A rest-propertyleclarations considered
to cover thosecomponentsif ary, of the contentmodel’s root sequencgroupthatare
not otherwisecovered.

If achoice-,sequence-gr rest-propertydeclaratiorspecifiesa supertypeaypethen
thattype mustbe a classor interfacedeclaredn the binding schema. That type must
alsobeasupertypeof eachof theelementlasseso which theelementypesreferenced
by the coveredcomponent(sdf the contentmodelarebound.

Result For eachinstanceof oneof thesehreetypesof propertydeclarationsheschema
compilerdefinesin theclassbeinggeneratefbr thecontainingelement-clasdeclaration,
apropertyto representhe contenimatchedy the coveredcontent-modetomponent(s).
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Eachsuchpropertyis definedexactly asif it werea general-contenproperty with the
following exceptions:

e The propertys contentis constrainedoy the coveredcomponent(syather
thanthe entirecontentspecification.

e A rest-propertydeclarationalways definesa collectionproperty eitherby
specifyingthe collectiontype explicitly or by usingthe default reference-
collectiontype.

o If arest-propertyleclaratiordoesnotcoverarny componentsasin thesecond
exampleonp.50,thenthepropertys predicateacceptary valueof thebase
type but the propertyis given a local structuralconstraintthat permitsno
values.

Thefurtherrequirementsmposeduponmethodslefinedin theenclosingelementlass,
andthetypeandlocal constraintshatmustbe enforcedoy thosemethodsareotherwise
the sameasfor a general-contenproperty

A content-propertygleclaratiorof theform

<content >
<rest property="prop'>

isin factequialentto the generakontent-propertgleclaration

<content property="prop' collection="list"/>

A completeexampleof arest-propertydeclarations givenbelow, in §6.14.1.

6.13 Attrib ute-property declarations
An attribute-propertydeclaratiorhasthe form

<attribute name="attr" [convert="cnv"]
[property="prop'| [col | ection="{array|list}"]/>

andmayappeanonly within anelement-clasdeclaration.

Source constraints  The sourceschemamust containan attribute declaration,or its
equialent, for an attribute namedattr on the elementtype namedby the enclosing
element-clasdeclaration.

If abinding-cowversionnamecrv is specifiedhenit mustnameacornversiondefined
within the enclosingelement-classleclaration definedat the top level of the binding
schemagpr definedasa built-in conversion. A binding corversionmay not be specified
if the attribute’ datatypedefinesa datatypecorversion,or if it is otherwiseforbidden
below.

Thepropertynameprop, if given,mustbeavalid XML name.
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Result The schemacompilerdefines,in the classbeinggeneratedor the containing
element-clasdeclarationa propertyto representhevalueof the namedattribute:

e The propertys nameis prop, if specified;otherwiseit is takento be attr.
Themethoddentifiersusedn therealizatiorof thispropertymustbeunique
amongthe methodsdefinedin the containingelementclass.

e Thepropertysbaseaypeis thetamgettypeof thebindingconversion,if ary;
otherwiseit is therepresentatiotype of theattribute’s datatype.

e Thepropertys predicateenforcesary type constraintghatareexpressedn
thesourceschemain particular this predicatencorporateshe predicateof
theelementype’s datatype.

e The propertys collectiontypeis takento be the value of thecol | ecti on
attribute,if presentlf thebasetypeis a primitivetypethenonly thear r ay
collectiontype maybe specified.

If no collectiontypeis specifiedthenthe propertys collectiontypeis
afunctionof thebasetype andof the attribute’s datatype:

— If the attribute’s datatypeis atomic (e.g., CDATA or NMITOKEN)
thenthe propertyis a primitive property if the basetypeis a
primitive type, otherwiseit is areferenceproperty

— If theattribute’'sdatatypes compounde.g., | DREFSor NMTOKENS)
thenthepropertyis anarrayproperty if thebasetypeis aprim-
itive type, otherwiseit is a collection propertyof the default
reference-collectiotype.

The attribute-propertydeclarationmposesfurther requirementsiponthe methodsde-
finedin theenclosingelementclass:

e Theunnar shal (Unmar shal | er u) methodunmarshalanattributebyread-
ing its charactedata.If theattribute’s datatypes compoundhenthe char
acterdatais brokeninto non-whitespac¢okens. If the datatypedefinesa
corversion,or if a binding corversionis specified thenthat corversionis
appliedto the charactedataor to eachtoken, asappropriate.Theresultis
takento bethevalueof theattribute property

If theattribute’svalueviolatesatypeconstrainexpressedn thesource
schemahena TypeConst rai nt Except i on is thrown; if its valueviolates
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ary other constraintexpressedn the sourceschemathen an appropriate
Val i dat i onExcepti on is thrown.

e ThevalidateThi s() methodvalidatesthe valueof the attribute property
againsthelocal structuralconstraintsxpressedn the sourceschema.

e Themarshal (Marshal | er m) methodmarshalsanattribute by writing its
nameandits value. If abindingor datatypecorversionis specifiedthenit is
first appliedto the component®f the propertys valuein orderto compute
thecharacterso bewritten. If thedatatypas compoundhenthe propertys
valuesarecorvertedndividually, if necessaryandthenwrittenwith adjacent
valuesseparatedby singlespacecharacters.

6.13.1 DTD-specificsemantics

If anattribute declarationspecifiesa default valuethenthe propertys default valueis
computedasif by unmarshallinghedeclarations default value.
DTDsdonotpermitduplicateattributes,soif two attributeswith thesamenameare
scannedhenaDupl i cat eAt tri but eExcepti on is thrown.
Attributepropertiesnaynotbedeclaredor attributesnamece- dt ype anda- dt ype,
which areinterpretedaccordingto the DT4DTD corventions.
Attributesof type| D, | DREF, and| DREFS are given specialtreatmenteyond the
computatiorof default valuesandthe enforcemenbf constraints:

e An attributeof typel Dis mappedo astringpropertyasspecifiedoelon. An
additionafinal stringmethodj d() , isdefinedhatalsoreturnghepropertys
value therebycompletingheimplementatiorofthel dent i f i abl eEl enent
interfaceby theenclosingelementlass.Thismethods invokedby thebind-
ing framework duringtheunmarshallingandvalidationprocesses.

e An attributeof typel DREF or | DREFS is mappedo a propertywith thebase
typel denti fi abl eEl ement . Theunmarshallingrrocessesohesidentifier
referencesn the input documentinto the identifiableelementobjectsthat
representhereferentelements.

Binding conversionsmay not be appliedto attributesof typel DREF and| DREFS.

Datatypes and type constraints  Attribute typesin the sourceDTD are mappedto
datatypeswith representatiotypes,predicatesandpredicate-#ilure exceptionsasfol-
lows:

e TheCDATA attributetypemapsto anatomicdatatypewith therepresentation
type St ri ng anda predicatehatacceptsary value,unlessa morespecific
datatypeis specifiedvia the DT4DTD corventions. In the latter casethe
attribute’s elementtype mustdeclarea #FI XED CDATA attribute a- dt ype



58

Attribute-piopertydeclamations 6.13

whosedefault valueis a sequencef pairsof attribute namesanddatatype
names.This attribute’s datatypas namedby the secondcomponenof the
pairwhosefirst components this attribute’s name.

e Thel D attribute type mapsto an atomic datatypewith the representation
type St ri ng anda predicatehatrequirests agumentto be a stringthatis
avalid XML name throwing anl nval i dNameExcept i on uponfailure.

e Thel DREF and| DREFS typesmapto atomicandcompounddatatypesre-
spectvely, with therepresentatiotypel dent i f i abl eEl enent andapred-
icatethatacceptsary value.

e TheNMIOKEN andNMI'OKENS typesmapatomicandcompoundiatatypeste-
spectvely, with therepresentatiotypeSt r i ng andapredicatehatrequires
its agumentto be a string that is a valid XML nametoken, throwing an
I nval i dNaneTokenExcept i on uponfailure.

e Anenumeratiorattributetypemapsto anatomicdatatypewith therepresen-
tationtype St ri ng anda predicatethatrequiresits algumentto be a string
thatis amemberof thelist of XML nametokensgivenin the attribute-type
declarationthrowinganl nval i dEnuner at i onVal ueExcept i on uponfail-
ure.

If the attribute declaratiors default componentis #FI XED then the attribute proper
ty’s predicatefurther requiresits agumentto be the specifiedfixed value, throwing a
Fi xedVal ueExcept i on uponfailure.

Local structural constraints An attributedeclarationn thesourceDTD mayimposethe
following kindsof local structuralconstraintaiponaninstanceof theenclosingelement
class:

e If theattribute declaratiors typeis eitherNMITOKENS or | DREFS thenif the
propertyhasa valueits lengthmustbe nonzero.If this constraintdoesnot
holdthenanEnpt yAt t ri but eVal ueExcept i on is thrown.

o If theattributedeclarations defaultcomponentis #REQUI RED thenthe prop-
erty musthave a givenvalue. It may be an empty value, e.g., the emp-
ty string, but it mustbe present. If this constraintdoesnot hold thena
M ssi ngAttri but eExcepti on isthrown.

Attributesthat are not explicitly declaredin the sourceDTD mustnot appeatin input
elements. If this constraintdoesnot hold thenan | nval i dAttri but eException is
thrown duringunmarshalling.
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Global structural constraints An attribute declaratiorin thesourceDTD mayimpose
the following kinds of global structuralconstraintsupon an input document,during
unmarshallingor upona contenttree,duringvalidation:

o If theattributedeclarationstypeis | Dthenthepropertysvalue,if any, must
beuniquein theinputdocumenbrin thecontentree. If thisconstraintsvio-
latedthenaDupl i cat el denti fi er Excepti onisthrown. Thisconstrainis
automaticallyenforcedby the bindingframewnork duringtheunmarshalling
andvalidationprocesses.

o If the attribute declarations type is | DREF or | DREFS thenduring unmar
shallingthe attribute’s value(s),if arny, in the input documentmustbe the
identifier(s)of elementsn thatdocumentlIf this constrainis violatedthen
anUndef i nedl denti fi er Excepti on is thrown.

This constraintis enforcedby the binding framewvork during unmar
shallingby amechanisnthatalsosenesto resoleidentifierreferenceto
| denti fiabl eEl ement objectsin the resultingcontenttree. For this to
work requiresthat the unmar shal methodof the enclosingelementclass
register eachreferenceddentifier by invoking the r ef erence(Stri ng,
Val i dat or. Pat cher) methodof the given umarshalles validator The
patcherobjectpassedo this methoddefinesa pat ch methodthattakesa
singlel denti fi abl eEl ement object. Thevalidatorwill invokethepatchey
passinghe resohed referent,sometime beforethe unmarshallingorocess
is complete. The patchershould,wheninvoked, sase the referentasthe
valueof the original reference.An exampleof how this is doneis shown
in appendixD.2.

e If the attribute declaratiors type is | DREF or | DREFS thenthe propertys
values|f ary, areoneor moremarshallable-elemewbjectsthatimplement
thel denti fi abl eEl enent interface.

Thevalidationprocessnustensurethateachsuchobjecthasaniden-
tifier, i.e., that the object’s i d methodreturnsa nonnul | value. If this
constraints violatedthenaM ssi ngAtt ri but eExcepti on is thrown.

Thevalidationprocessnustalsoensurghateachsuchobjectisamem-
ber of the samecontenttree asthe objectcontainingthis property If this
constraints violatedthenanExt er nal Ref er enceExcept i on is thrown.

Bothof theseconstraintareenforcedoy thebindingframenork during
validationsolong astheval i dat e methodof the enclosingelementclass
invokesthegivenvalidator’sr ef erence( | denti fi abl eEl ement) method
uponeachreferenceabject.
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6.13.2 Example

We canfinally completethe element-classleclarationfor thet r ade elementtype by
adding attribute-propertydeclarations. The attributesof the t rade elementtype are
declared:

<I ATTLI ST trade
account CDATA #REQUI RED

action ( buy | buy-to-cover | sell | sell-short )
#REQUI RED

duration ( inmediate | day | good-til-canceled )
"day" >

Thecorrespondingttribute-propertydeclarations

<el enent nane="trade" type="class" root="true">
<cont ent >
<el enent -ref nane="synbol "/ >

<attribute name="account" convert="int"/>
<attribute name="action"/>
<attribute name="duration"/>

definethefollowing methodsn the Tr ade class:

public class Trade ... {
public int getAccount();
public void setAccount (int Xx);
publ i ¢ bool ean hasAccount();
public void del et eAccount ();
public String getAction();
public void setAction(String x);
public String getDuration();
public void setDuration(String x);

}

Thevalueof anaccount attributewill becorvertedto anintegervalueby thebuilt-in i nt
corversion.Theset Act i on andset Dur at i on methodswill only permittheiraguments
to have thevaluesspecifiedn theDTD.

6.14 Default binding declarations

Having definedelement-clasand-valuedeclarationsgontent-propertgeclarationsand
attribute-propertydeclarationsye cannow definethe default binding declarationsas-
sumedby the schemacompilerwhena constructin the sourceschemadoesnot have a
correspondingleclaratiorin thebindingschema.
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Default binding declarationsoften yield a valid binding schemabut this is not
guaranteedEvery default declarationis subjectto all of the constraintghatapplyto a
non-de&ult declarationof the sametype. It is the responsibilityof the binding-schema
authorto correctthe binding schemaso thatthe explicit anddefault declarationstaken
togetherarevalid.

Element-type references in property models Supposethat a model-basedontent-
propertydeclaratiordoesnotendwith arest-propertydeclaratioranddoesnot coverthe
entire contentmodel of the correspondinglement-typedeclaration. If the remaining
component®f thecontentmodelarereferenceso the elementypeselty, elt», . . ., then
an element-referencpropertydeclarations assumedt the end of the propertymodel
for eachof theelt;, in theorderin whichthey appeaiin the contentmodel:

<el ement nane="elt" ...>
<cont ent >

<el ement -ref name="elt;"/ >
<el ement -ref name="elty"/ >

Content properties Supposehatanelement-clasdeclarationywhetherspecifiedexplic-
itly or by default, doesnot containa content-propertygleclaration.If the corresponding
elementype’s contentspecificationis a sequencgroupwith arepeatspecificatiorthat
requiresexactly onevalue,andif thatgroupconsistof oneor moreelement-typeefer
encesthenthemodel-basedontent-propertyleclaration

<el enent name="elt" type="cl ass">
<content/>
isassumedandsubsidiaryelement-referenqaropertydeclarationareassumedsabove.
Otherwise|f the elementtype’s contentspecificationis non-emptyi.e., it allows,

but doesnot necessarilyrequire,at leastsomecharacterr elementcontent,thenthe
generakontent-propertyleclaration

<el enent name="elt" type="cl ass">

<content property="content"/>

is assumed.

Element classes and values Supposdhatanelementypeelt is declaredn thesource
schemautthereis neitheranelement-clasdeclaratiomoranelement-aluedeclaration
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for elt in thebindingschemalf elt is simple,i.e,, if its contentspecificatiorallows char
actercontentbut no elementcontentandif it is referencecitherexplicitly orimplicitly
by atleastonemodel-basedontentproperty thenthe element-aluedeclaration

<el ement nane="elt" type="val ue"/>

is assumedOtherwisethe element-clasdeclaration

<el enent name="elt" type="class"/>
Isassumed.

Attributes Supposdhat an element-classleclarationwhetherspecifiedexplicitly or
by default, doesnot containan attribute-propertydeclaratiorfor an attribute attr thatis
declaredin the sourceschema.In this casethe following attribute-contenpropertyis
assumed:

<el ement nane="elt" type="cl ass">

<attribute name="attr"/>

Example: Restproperties

In combinationwith default element-classgleclarationsrest-contenpropertiesprovide
avery generalway to handlethe evolution of sourceschemasSupposéhatwe append
arest-contenpropertyto the propertymodelof thet r ade element-clasdeclaration:

<el ement nane="trade" type="class" root="true">
<content >

<el enent-ref name="date"/>
<rest property="rest"/>

Thiswill definealist propertyin theTr ade class:

public class Trade ...{

pubI ic List getRest();
public void del eteRest();
public void enptyRest();

}

With the stock-tradeDTD asit standsthis propertywill be constrainedocally to be
eitherabsenior empty The DTD canlater be evolved by extendingthe contentmodel
of thet r ade elementlype. Solong asthe original contentmodelis a prefix of the new
model,thebindingschemawill continueto bevalid. Recompilingthenex DTD with the
originalbindingschemawill generataTr ade classwith exactly thesamesignatureput
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ther est propertywill beallowedto containelemenbbjectsin accordance&vith thenewn
component®f thet r ade elementtype’s contentmodel. If the nev component®f the
contentmodelreferto elementtypesfor which elementclasse$ave not beendeclared
thendefault element-clasdeclarationsvill beassume@sdescribedabore.

6.14.2 Example: Default element-referenceproperties

Anotherway to handlethe extensionof contentmodelsover time is to take advantage
of the default insertionof element-referencdeclarationsnto propertymodelswhena

rest-propertydeclarationis not provided. Supposeg.g., that the stock-tradeDTD is

extendedwith fil | ed, pri ce, andexchange elementypesdeclared

<'ELEMENT filled ( date, price, exchange ) >
< ELEMENT price ( #PCDATA ) >
<! ELEMENT exchange ( #PCDATA ) >

andthatthe contentmodelof thet r ade elementypeis extendedo

< ELEMENT trade
( synbol, quantity, limt?, stop?, date, filled? ) >

sothatafil | ed elementecordsthe dateonwhich atradeis executedthe actualprice
at which the shareswveretraded,andthe nameof the exchangeuponwhich they were
traded.

If thesourceDTD is changedn this way thenthe bindingschemaneednotchange
atall, sincethedefault element-referencdeclaration

<el ement nane="trade" type="class" root="true">
<cont ent >

<el ement-ref nanme="date"/>
<el enment-ref name="filled"/>

will be assumedn the propertymodelof thet r ade element-classleclarationandthe
defaultelement-clasand-valuedeclarations

<el enent name="filled" type="class">
<content/>

<el enent name="price" type="val ue"/>

<el ement nane="exchange" type="val ue"/>

will beassumedor thenew fi | | ed, pri ce, andexchange elementypes.Recompiling
thenew DTD with theoriginal bindingschemawill generateTr ade classthatcontains
two additionalmethods:

public class Trade ...{

public Filled getFilled():
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public void setFilled(Filled x);
}

Thenew bindingwill alsodefineanelementclassfor thefi | | ed elementype:

public class Filled
ext ends Marshal | abl eQbj ect
i npl ements El enent

public java.util.Date getDate();
public void setDate(java.util.Date x);
public String getPrice();

public void setPrice(String x);

public String getExchange();

public void setExchange(String x);

}

This new classusegheexisting corversionfor thedat e elementypebut treatsthe new
pri ce andexchange elementsaassimplestrings.

6.14.3 Example: Compactbinding schemas

Default bindingdeclarationgnale it possibleto write very shortbindingschemasThe
minimal completebindingschemdor the stock-tradeDTD, e.g., is

<xm - | ava- bi ndi ng- schema>
<el ement nane="trade" type="class" root="true"/>

This muchis requiredonly becausdTDs do not provide a meangfor identifying root
elementtypes; the minimal binding schemafor a sourceschemathat identifiesroot
elementypesis completelyempty

The quality of the binding definedby the minimal binding schemadependsipon
theamountof datatypeinformationin the sourceschema.For a plain DTD suchasthe
stock-tradeexampleit producesa simplebut usablebindingthathasno corversionsbut
atleastbindssimpleelementypesdirectly to string propertiesand,if nothingelse,can
sere asa guidefor writing a morecompletebinding schemaby overriding the default
binding declarations.For a sourceschemahat specifiesdatatypeghe binding defined
by the minimal binding schemas likely to be moredirectly usable thoughan explicit
bindingschemawill still berequiredto specifyadditionalcorversionsor to definebetter
bindingsof complex contentmodels.

6.15 Enumeration declarations

An enumeratiordeclaratiorhastheform
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<enuner ation name="namé nenbers="mjq my ... my"/>

andmay appeateitherat thetop level of the bindingschemaor within anelement-class
declaration.

Sourceconstraints Theenumeratiomamemustbeavalid Java classname;it mustnot

haveapackageprefix. It mustbeuniquewith respecto thenamesf otherenumerations,

andof all binding corversions definedat the samelexical level of the bindingschema.

If theenumeratioris declarecdatthetop level of thebindingschemahennamemustalso

be uniquewith respecto theinterfacesandelementclassesleclaredat thatlevel.
Eachmembemamem,; mustbeavalid XML name.

Result The schemacompilerdefinesa public final enumeation classof the specified
name.|f the declaratiorappearsatthe top level of the binding schemahenthe classis
anordinaryclass;if thedeclaratiorappearsvithin anelement-clasdeclaratiorthenthe
new classis a staticinnerclassof the containingelementclass.

Theenumeratiortlassdefinesa setof namedvaluestogethewith abijective map-
ping betweenstringsandthosevalues. Eachvalueis representetby a uniqueinstance
of the classandis hamedby a static constantdefinedin the class. An enumeration
classEnumthereforecontainsone public, static, and final constantof type Enumfor
eachenumeratioomembern,;. Thenameof eachconstanis computedoy applyingthe
name-mappin@lgorithmto the correspondingnembemame. The resultingcollection
of constanhameganustnot containary duplicates.

Thebijective mappingdefinedoy anenumerations implementedy thepar se and
t oSt ri ng methodsanenumeratiorlassalsodefinesappropriatequal s andhashCode
methods:

public static Enumparse(String str);
public String toString();

publ i ¢ bool ean equal s(Chj ect ob);
public int hashCode();

e Thestaticpar se methodattemptgo mapits stringargumentto oneof the
enumeratiorsvalues.If amatchis foundthentheappropriateralueobjectis
returnedptherwiseanl | | egal Enunrer at i onVal ueExcept i on is thrown.

e Thet oSt ri ng methodreturnsthe stringassociatedavith the instanceupon
whichit is invoked.

e Theequal s methodreturnst r ue if, andonly if, its agumentis the object
uponwhichit is invoked.

e The hashCode methodreturnsthe identity hashcode of the objectupon
whichit is invoked.

65
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An implicit bindingcorversionis definedfor everyenumerationThecorversionsname
istheenumeratiorsnamejts parsemethods thestaticpar se methodof theenumeration
class,andits print methodis thet oSt r i ng instancemethodof the enumeratiorclass.

Scope Enumeratiordeclarationsiestiexically within thebindingschemalf anenumer
ationdeclaratiomppearsvithin anelement-clasdeclaratiorandhasthe samenameas
anenumeratiomleclarecatthetoplevel thentheinnermostdeclaratiortakesprecedence.

DTD-specificsemantics

If the implicit binding corversiondefinedby an enumeratiorclassis specifiedin an
attribute-propertydeclaratiorfor anenumeratiorattributethenthe setof membemames
specifiedin the enumeratiordeclarationmust be identical to the set of hametokens
specifiedn theattribute declaration.

Example

Enumeratiorclasseswhile perhapsunfamiliar to the averageprogrammerleveragethe
Java programminglanguages type systemto statically enforcethe constraintthat the
valueof a propertymustbe a memberof a specificset. With DTDs they aremostoften
usedto definecorversiongor enumeratiorattributes thoughthey canalsobeappliedto
charactecontentvia element-aluedeclarations.

We can,e.g., declarean enumeratiorclassfor the act i on attribute of thetrade
elementype:

<enuneration name="Action"
menber s="buy buy-to-cover sell sell-short"/>

This declarationwould defineanenumeratiorclasswith this signature:

public final class Action {
public static final Action BUY;
public static final Action BUY_TO COVER
public static final Action SELL;
public static final Action SELL_ SHORT;
public static Action parse(String x);
public String toString();
publi ¢ bool ean equal s(Qbj ect ob);
public int hashCode();

}

The implicitly-defined corversionAct i on may be specifiedin the declarationof the
acti on attribute property:

<el enent name="trade" type="class" root="true">

<attribute name="action" convert="Action"/>
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This would thendefineareferencegpropertyof typeAct i on in theTr ade class:

public class Trade ... {

public Action getAction();
public void setAction(Action x);

}

Similar declarationsnay be usedto definea Dur at i on enumeratiorclassfor usewith
thedur at i on attribute.

6.16 Constructor declarations

A constructodeclaratiorhasthe form
<constructor properties="pi p2 ... py"/>
andmayappeaionly within anelement-clasdeclaration.

Source constraints  The propertynamesp;, of which theremustbe at leastone, must
bevalid XML namesandmustbeunique. Eachpropertynamemustbe identicalto the
nameof a propertydefinedin the enclosingelementclass.

Result The schemacompilerdefines,in the classbeinggeneratedor the containing
element-classleclarationa constructorthat takes a parametewof the appropriatetype
for eachof the specifiedproperties. When invoked, the constructorinitializes these
propertieswith the valuespassedn asthe correspondin@rguments. The constructor
enforcegsype constraintan the samemannerasthey would be enforcedby a property
mutationmethod.Instancegreatedy invoking this constructomill initially beinvalid.

6.16.1 Example

Theconstructodeclaration

<el enent name="trade" type="class" root="true">
<constructor properties="account action symbol quantity"/>

definesa constructoiin the Tr ade classfor all of at r ade elements requiredattributes
andcontentexceptfor dat e, whichwe assumewill befilled in later:

public class Trade ... {
Trade(int account, Action action,
String symbol, int quantity);
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6.17 Interface declarations
An interfacedeclaratiorhastheform

<interface name="namé
menbers="C; Cy ... C,"

[properties="p1 p2 ... pn"|l>

andmay appeaionly atthetop level of the bindingschema.

6.16

Source constraints  The interfacenamemustbe a valid Java classhame;it mustnot
haveapackageprefix. It mustbeuniquewith respecto theelementlassesenumeration

classesandotherinterfacesdeclaredat thetop level of the bindingschema.

The membemamesC; mustbe unique. Eachmembemamemustbe a valid Java
classnameand mustbe the nameof an elementclassor an interfacedeclaredin the

bindingschema.

The property namesmust be valid XML namesand must be unique. For each
propertynamep;, eachclassor interfaceC; mustdefinea propertyof thatname.These
propertiesmust have the samebasetype and collectiontype acrosstheseclassesand

interfaces put they may have differentpredicatesanddefault values.

Result The schemacompilerdefinesa public interfaceof the specifiedname. Each
memberclassC; is declaredto implementthis interface. The interface declaresthe

methodghatrealizeeachof the specifiedproperties.

6.17.1 Example

Interfacedeclarationgprovide away to definea type morespecificthanthe default type
Mar shal | abl etoj ect for apropertyto whichacomplex contentcontentspecifications
bound. This partly mimicsthe useof parameteentitiesin DTDs to encapsulatehoices

in element-conteninodels.

Supposeg.g., that we extend the stock-tradeDTD so that we canalso describe
transfers.Thet r ansf er elementypeis similartot r ade exceptthatit hasanadditional
requiredattribute,t o- account , torepresenthedestinatioraccountandit doesnotallow

limt orstop elementsn its content:

< ELEMENT transfer ( symbol, quantity, date ) >
<I ATTLI ST transfer

account CDATA #REQUI RED

t o-account CDATA #REQUI RED >

Theelement-clasdeclaration

<el ement nane="transfer" type="class" root="true">
<attribute nane="account" convert="int"/>
<attribute nane="to-account" convert="int/>
<cont ent >
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<el enent -ref name="synbol "/ >
<el ement-ref name="quantity"/>
<el enent-ref nane="date"/>

will defineaTr ansf er classwhosesignaturewill exactly matchthatof theTr ade class
for eachof thesharedpropertiesaccount , synbol , quantity, anddat e.

Supposehatwe furtherextendthestock-traddDTD sothatwe candescribebatches
of transfersandtrades.If thet ransact i on- bat ch elementypeis declared

< ELEMENT transaction-batch ( trade | transfer )+ >

thentheelement-clasdeclaration

<el enent name="transaction-batch" type="class" root="true">
<content >
<choi ce property="transactions" collection="array"/>

definesa classwith the (partial) signature

public class TransactionBatch
ext ends Marshal | abl eRoot El ement
i npl ement's Root El enent

public Marshal | abl eQbj ect[] get Transactions();
public void setTransactions(Marshallabl eQbject[] X);

}

TheTransact i onBat ch classs someavhatclumsyto useasit stands:Thearrayreturned
by theget Tr ansact i ons methodis of typeMar shal | abl eQvj ect [] , sowe mustper

formi nst anceof testsandinserttype castsn orderto make useof its content.We can
improvethesituationby declaringaninterfacethatis implementedy boththeTr ade and
Transf er classesndthatdeclareshemethodsusedin therealizationf theircommon
properties.Theinterfacedeclaration

<interface name="Transacti on"
menbers="Trade Transfer"
properties="account symbol quantity date"/>

definesheinterface

public interface Transaction {
public int getAccount();
public void setAccount(int x);
public bool ean hasAccount();
public void del eteAccount();
public String getSymbol ();
public void setSymbol (String x);
public int getQuantity();
public void setQuantity(int x);
public bool ean hasQuantity();



70

Interfacedeclamations 6.17

public void del eteQuantity();
public java.util.Date getDate();
public void setDate(java.util.Date x);

}

which in turn canbe specifiedasthe supertypeof thetransacti ons propertyof the
element-clasdeclaratiorfor thet r ansact i on- bat ch elementype:

<el ement nane="transaction-batch" type="class" root="true">
<content >
<choi ce property="transactions" collection="array"
supertype="Transaction"/>

Thesechangeyield aTr ansact i onBat ch classwith the signature

public class TransactionBatch
extends Marshal | abl eRoot El ement
i npl ement's Root El enent

public Transaction[] getTransactions();
public void setTransactions(Transaction[] x);

}

which obviatesthe needfor i nst anceof testsandtype castinginsofar astradesand
transactionganbetreateduniformly.
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A.1l Interfaces

El enent j avax. xni . bi nd

interface Elenent {
void validateThis() throws Local ValidationException;
}

Interface implementedby all elementclassesthat is, classesderived directly from
element-typealeclarations.

For corveniencethis interfaceredeclaresheval i dat eThi s() methoddefinedin
the Val i dat abl eQbj ect class. Thefull specificationof this methodmay be foundin
thatclass.

voi d validateThis() throws Local ValidationException;

Ensuredhatthis objectdoesnot violateary local structuralconstraints.This methodis

exactlytheval i dat eThi s() methoddefinedin theVal i dat abl eQbj ect class.

throws I nvalidContent Exception If thechildrenof thisobjectviolatethecortent
specificationof the schemacomponentirom which this objects classwas
derived

throws If apropertyderivedfrom arequiredattribute hasnovalue

throws M ssingCont ent Exception If apropertyderivedfrom arequiredcontent
componenhasno value
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| denti fi abl eEl enent j avax. xni . bi nd

interface ldentifiabl eEl enent
ext ends El ement
{

}

Interfaceimplementedyy elementclassesiervedfrom elementypescontainingan ID
attribute.

String id();
Returnsthis elementobjects identifier value,or nul | if its identifier propertyhasnot

beengivenavalue.
returns ThiselementsID value,or nul | if it hasnone

String id();

Predi cat edLi sts. Predi cate j avax. xni . bi nd

static interface PredicatedLists.Predicate {
void check(bject ob);
}

A predicatdor a predicatedist.

voi d check(Cbject ob);

Checkghatthis predicateholdsfor the givenobject.
throws RuntineException If thegivenobjectviolatesthis predicate

Root El enent j avax. xni . bi nd

i nterface Root El enent
ext ends El enent
{

}

Interfaceimplementedy all root elementclasses.

For corveniencethisinterfaceredeclareshepublicrootvalidationmethoddefined
in theVal i dat abl e(bj ect class.Thefull specificatiorof this methodmaybefoundin
thatclass.

void validate() throws StructureValidationException

void validate() throws StructureValidationException;

Validatesthe contenttreerootedat this object. This methodis exactly theval i dat e()
methoddefinedin theVal i dat abl eQbj ect class.
throws StructureValidationException If ary structurakconstraintsareviolated

A.2 Classes



Di spat cher

Di spat cher j avax. xm . bi nd

final class Dispatcher {
Di spat cher () ;
void freezed assMap();
void freezeEl ement NameMap() ;
O ass |ookup(C ass nobhd ass);
O ass lookup(String el ement Nane)
t hrows Unrecogni zedEl enent NameExcept i on;
void register(dass mbdass, Cass userdass);
void register(String el ementName, O ass el enentC ass);
Root El ement  unmarshal (j ava.io. InputStreamin) throws Unmarshal Exception;
Root El ement  unmar shal (j avax. xm . mar shal . XMLScanner xs)
t hrows Unmar shal Excepti on;
Root El ement  unmar shal (j avax. xm . mar shal . XM.Scanner xs, O ass rootd ass)
t hrows Unmar shal Excepti on;

}

A dispatder is usedto mapelementhamesto classnamesandto initiate the unmar
shallingprocess.

A dispatchercontainstwo maps,an element-namenap and a classmap The
element-namenap mapselementnamesto marshallable-objeatlassesthe classmap
mapsmarshallable-objeatlassedo userdefinedsubclasses.

New mappingsmay be registered in eachmap. Eachmapmay also be frozenin
orderto guardagainstunwantedconcurrentmodification. The unmarshallingorocess
alwaysfreezeshothmapsof thedispatchethatit uses.

Di spat cher();
Constructsa new, emptydispatcher

voi d freezed assMap();

Freezeghis dispatches classmap. Furtherattemptsto register user subclasse®f
schema-devied marshallable-objeatlassewill resultin anl || egal St at eExcepti on
beingthrown.

voi d freezeEl ement NameMap() :

Freezeshisdispatches element-namenap. Furtherattemptdo registerelemennames
will resultin anl || egal St at eExcept i on beingthrown.

Cl ass | ookup(d ass nobCl ass);

Appliesthe classmapto the givenmarshallable-objeatlass.

returns Theuserclassto which the givenclassis mappedpor the givenclassif it has
notbeenmapped

73
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Cl ass | ookup(String el enent Nane)
t hrows Unrecogni zedEl ement NaneExcept i on;

Determinegheclassto be usedwhenunmarshallinghe givenelementhame.Theclass

to be usedis computedby applyingthe element-namenapto the givennameandthen

applyingthe classmapto theresultingclass.

param el ement Name  Thenon-colonizecklementnamebeinglookedup; mustnot
bethe emptystring

returns Theclassto which thegivenelementhameis mapped

throws Unrecogni zedEl enent NaneException If no classfor the given element
namecanbefound

voi d register(C ass nobd ass, Cass userd ass);

Ragistersthegivenuserclasssothatit will beusedin placeof thegivenschema-deved

marshallable-objedlassduringunmarshallingRequireghatthisdispatchesclassmap

is notfrozen.

This methodis provided primarily sothatusersubclassesf schema-deviedelement

classesnaybedefinedandused.

param mobC ass A schema-deviedsubclasf Mar shal | abl eCbj ect for which
no classmappinghasyet beendefined

param userC ass Theuserdefinedsubclasefnobd ass, for whichnoclassmap-
ping hasbeendefinedto be usedin placeof thatclassduringunmarshalling

throws |11 egal StateException If thisdispatchers classmapis frozen

void register(String el ement Nane, C ass el enentC ass);

Rayistersthe givenelementnamesothatit will beunmarshalledinto aninstanceof the

givenelementclass.Requireghatthis dispatchers element-namenapis notfrozen.

param el ement Name  Thenon-colonizectlementnamebeingregisteredmustnot
be the emptystring

param el ementC ass Theclassto beusedto unmarshaklementswith the given
name;mustextendMar shal | abl eCbj ect andimplementtheEl enent inter-

face
throws If theelementhamehasalreadybeenregistered
throws |1l egal StateException If thisdispatches element-namenapis frozen

Root El enent unmarshal (j ava.io. | nput Streamin)
t hrows Unmar shal Excepti on;

Unmarshalsaindvalidatesa contenttreefrom the giveninput stream.An invocationof
this corveniencanethodbehaesin the samemannerasthe expression

unnar shal (j avax. xm . mar shal . XM.Scanner . open(in))

param in Theinputstreamfrom which datawill beunmarshalled
returns Therootelementbbjectof avalid, unmarshalleadontenttree
throws javax.xn . marshal . Scanl CException If anl/O erroroccurs
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throws |avax.xm . marshal . ScanException If theinputdocumentis not well-
formed

throws ValidationException If theinputdocumentviolatesthe constraintsex-
pressedn thesourceschemapr someothervalidationerroris detected

Root El enent unmar shal (j avax. xnl . mar shal . XM_LScanner Xxs)
t hrows Unmar shal Excepti on;

Unmarshalsand validatesa contenttree using the given scanner After freezingboth

the element-namandclassmaps,this methodexaminesthe scannes currentstarttag,

mapsit to a marshallable-objectlassvia the | ookup method,and theninvokes the

unmar shal (j avax. xml . mar shal . XM_Scanner, C ass) method,passinghescanner

andtheclass.

param Xxs Thescannefrom which datawill beunmarshalled

returns Therootelementobjectof avalid, unmarshalleadontenttree

throws I nvalidContent Exception If thescanneis notcurrentlypositionedata
starttag,or if someotherinvalid contentis laterencountered

throws Unrecogni zedEl ement NaneException If theelementnamein thecurrent
starttag is not registered,or if someother unrecognizecelementnameis
encountered

throws If anattributethatis not permittedfor the currentelements scanned

throws javax.xm . marshal . Scanl CException If anl/O erroroccurs

throws |avax.xm . marshal . ScanException If theinputdocuments not well-
formed

throws ValidationException If theinputdocumentviolatesthe constraintsex-
pressedn thesourceschemapr someothervalidationerroris detected

Root El enent unnmar shal (j avax. xm . marshal . XMLScanner Xs,

Class root d ass)
t hrows Unmar shal Excepti on;

Unmarshalandvalidatesa contenttreeusingthe givenscannerandroot elementlass.

After freezingboth the element-nameand classmaps,this methodinstantiatesa new

Unmar shal | er with thisdispatcheandthegivenscannerlt thenusesheunmarshaller

to unmarshahninstanceof the givenclassandvalidatethe resultingcontenttree. This

methodcloseghegivenscannewhenit terminatesywhethemormallyor by throwing an

exception.

param Xxs Thescannefrom which datawill beunmarshalled

param rootC ass Therootmarshallable-objeatlassto beinstantiated

returns Therootelementbbjectof avalid, unmarshalleadontenttree

throws I nval i dCont ent Exception If thescanneis notcurrentlypositionedata
starttag,or if someotherinvalid contentis laterencountered

throws Unrecogni zedEl ement NaneException If theelementnamein thecurrent
starttagis not the elementnamehandledby the givenclass,or if someother
unrecognize@lementnameis laterencountered

throws If anattributethatis not permittedfor the currentelements scanned
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throws javax.xn . marshal . Scanl CException If anl/O erroroccurs

throws javax.xm . marshal . ScanException If theinput documentis not well-
formed

throws ValidationException If theinputdocumentviolatesthe constraintsex-
pressedn the sourceschemagpr someothervalidationerroris detected

Mar shal | abl e(oj ect j avax. xm . bi nd

abstract class Marshal | abl eQbj ect
ext ends Val i dat abl eQj ect
{

protected Marshallableject();
void marshal (Marshaller n) throws java.io.|CException;
abstract void unmarshal (Unmarshaller u) throws Unnarshal Excepti on;

}

Abstractbaseclassfor objectsthatcanbemarshallecandunmarshalledThemethodsn
thisclassjn conjunctionwith thosantheMar shal | er ,Di spat cher ,andUnmar shal | er

classesdefinetheprocessesf marshallingcontentreesinto XML documents&ndvice-
versa.

ThisclassdoesnotimplementtheEl enent interfacebecaussomeschema-devied
classesvill be marshallabléout will not beelementclasses.

Both marshallingand unmarshallingare optional operationdbecausen someap-
plicationsonly oneor the otheroperationis of interest. If a particularoperationis not
supportedhenanUnsuppor t edOper at i onExcept i on is thrown whenthe correspond-
ing methodis invoked.

protected Marshal | abl eQbj ect();
Initializesa new marshallablebject.

voi d marshal (Marshaller m throws java.io.|OException;

Marshalghe contentof this object,andits children,usingthegivenmarshalle(optional
opemation). Requireghatthe objectbevalid.

Thismethodmustusethegivenmarshalles XMW i t er to write thecontenif thisob-
ject,andit mustinvokethegivenmarshallersmar shal ( Mar shal | abl eQbj ect) method
to marshakny children.

As definedin this class,this methodthrows anUnsuppor t edQper at i onExcepti on;
it shouldbe overriddenonly by schema-devied classes.This methodshouldonly be
invoked by the marshallingprocessijts behaior wheninvokedin any othermanneris
unspecified.
param m Themarshalleto beused
throws java.io.|OException If anl/O erroroccurs
throws UnsupportedQperationException If this objectdoesnot supportmar

shalling
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abstract void unmarshal (Unmarshal | er u) throws Unmarshal Excepti on;

Unmarshalanelemenr somecharactedatainto this object,corvertingdataasneces-
sary checkingtype constraintsandlocal structuralconstraintsandrecordingthe infor-
mationrequiredto checkglobalstructuralconstraints.
This methodmustusethe given unmarshalles XM.Scanner to parsethe elements
and attributesrepresentedby this object. It mustrecursvely invoke the given unmar
shallersunnar shal () andunmar shal (Cl ass) methodgo unmarshaany subelements.
Finally, it mustinvoke ther ef erence(String, Validator. Patcher) methodof the
marshallers validatorin orderto arrangefor thetamgetof eachidentifierreferenceo be
installedoncethereferencas resohed.
As definedin this class this methodthrows anUnsuppor t edQper at i onExcept i on;
it shouldbe overriddenonly by schema-devied classes.This methodshouldonly be
invokedby theunmarshallingprocessits behaior wheninvokedin ary othermanneris
unspecified.
param u Theunmarshalleto beused
throws javax.xm . marshal . Scanl CException If anl/O erroroccurs
throws |avax.xm . marshal . ScanException If thesourcedocumenis notwell-
formed

throws InvalidContent Exception If the unmarshalles scanneiis not initially
positionedat an appropriatestarttag or at somecharacteidata,accordingto
whethetthisobjectis to represenanelemenbr charactedata,respectiely; or
if this objectis to represenainelementandthe elements contentspecification
asdescribedn thesourceschemas violated

throws ValidationException If atypeor structuralconstraintis violatedby the
inputdocument

Mar shal | abl eRoot El enent j avax. xni . bi nd

abstract class Marshal | abl eRoot El ement
ext ends Marshal | abl eChj ect // Validatabl eQbj ect
i npl ement's Root El enent

protected Marshall abl eRoot El enent () ;
final void marshal (java.io.QutputStream out) throws java.io.|OException;
final void narshal (javax.xnl.marshal . XMW iter xw)
throws java.io.| OException;

}

Abstractbaseclassfor root elementobjectsthat canbe marshalledandunmarshalled.
The marshallingmethodsn this class,in conjunctionwith the unmarshallingmethods
definedin theDi spat cher classandin everyschema-devedmarshallableootelement
class,arethe primaryentry pointsfor the marshallingandunmarshallingprocesses.
Both marshallingand unmarshallingare optional operationsbecausen someap-
plicationsonly oneor the otheroperationis of interest. If a particularoperationis not
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supportedhenanUnsupport edOper at i onExcept i on is thrown whenthe correspond-
ing methodis invoked.

Static methodsin marshallableroot el ement classes Thisclassonly definesnarshalling
methods.Theunmarshallingnethodsassociateavith aspecificroot class aswell asthe
methodfor creatingadefaultdispatchegmustbestaticmethods.TheJavaprogramming
languagedoesnot supportabstractstatic methods,however, so the schemacompiler
generatefour staticmethodsn eachmarshallableootelementlass.For arootelement
classFoo theprimaryunmarshallingnethodhasthe signature

public static Foo unnarshal (javax. xml . marshal . XM.Scanner xs,

Di spat cher d)
t hrows Unmar shal Except i on;

andbehaesexactly the sameasthe expression

(Foo) (d. unmarshal (xs, Foo.class))

The othertwo staticunmarshallingnethodsaresimply corveniencemethodghatusea
dispatchemobtainedfrom the staticnewDi spat cher methodand,in the lastcase,also
createa new scannefrom thegiveninput stream:
public static Foo unmarshal (javax. xnl. marshal . XM.Scanner xs)
t hrows Unmar shal Except i on;

public static Foo unmarshal (java.io.lnputStreamin)
t hrows Unmar shal Except i on;

Finally, the staticmethodfor creatinga new default dispatchehasthe signature
public static Dispatcher newDi spatcher();

Thismethodcreategnew dispatcheandinitializesit to mapeachelemennamedefined
in thesourceschemdrom whichtherootelementlasswasderivedto thecorresponding
marshallableootelementlass.After beinginitialized theelement-namenapis frozen.
Usersubclassesf schema-deviedmarshallable-objeatlassesnaythenberegisteredf
desired.

protected
Mar shal | abl eRoot El enent () ;

Initializesa new marshallableoot elementobject.

final void marshal (java.io.Qutput Stream out)
throws java.io.|OException;

Marshalsthe contenttreerootedat this objectto the given outputstream(optional op-

eration). This conveniencemethodbehaesin exactly the sameway asthe expression

mar shal (new XMW iter(out)).

param xw TheXML writerto beused

throws java.io.|OException If anl/O erroroccurs

throws If the contenttreerequiresvalidation

throws UnsupportedQOperati onException If someobjectin thecontentreedoes
not supportmarshalling
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final void marshal (javax.xnl . marshal . XML\Witer xw)
throws java.io.|OException;

Marshalsthe contenttree rootedat this objectusing the given XML writer (optional
operation).

This methodcreatesa new Mar shal | er basedupon the given writer, invokes its
mar shal ( Mar shal | abl eQbj ect) method passinghisobject,andthenflusheghewrit-
er.
param xw TheXML writer to beused
throws java.io.|Oexception If anl/O erroroccurs
throws If the contenttreerequiresvalidation
throws UnsupportedQOperati onException If someobjectin thecontenttreedoes

not supportmarshalling

Mar shal | er j avax. xm . bi nd

final class Marshaller {
void marshal (Marshal | abl eCbj ect mob) throws java.io.| OException;
j avax. xnl . marshal . XMW i t er
witer();

}

A marshallergovernsthe procesf marshallinga valid contenttreeinto an XML doc-
ument. It encapsulatethe writer usedduringa marshallingoperationandprovidesthe
basicmarshallingmethod.

Theproces®f marshallingacontentireebeginswhenoneof themar shal methods
of the tree’s root elementobjectis invoked. This methodcreatesa new unmarshaller
from the givenwriter andinvokesits mar shal method passingherootobject,andthen
flushesthewriter.

Themarshallingprocesgloesnot validatethe contenttree beingmarshalledbut it
doesrequirethetreeto bevalid. If aninvalid objectis detectediuringmarshallinghena
Val i dati onRequi r edExcept i on will bethrown andthemarshallingoperatioraborted.
This may causeanincompleteXML documento be written; to avoid that, ensurethat
the contenttreeis valid beforeinvoking amar shal method.

voi d marshal (Marshal | abl eCbj ect nmob) throws java.io. | OCException;

Marshalsthe givenmarshallablebjectusingthis marshallers writer.
This methodinvokesthe givenobjects mar shal ( Mar shal | er) method passinghis
marshaller
throws java.io.|OException If anl/O erroroccurs
throws If thegivenobjectrequiresvalidation
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javax. xm . marshal . XMLW i ter

witer();
Returnsthewriter to be usedduringthis marshallingoperation.
returns Thewriter

PCDat a j avax. xm . bi nd

final class PCData
ext ends Marshal | abl eCbj ect // Validatabl eQbj ect
i mpl enents Conpar abl e

PCDat a() ;
PCData(String chars);
String chars();
void chars(String chars);
int conpareTo(Ohject ob);
bool ean equal s(Obj ect ob);
String getChars();
int hashCode();
void nmarshal (Marshaller m) throws java.io.|OException;
void setChars(String chars);
void unmarshal (Unmarshal I er um) throws Unnarshal Exception;
void validateThis() throws M ssingContentException;

}

Marshallable-objeatlassfor parsedcharactedata.

Instanceoof this classare usedto representharacterdataoccurringin elements
with simplecharactecontentor mixedcontent.

An instanceof this classmustcontaincharactedatain orderto bevalid.

PCDat a( ) ;
Constructsa new instanceof this classwith no charactedata.

PCData(String chars);

Constructsa new instanceof this classwith the givencharactedata.
param chars Thecharactedatafor thisinstance

String chars();

Returnshecharactedatain thisinstance.
returns Thecharactedata

void chars(String chars);

Changeghecharactedatain thisinstance.
param chars Thenew charactedatafor thisinstancemaynotbenul |
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int conpareTo(Chject ob);

Compareghis objectto anotherobject. Two instancesof this classare comparedby

comparingtheir charactedatain themannerof the St ri ng. conpar eTo method.

param ob Theobjectwith whichthis objectis to becompared

returns A negative integer, a positive integer, or zeroasthis objectis lessthan,equal
to, or greatetthanthegivenobject

throws Cl assCast Exception If thegivenobjectis notaninstanceof this class

bool ean equal s(bj ect ob);

Tells whetheror not this objectis equalto another Two instance®f this classareequal
if, andonly if, their charactedataareequal.

param ob Theobjectwith whichthis objectis to becompared

returns true if, andonly if, this objectis equalto thegivenobject

String getChars();

Returnshe charactedatain thisinstance.
returns Thecharactedata

i nt hashCode();

Returnsa hash-code/aluefor this object.
returns A hash-codealue

voi d marshal (Marshaller m) throws java.io.|OException;

voi d set Chars(String chars);

Changeghe charactedatain this instance.
param chars Thenew charactedatafor thisinstance

voi d unmarshal (Unmarshal | er um) throws Unmarshal Excepti on;

voi d validateThis() throws M ssingContentExcepti on;

Pr edi cat edLi sts j avax. xni . bi nd

final class PredicatedLists {
static java.util.List createlnvalidating(Mrshallabl eCbject nob,
Predi cat edLi sts. Predi cate pred,
java.util.List list);
static java.util.List create(Mrshallabl eChject nob,
Predi catedLists. Predicate pred,
java.util.List list);
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Lists for implementingschema-deviedlist properties.

A predicatedist enforcesa predicaterepresentetdy anobjectthatimplementghe
Predi cat edLi sts. Predi cat e interface. If an attemptis madeto add an objectthat
doesnot satisfythe predicatehenanappropriateuntimeexceptionis thrown.

A predicatedlist optionally invalidatesthe marshallableobject with which it is
associateafterthelist is modifiedin ary way. This ensureghatboththe marshallable
objectandthelist arerevalidatedduringthe next validationoperation.

static java.util.List
createl nval i dating(Marshal | abl eCbj ect nob,
Predi cat edLi sts. Predi cate pred,
java.util.List list);

Constructsa new invalidatingpredicatedist.
Thegivenmarshallablebjectwill beinvalidatedeachtime thelist is modified.
param nmob  The marshallableobjectwith which the new predicatedist is to be

associated
param pred Thepredicateo beenforceduponlist elements
param |ist Thelist thatwill backthe new predicatedist

returns Thenew predicatedist

static java.util.List create(Marshallabl eCbject nob,
Predi cat edLi sts. Predi cate pred,
java.util.List list);

Constructsa new predicatedist.
param nmob  The marshallableobject with which the new predicatedist is to be

associated
param pred Thepredicateo beenforceduponlist elements
param |ist Thelist thatwill backthe new predicatedist

returns Thenew predicatedist

Unmar shal | er j avax. xm . bi nd

final class Unmarshaller {
j avax. xm . mar shal . XM_Scanner
scanner();
Mar shal | abl eCbj ect  unmarshal () throws Unmarshal Excepti on;
Marshal | abl eCbj ect  unmarshal (G ass nobC ass) throws Unmarshal Excepti on;
Validator validator();

}

An unmashallergovernstheproces®f unmarshallingan XML documeninto a newly-
createccontentree,validatingthetreeasit is constructedIt encapsulatethedispatcher
scannerandvalidatorobjectsusedduring an unmarshallingoperation,andit provides
thebasicunmarshallingnethods.

The processof unmarshallinga contenttree begins when one of the unmarshal
methodsof aDi spat cher objectis invoked. (An unmarshallingpperationmay alsobe
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initiated by invoking one of the staticmethodsn eachmarshallableoot elementclass
generatedby theschemaompiler) Thesemethodsexaminethegivenscanness current
statejf necessaryn ordertolocatetheelementlassobeunmarshalledT hey thencreate
anew unmarshallefrom thedispatcherthe givenscanneranda new validator Finally,

the new unmarshalles unnmar shal (Cl ass) methodis invoked, passingthe element
class. After this methodreturnsthe validatoris usedto resole arny pendingidentifier
referencesndcheckany globalconstraints.

Theunmarshallingprocessnakesthe sameguaranteeasthevalidationprocesslf
unmarshallinggompletesuccessfullthenthevalidationpropositionsareguaranteetb
hold for every memberof theresultingcontenttree. It is alsoguaranteedhatthetarget
of everyidentifierreferencesxists.

This classdoesnothave any public or protectecconstructorsit is intendedonly for
useby theunmarshallingorocess.

j avax. xn . mar shal . XMLScanner

scanner();
Returnsthe scanneto be usedduringthis unmarshallingpperation.
returns Thescanner

Mar shal | abl eCbj ect unnmarshal () throws Unmarshal Excepti on;

Unmarshalghe next elementin this unmarshalles scanneiandvalidatesthe resulting
instancesubtree.
Thismethodexamineghescannes currentstarttag,useshedispatcheto mapit to a
marshallable-objeatlass,andthenpassesheresultingclassto theunnar shal (0 ass)
method.
returns A valid, unmarshalleabject
throws I nvalidContent Exception If thescanneis notcurrentlypositionedata
starttag,or if someotherinvalid contentis laterencountered

throws Unrecogni zedEl ement NaneException If theelementnamein thecurrent
starttag is not registeredin this unmarshalles dispatcheror if someother
unrecognize@lementnameis laterencountered

throws javax.xm . marshal . Scanl CException If anl/O erroroccurs

throws |avax.xm . marshal . ScanException If theinputdocuments not well-
formed

throws ValidationException If theinputdocumentviolatesthe constraintsex-
pressedn thesourceschemapr someothervalidationerroris detected

Mar shal | abl eCbj ect unnmarshal (O ass nobd ass)
t hrows Unmar shal Excepti on;

Unmarshalghe next elementin this unmarshalles scannerusingthe given schema-
dervedmarshallable-objeatlass,andvalidatesgheresultingsubtree.

This methodappliesthe dispatches classmapto the given marshallableclassand
createsninstancef theresultingclass.It theninvokestheunmar shal ( Unnar shal | er)
methodof the new instancepassinghis unmarshallem orderto unmarshatecursvely
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theelementandits subelementsf any. Oncethenew instancenasbeenunmarshalledt

islocally validatedby invokingitsval i dat eThi s() method.If theinstancemplements

thel denti fi abl eEl enent interfaceandhasanidentifierthenthevalidatoris updated

with thatidentifiervalue.

returns A valid, unmarshalledbject

throws If theinstantiatecclassmodifiedtheinstancen any way duringits initial-
ization

throws | nval i dCont ent Exception If thescanneis notcurrentlypositionedata
starttag,or if someotherinvalid contentis laterencountered

throws Unrecogni zedEl ement NaneException If theelemenmnamein thecurrent
starttagis not the elementnamehandledby the givenclass,or if someother
unrecognizeeélementnameis laterencountered

throws | avax.xnl . marshal . Scanl CException If anl/O erroroccurs

throws | avax.xm . marshal . ScanException If theinput documentis not well-
formed

throws ValidationException If theinputdocumentviolatesthe constraintsex-
pressedn the sourceschemagpr someothervalidationerroris detected

Val i dator validator();

Returnsthevalidatorto be usedduringthis unmarshallingoperation.
returns Thevalidator

Val i dat abl eObj ect j avax. xm . bi nd

abstract class Validatabl eCbject {
final void invalidate();
final void validate() throws StructureValidationException;
void validateThis() throws Local Validati onException;
void validate(Validator vd) throws StructureValidationException;

}

Abstractbaseclassfor all validatableobjects.The methodsn this class,in conjunction
with thosein theVal i dat or class,definethe content-treevalidationprocess.

final void invalidate();

Marksthis objectinvalid. An invalid objectwill berevalidatedthe next time its content

treeisvalidated.Aninvalid objectwill alsopreventits contentreefrombeingmarshalled.
Thismethodis intendedo beinvokedonly by the property-mutatioomethodsdefined

in schema-deviedclasseslt shouldnot beinvokedduringtheunmarshallingorocess.

final void validate() throws StructureValidationException;

Validatesthe contenttreerootedat this object,which mustbearoot element.
Thismethodcreatesanew Val i dat or objectandthenproceedso validatethiscontent

treeby invoking thevalidatorsval i dat e( Val i dat abl eQbj ect) method passinghis

object. If thisrecursve processompletesuccessfullyhenthe validationpropositions



Val i dat or 85

areknown to hold for every objectin the contenttree. This methodthenchecksthatthe

targetof everyidentifierreferencéhasanidentifierandis amemberof the contenttree.

throws StructureValidationException If ary structurakconstraint@reviolated

throws Unsupport edQperati onException If thisobjectis notaninstanceof the
Root El enent interface

voi d validateThis() throws Local ValidationException;

Ensureghatthis objectdoesnot violate ary local structuralconstraints.In particular
this methodensureghat any requiredpropertieshave beengiven valuesand that the
objectschildrenin thecontenttree,if any, matchthecontentspecificatiorof theschema
componenfrom whichthis object’s classwasderived. Thismethoddoesnotrecursvely
validatethis object’s children.
Thedefaultimplementatiorof this methoddoesnothing;it shouldbeoverriddenonly
by schema-devedclassesThismethodmaybeinvokedoutsideof thenormalvalidation
process.
throws If acollectionpropertyderivedfrom acompoundattributeis empty but the
sourceschemaequiresatleastonevalue

throws I nvalidContent Exception If thechildrenof thisobjectviolatethecortent
specificationof the schemacomponentirom which this objects classwas
derived

throws If apropertyderivedfrom arequiredattribute hasnovalue

throws M ssingCont ent Exception If apropertyderivedfrom arequiredcontent
componenhasno value

void validate(Validator vd) throws StructureValidationException;

Recursvely validatesthis object’s children using the given validator and updatesthe
validatorwith ary localinformationthatis subjectto globalconstraints.

This methodmustinvoke the validators val i dat e( Val i dat abl eQoj ect) method
upon the children of this objectin the contenttree. It mustalsoinvoke the valida-
tor'sreference(ldentifiabl eEl enent) methoduponthe target of eachidentifier
referencepropertyin this object.

Thedefaultimplementatiorof this methoddoesnothing;it shouldbeoverriddenonly
by schema-deviedclassesThis methodmayonly beinvokedby thevalidationprocess;
its behaior wheninvokedin any othermanneris unspecified.
param vd Thevalidatorto beappliedto this object’s children
throws StructureValidationException If ary structurakconstraint@reviolated

Val i dat or j avax. xm . bi nd

final class Validator {
void reference(ldentifiableEl ement elt) throws M ssingldentifierException;
void reference(String id, Validator.Patcher p);
void validate(Validatablelbject vob) throws StructureValidationException;



86

j avax. xm . bi nd. Val i dat or

A validator governsthe processof validating a contenttree. It suppliesthe central
validationmethodyal i dat e, methodgor recordingandresolvingidentifierreferences,
andtheinternallogic requiredto validateglobal structuralconstraints.

The procesf validatinga contenttree begins whentheval i dat e() methodof
the tree’s root elementobjectis invoked. This methodcreatesa new validator and
thenproceedso validatethe contenttreeby invoking thevalidatorsval i dat e method,
passingheroot object.

Thevalidatorsval i dat e methodensureshatthefollowing validationpropositions
aretrueof its agumentobject:

1. The objecthasnot yet beenvisited during this validation,i.e., thatit is not
partof acycle;

2. Theobjectis locally valid, i.e., thatits val i dat eThi s() methodwould not
throw alLocal Val i dati onExcept i on if invoked;andthat

3. If theobjectimplementdhel dent i fi abl eEl enent interfacethenitsiden-
tifier, if notnul | , is uniqgueamongtheidentifierssofarencountereduring
this validation.

Thevalidatorsval i dat e methodalsoinvokesits agumentsval i dat e( Val i dat or)
method passinghe validatoritself, in orderto:

e Ensurethattheabove propositionsaretrue of its alguments childrenin the
contenttree,if any; andto

e Arrangeto ensurebeforethe endof the validationprocesghatthe targets
of ary identifierreferencepropertiesin the objecthave identifiersandare
memberof thecontenttreebeingvalidated.

Eachvalidatableobjects val i dat e( Val i dat or) methodrecursvely validatesthe ob-
ject’s children,if arny, by invoking the validatorsval i dat e methoduponthem. It also
invokesthevalidatorsr ef erence( | denti fi abl eEl enent) methoduponthetargetof
eachidentifierreferencegpropertyin the object.

If thisrecursve processompletesuccessfullthenthepropositionslefinedabove
are known to hold for every objectin the contenttree. The root elementobject’s
val i dat e() methodthen checksthat the target of every identifier referencehas an
identifierandis a memberof the contenttree.

Validatorsarealsousedduringtheunmarshallingprrocesdo validateancontentree
asit is beingunmarshalled.The validation processs slightly differentwhen carried
out during unmarshallingalthoughthe guaranteeshatit makesareidentical. Thereis
no needto checkfor cycles,in particular sincethat propositionis guaranteedy the
linear natureof the unmarshallingprocess. It is necessaryhowever, to arrangethat
identifiersreferringto elementghathave not yet beenunmarshalledbe resohed before
theunmarshallingorocesss complete.This requirements supportedy thevalidator's
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reference(String, Validator.Patcher) method,which takes a pat cher object
that representghe unresoled reference. The unmarshallingprocessensureghat all
referencesireresolhedbeforeit completeslt alsoensureghatall patchersareinvoked
with thetamgetsof theirreferencesothatappropriatdinks canbeinstalledin the objects
referringto thosetargets.

This classdoesnothave any public or protectectonstructorsit is intendedonly for
useby thevalidationandunmarshallingprocesses.

voi d reference(ldentifiabl eEl ement elt)
throws M ssingldentifierException;

Recordghefactthatareferencénasbeenmadeto the givenidentifiableelemenibject.
This methodarrangedo ensurebeforethe endof the validationprocesghatthe given
objectis amemberof the contenttreebeingvalidated.

param elt Thereferenceclemenibject

throws M ssingldentifierException Iftheagumentdoesnothaveanidentifier

void reference(String id, Validator.Patcher p);

Recordsthe fact that a referencehasbeenmadeto an elementobjectwith the given
identifier, andregistersa patcherfor laterinvocation. This methodarrangedo ensure
beforethe endof theunmarshallingorocesghatthe givenidentifieris resohedandthat
the patcheris invokedwith thetargetof thereference.

param id Theidentifiervaluebeingreferenced

param patcher Thepatchero beinvokedaftertheidentifieris resohed

voi d validate(Validatabl eCbject vob)
throws StructureValidationException;

Validatesthe givenobiject.

This methodensureghat the validation propositionshold for the given object. It
alsoinvokesthe givenobjectsval i dat e( Val i dat or) method,passinghis validator,
in orderto ensurethat the propositionsare true of the given object’s childrenandto
arrangeo ensurebeforetheendof thevalidationprocesshatthetargetsof ary identifier
referencepropertiesn this objecthave identifiersand are membersof the contenttree
beingvalidated.

Thismethods notintendedo beinvokedoutsideof thevalidationprocessits behaior
wheninvokedin arny othermanneiis unspecified.
param vob Theobjectto bevalidated

throws If the objecthasalreadybeenvisited duringthis validation,in which case
thereis acyclein this contenttree
throws If theobjecthasanidentifierthatis the sameastheidentifierof someother

objectin this contenttiree
throws StructureValidationException If someothervalidationfailureis de-
tected
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Val i dat or. Pat cher j avax. xni . bi nd

static abstract class Validator. Patcher {
Val i dat or . Pat cher ();
abstract void patch(ldentifiableHenent target);

}

A patcherrepresentanunresoledidentifierreference.

Whenunmarshallingcontentree patcherareusedo installreferenceso element
objectsthat may have yet to be unmarshalled A patcherhasa singlemethod,pat ch,
which is guaranteedo be invoked sometime after the references resoled but before
theunmarshallingorocesss complete.Whenthe methodis invoked,thetargetelement
of thereferencas passedsits singleargument.

In typical usean anorymousinner subclassof this abstractclassis createdand
passedo ther ef erence(String, Validator. Patcher) method:

vd. reference(id, new Patcher()
public void patch(ldentifiableEl enent target)
link = (Type)target;
);

wherevd is the validatorbeingused,i d is the identifier beingreferencedandType is
the expectedype of thereferent.
Thisclasgsintendedo beinstantiateanly by schema-deviedunmarshallingode.

Val i dat or. Pat cher () ;

abstract void patch(ldentifiableElenent target);

Patchmethod guaranteetb beinvokedsometime afterthereferenceepresentedly this
patcheris resolhed.

param target Thetamgetof thereference

A.3 Checkedexceptions

Conver si onException j avax. xm . bi nd

cl ass Conversi onException
extends Unmarshal Exception // Exception
{

Conver si onException(String desc);
Conver si onException(String desc, Throwable x);
Throwabl e get Cause();
void printStackTrace(java.io.PrintStream out);
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Checled exceptionthrown by an XML scannemwhenan I/O error occurs. The I/O
exceptionthatis thrown is wrappedwithin this exception.

Conver si onException(String desc);

Constructsa new instanceof this class.
param desc A descriptionof componenbeingcorverted

Conver si onException(String desc, Throwable x);

Constructsa new instanceof this class.
param desc A descriptionof componenbeingcorverted
param cause Theexceptionthatwasthrown duringconversion

Throwabl e get Cause();

Retrievesthe Thr owabl e thatcausedhis exception.
returns Thethrowable

void printStackTrace(java.io.PrintStreamout);

QG obal Val i dati onExcepti on j avax. xm . bi nd

abstract class G obal ValidationException
extends StructureValidationException // ValidationException
{

}

| nval i dCont ent Excepti on j avax. xm . bi nd

class InvalidContentException
ext ends Local Val i dationException // StructureValidationException
{

I nval i dCont ent Exception(String )
String get Message();
}

I nval i dCont ent Exception(String );
String get Message();

Local Val i dati onException j avax. xm . bi nd

abstract class Local ValidationException
extends StructureValidationException // ValidationException
{

}
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M ssi ngCont ent Excepti on j avax. xm . bi nd

cl ass M ssi ngCont ent Exception
extends Local ValidationException // StructureValidationException
{

M ssi ngCont ent Exception(String );
String get Message();
}

M ssi ngCont ent Exception(String );
String get Message();

M ssingl dentifierException j avax. xm . bi nd

class MssingldentifierException
extends d obal Val i dati onException // StructureValidationException
{

}
M ssi ngl dentifierException();

M ssingl dentifierException();

StructureVal i dati onException j avax. xni . bi nd

abstract class StructureValidationException
extends ValidationException // Unmarshal Exception
{

}

TypeVal i dati onExcepti on j avax. xni . bi nd

class TypeValidationException
ext ends ValidationException // Unmarshal Exception
{

TypeVal i dati onExcepti on( TypeConst rai nt Exception tcx);
TypeConstrai nt Exception get Exception();

Checled exceptionthrown whena TypeConst r ai nt Except i on is thrown during un-
marshalling.Thatexceptionis wrappedwithin this exception.

TypeVal i dati onExcepti on( TypeConst rai nt Exception tcx);

Constructaaninstancewnrappingthe givenTypeConst r ai nt Excepti on.
param tcx TheTypeConstraint Excepti on to bewrapped
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TypeConst rai nt Excepti on

get Exception();
Returnsthe TypeConst r ai nt Except i on wrappedwithin this exception.
returns TheTypeConst rai nt Except i on wrappedwithin this exception

Unnar shal Except i on j avax. xm . bi nd

abstract class Unmarshal Exception
ext ends Exception
{

protected Unmarshal Exception();
protected Unmarshal Exception(javax.xm . marshal . ScanPosition pos);
protected Unmarshal Exception(javax.xn . narshal . ScanPosition pos
String desc);
protected Unmarshal Exception(String desc);
final javax.xm .marshal.ScanPosition
get Posi tion();
final void initPosition(javax.xn .marshal.ScanPosition sp);

}

Abstractchecled-ecceptionclassfor exceptionsthrown whenerrorsoccurduring un-
marshalling.

Unmarshallingerrorsfall into threecateyories,eachof whichhasaspecificsubclass
of thisclass:

e A javax.xm . marshal . ScanExcepti on is thrown whenthe input docu-
mentis notwell-formedor whenan|/O erroroccurs.

e A ValidationException is thrown whena violation of a constraintex-
pressedn the sourceschemas detected.

e A Conversi onException is throvn when a binding conversions parse
methodthrows anexception.

Validation exceptionsare further subdvided as describedin the specificationof the
Val i dati onExcepti on class.

protected Unnarshal Exception();
Initializesa new instanceof this class.

protected Unmarshal Exception(javax. xnl . marshal . ScanPosition pos);

Initializesa new instanceof this classwith the givenscanposition.
param pos Thescanposition
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protected Unnmarshal Exception(javax. xnl . marshal . ScanPosi tion pos,
String desc);

Initializesa new instanceof this classwith the givenscanpositionanddescription.
param pos Thescanposition
param desc Thedescription

protected Unmarshal Exception(String desc);

Initializesa new instanceof this classwith thegivendescriptionandno scanposition.
param desc Thedescription

final javax.xnl.marshal.ScanPosition
get Posi tion();

Returngthis exceptions scanposition,or nul | if the scanpositionis undefined.
returns This exceptions scanposition

final void initPosition(javax.xnl .mrshal.ScanPosition sp);

Setsthis exceptions scanposition. Onceset,the scanpositionmay not be setagain.
param sp Thescanposition
throws |1l egal StateException If thescanpositionhasalreadybeenset

Unr ecogni zedEl enent NameExcept i on j avax. xni . bi nd

cl ass Unrecogni zedEl ement NaneExcept i on
extends Inval i dContent Exception // Local ValidationException

{
Unrecogni zedEl ement NameException(String );
String getEl ement Name();
String getMessage();
}

Unr ecogni zedEl ement NaneException(String );
String get El enent Nane() ;
String get Message();

Val i dati onException j avax. xm . bi nd

abstract class ValidationException
ext ends Unnarshal Exception // Exception
{

}
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A.4 Unchecked exceptions

TypeConstr ai nt Exception

cl ass TypeConstrai nt Exception
extends RuntimeException

{

}

j avax. xm . bi nd

93
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Docunent ScanPosi tion j avax. xn . mar shal

final class Docunment ScanPosition
ext ends ScanPosi tion
{

Docunent ScanPosi ti on(org. w3c. dom Node node);
org. w3c. dom Node node();
}

An objectdescribinga scannes positionin aDOM tree.
A document-scamposition containsa referenceto the DOM node at which the
scanneis currentlypositioned.

Docunent ScanPosi ti on(org. w3c. dom Node node) ;

Constructsa new scanpositionwith thegivennode.
param node Thenode;mustnotbenul |

org. w3c. dom Node node();

Returnsthis scanposition'snode
returns This position'snode

ScanPosi tion j avax. xn . mar shal

abstract class ScanPosition {

}

A descriptionof a scannes position. Scanpositionsareusedto reportthe locationsof
both well-formednessandvalidity errorsencounteredluring unmarshalling.Different
typesof scanpositionsaredefinedby thesubclassesf thisclassaccordingo thedifferent
typesof inputthatcanbescannedSt r eanScanPosi t i on objectsarecreatedoy stream
scannersandDocunent ScanPosi t i on objectsarecreatedoy DOM-treescanners.
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St reanScanPosi tion j avax. xn . mar shal

final class StreanScanPosition
ext ends ScanPosi tion
{

StreanscanPosi tion(int line);
StreantcanPosition(int line, int col);
StreancanPosition(int line, int col, String uri);
int colum();
int line();
String toString();
String uriString();
}

An objectdescribinga scanness positionin aninput stream.

A stream-scapositioncontainsaline numberandanoptionalcolumnnumberand
sourceURI.

Bothlineandcolumnnumberstartatone. Linesareterminatedy aLINE FEEDchar
acter(’ \ uO0OOA’' ), aCARRIAGE RETURN charactel’ \ u000D ), or a CARRIAGE-RETURN
charactefollowedimmediatelyby aLINE FEED characterColumnsarecountedn terms
of sixteen-bitUnicodecharacteran UTF-16,ratherthanbytesin any particularencoding.

StreanfScanPosition(int |ine);

Constructsa new scanpositionwith the givenline, column,andsourceURI.
param |ine Theline numberapositiveinteger

StreanfScanPosition(int line, int col);

Constructsa new scanpositionwith the givenline, column,andsourceURI.
param |ine Theline numberapositiveinteger
param col  Thecolumnnumberor zeroif thecolumnnumberis notknown

StreanfscanPosition(int line, int col, String uri);

Constructsa new scanpositionwith the givenline, column,andsourceURI.
param |ine Theline numbera positiveinteger

param col  Thecolumnnumberor zeroif thecolumnnumberis notknown
param uri  ThesourceURI string,or nul | if thesourceURI is notknown

int colum();

Returnsthis position's columnnumber
returns This position’s columnnumber a positive integer, or zeroif it is notknown

int line();

Returnsthis position'sline number
returns This position’sline numbey a positiveinteger
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String toString();

Returnsa stringdescribingthis position.

Thereturnedstring hastheformaturi:  linei, colum j, whereuriistheURI, i
is the line number andj is the columnnumber If the URI is not known thenthe URI
andthecolonandspacecharactershatfollow it areomitted;if thecolumnnumberis not
known thenthe columnnumberandthe commaandspacecharactershatprecedet are
omitted.
returns A stringdescribingthis position

String uriString();

Returnsthis position's sourceURI.
returns This position'ssourceURI, or nul | if it is notknown
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XM_Scanner

abstract class XM.Scanner {

j avax. xm . marshal . & reanScanPosi ti on

j avax. xm . mar shal

static final int
static final int
static final int

bool ean
bool ean
bool ean
bool ean
bool ean
bool ean

abstract
abstract
abstract
abstract
abstract
abstract

abstract bool ean
abstract bool ean
abstract bool ean
abstract void
static XM.Scanner
static XM.Scanner
abstract String

abstract ScanPosition
abstract String

final String
abstract String
abstract String
abstract String
final void
abstract String
abstract void
abstract void
final String
abstract String

abstract void

abstract void

W5_COLLAPSE;
W5_NORMALI ZE;
W5_PRESERVE
XM.Scanner ();
atAttribute();
atAttributeVal ue();
at Attribut eVal ueToken() ;
at Chars(int whitespace) throws ScanException
atEnd() throws ScanException
at EndCf Docunent ()
throws javax.xnl.bind.InvalidContent Exception
ScanExcepti on
atEnd(String nane) throws ScanException
atStart() throws ScanException;
atStart(String name) throws ScanException
close() throws Scanl OExcepti on;
open(java.io.InputStreamin) throws ScanException
open(org.w3c. dom Docunment doc) throws ScanException
peekStart ()
throws javax.xnl . bind.InvalidContent Exception
ScanException
position();
takeAttri but eName()
throws javax.xnl.bind. | nvalidContent Exception
ScanExcepti on
takeAttribut eVal ue()
throws javax.xnl.bind. | nvalidContentException
ScanExcepti on
takeAttribut eVal ue(int whitespace)
throws javax.xnl.bind. | nvalidContent Exception
ScanException
takeAttributeVal ueToken()
throws javax.xnl.bind. | nvalidContent Exception
ScanException
takeChars(int whitespace)
throws javax.xnl.bind. | nvalidContent Exception
ScanException
t akeEnpt y(String name)
throws javax.xnl.bind. | nvalidContent Exception
ScanException
t akeEnd()
throws javax.xnl.bind. | nvalidContent Exception
ScanException
t akeEndCf Docunent ()
throws javax.xnl.bind. | nvalidContent Exception
ScanException
t akeEnd(String nane)
throws javax.xnl.bind. | nvalidContent Exception
ScanException
takeLeaf (String name, int whitespace)
throws javax.xnl.bind.InvalidContent Exception
ScanException
takeStart ()
throws javax.xnl.bind.InvalidContent Exception
ScanException
takeStart(String name)
throws javax.xnl.bind.InvalidContent Exception
ScanException
t okeni zeAt tri but eVal ue()
throws javax.xnl.bind.InvalidContent Exception
ScanExcepti on
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A scanneof XML inputstreamsr datastructures.

Whenunmarshalling{ML into acontentreeit is notnecessarto useafull-fledged
XML parserbecauseschema-devied classeenforceall validity constraintsaaswell as
thefollowing non-localwell-formednesgonstraintof the XML  1.0specification

e Elementtype matd: The namein an elements end-tagmust matchthe
elementypein its start-tag.

e UniqueAtt Spec:No attributenamemayappeamorethanoncein thesame
start-tagor empty-elementag.

An XML scannetthereforeenforcesonly the remaininglexical well-formednesson-
straintsof XML 1.0.
An XML scanneis in oneof thefollowing states:

e Start: The scannelis positionedat a starttag. This statemay be followed
by the AttributeNameChars, Start, or End states.An emptytag, thatis, a
tagof theform <f oo/ >, will yield the Startstatefollowedby the Endstate,
possiblywith someinterveningattribute states.

e AttributeName:The scannelis positionedat an attribute name. This state
may befollowedonly by the Attribute\aluestate.This statewill beentered
exactly oncefor eachattribute thatis read. Attributesarereadin the order
in whichthey appeain theinputdocument.

e Attribute\alue: The scannelis positionedat an attribute value. This state
may be followed by the AttributeName Chars, Start, or End states.If the
t okeni zeAt t ri but eVal ue methodis invoked thenthis statemay alsobe
followedby the Attribute\alueTokenstate.

e Attribute\alueToken: The scanneiis positionedat one of the tokensof a
tokenizedattributevalue. This statemaybefollowedby the Attribute\alue-
Token AttributeNameChars, Start, or Endstates.

e Chars: Thescanners positionedatsomecharactecontent.This statemay
befollowedby the Startor End states.

e End: Thescanneis positionedat anendtag. This statemay be followed
by the Chars, Start End, or EndOfDocumenstates.

e EndOfDocumentThe scannehasreachedhe endof theinput document,
atwhich pointit closestself. The stateof the scannewill notchangeafter
it reacheghis state.
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For eachstateFoo thereis atleastoneof eachof thefollowing kinds of methods:

e Methodshamedit Fooreturnaboolearvalueindicatingwhethetthescanner
is in the Foo stateandpossiblywhethersomeotherconditionholds.

e Methodsnamed ake Foo checkthatthe scanneis in the Foo state;if so,a
relevantvalueis returnedandthescanners (in mostcasespdvancedo the
next state. A j avax. xm . bi nd. I nval i dCont ent Except i on is thrown if
thescanneis notin the Foo state.

Themethoddor readingattributevaluesandcharactedatatakeawhi t espace parameter
one of the constantdA5_COLLAPSE, W6_NORVALI ZE, or W6_PRESERVE, indicating how
whitespacas to be processed Whitespacas definedhereexactly asin the XML 1.0
specification:A whitespaceharacters oneof TAB (' \ u0009’ ), LINE FEED (" \ uO00A' ),
CARRIAGERETURN (' \ u000D ), or smCE (' \ u0020’ ).

This classalsodefinesa methodfor retrieving the scannes positionandfactory
methoddor creatingscannershatreadbyte-inputstreamsandscannershatreadDOM
trees.

XM.Scanner () ;

abstract boolean atAttribute();

Testswhetherthe scanneis positionedat anattribute name.
returns true if thescannes stateis AttributeName

abstract bool ean atAttributeVal ue();

Testswhetherthe scanneis positionedat anattribute value.
returns true if thescannes stateis Attribute\alue

abstract bool ean

at AttributeVal ueToken();
Testswhetherthe scanneis positionedat anattribute-valuetoken.
returns true if thescannesstateis Attri but eVal ueToken

abstract bool ean at Chars(int whitespace) throws ScanException;

Testswhetherthe scanneis positionedat somecharactedata.
If thevalueof thewhi t espace parameteis Ws_COLLAPSE thenary initial whitespace

is first skipped.

param whitespace Determineshow whitespacen the charactedatawill be han-
dled;mustbeoneof W5_COLLAPSE, W5 _NORMALI ZE, or W5_PRESERVE

returns true if thescannes stateis Chars

throws |11l egal StateException If thismethodhasalreadybeeninvokedfor the
currentstatebut with a differentvaluefor thewhi t espace parameter

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs
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abstract bool ean atEnd() throws ScanExcepti on;

Skipswhitespaceif any, andthentestswhetherthe scanners positionedatanendtag.

returns true if, afterskippingwhitespacethe scannes stateis End

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract bool ean
at EndOf Docunent ()
throws javax.xm . bind. | nvalidContentException, ScanException;

Skipswhitespaceif ary, andthentestswhetherthe scanneihasreachedhe endof the

inputdocument.

returns true if, afterskippingwhitespacethe scanness stateis End

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract bool ean atEnd(String nane) throws ScanException;

Skipswhitespaceif ary, andthentestswhetherthe scanneis positionedat anendtag

with thegivenname.

param nane Theelementhameto betested

returns true if, afterskippingwhitespacethe scanness stateis Endandthe namein
thetagis equalto nane

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract boolean atStart() throws ScanExcepti on;

Skipswhitespaceif ary, andthentestswhetherthe scanneis positionedat a starttag.

returns true if, afterskippingwhitespacethe scanness stateis Start

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract boolean atStart(String name) throws ScanExcepti on;

Skipswhitespaceif arny, andthentestswhetherthe scanneiis positionedat a starttag

with the givenname.

param nane Theelementhameto betested

returns true if, afterskippingwhitespacethe scannes stateis Startandthenamein
thetagis equalto nane

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract void close() throws Scanl CExcepti on;

Closesthis scanner
If this scannemwascreatedrom a byte-inputstreanthentheinput streamis closed.
throws Scanl OException If anl/O erroroccurs
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static XM.Scanner open(java.io.|nputStreamin)
t hrows ScanException;

Createsanew scannethatreadsan XML documenfrom the giveninput stream.

param in Theinputstreamto bescanned

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

static XM.Scanner open(org.w3c.dom Document doc)
t hrows ScanException;

Createsa new scannethatscanghegivenDOM tree.

param doc Thedocumento bescanned

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract String peekStart()
throws javax.xm . bind.|InvalidContent Exception, ScanExcepti on;

Skipswhitespaceif arny, andthenreadsthe currentstarttag.

returns Thenamein thecurrentstarttag

throws javax.xnl. bind. I nval i dCont ent Excepti on If, after skippingwhites-
pacethescannes stateis not Start

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract ScanPosition position();

Returnsa new scan-positiorobjectreportingthe scanness currentposition.
returns A scan-positiorobject

abstract String takeAttributeName()
throws javax.xm . bind.|InvalidContent Exception, ScanExcepti on;

Readghe currentattribute nameandthenadwanceghe scanneto the next state.

returns Thecurrentattribute name

throws | avax.xn . bi nd. I nval i dCont ent Excepti on If thescannes stateis not
AttributeName

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

final String takeAttributeVal ue()
throws javax.xm . bind.InvalidContent Exception, ScanExcepti on;

Readghe currentattribute value,collapsingwhitespaceandthenadwanceghe scanner
to the next state.

An invocationof this methodbehaesin exactly the sameway as an invocationof
thetakeAttributeVal ue(int) method,passing\s_COLLAPSE for the whi t espace
argument.
returns Thecurrentattributevalue
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throws javax.xm . bind. I nval i dCont ent Exception If thescannes stateis not
Attribute\alue

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract String takeAttributeVal ue(int whitespace)
throws javax.xm . bind.InvalidContent Exception, ScanExcepti on;

Readghe currentattribute valueandthenadwanceghe scanneto the next state.

param whitespace Determinesow whitespacen theattributevaluewill be han-
dled; mustbeoneof W5_COLLAPSE, W6 NORMALI ZE, or W5_PRESERVE

returns Thecurrentattributevalue

throws javax.xm . bind. I nval i dCont ent Exception If thescannes stateis not
Attribute\alue

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract String
takeAttri but evVal ueToken()
throws javax.xm . bind. | nvalidContentException, ScanException;

Readdhe currentattribute-valuetokenandthenadvanceghe scanneto the next state.

returns Thecurrentattribute-valuetoken

throws javax.xm . bind. I nval i dCont ent Exception If thescannes stateis not
Attribute\alueToken

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract String takeChars(int whitespace)
throws javax.xm . bind.InvalidContent Exception, ScanExcepti on;

Readghe currentcharactedataandthenadwanceghe scanneto the next state.

param whitespace Determinehow whitespacen the charactedatawill be han-
dled; mustbeoneof W5_COLLAPSE, W6_NORMALI ZE, or W5_PRESERVE

returns Thecurrentcharactedata

throws javax.xm . bind. I nval i dCont ent Exception If thescannes stateis not

Chars

throws |1l egal StateException If the at Chars methodhasalreadybeenin-
voked for the currentstatebut with a differentvaluefor thewhi t espace pa-
rameter

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

final void takeEnpty(String name)
throws javax.xm . bind.|InvalidContent Exception, ScanExcepti on;

Takesanemptytag.
This methodtakesa starttagwith the givennameandthentakesanendtagwith the
samename.
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param nane Theelemennameof the expectedstartandendtags

throws javax.xm . bi nd. I nval i dCont ent Excepti on If theexpectedagscannot
bescanned

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract String takeEnd()
throws javax.xm . bind.|InvalidContent Exception, ScanExcepti on;

Skipswhitespaceif arny, readsthe currentendtag,andthenadvanceghescanneto the

next state.

returns Thenamein thecurrentendtag

throws javax.xm . bi nd. I nval i dCont ent Excepti on If, after skippingwhites-
pacethescannes stateis not End

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract void takeEndOf Docunent ()
throws javax.xm . bind.|InvalidContent Exception, ScanExcepti on;

Skipswhitespacejf ary, andthenchecksthatthe scannethasreachedhe endof the

inputdocument.

throws javax. xm . bi nd. I nval i dCont ent Excepti on If, after skippingwhites-
pacethescannes stateis not End

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract void takeEnd(String name)
throws javax.xm . bind.|InvalidContent Exception, ScanExcepti on;

Skipswhitespacejf ary, checksthatthe currentendtag’s nameis equalto the given

name andthenadwanceghe scanneto the next state.

param nane Theelemennhameto bescanned

throws javax.xm . bi nd. I nval i dCont ent Excepti on If, after skippingwhites-
pace,the scanness stateis not End andthe namein the tag is not equalto
nane

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

final String takeLeaf(String name, int whitespace)
throws javax.xm . bind.InvalidContent Exception, ScanExcepti on;

Takesasimpleleaf element.

This methodtakes starttag with the given name,takesa sequencef charactersif
presenttakesanendtagwith thegivenname andthenreturnsthecharactedata,if any.
param nane Theelemenmnameof theexpectedstartandendtags
param whitespace Determineshow whitespacen the charactedatawill be han-

dled;mustbeoneof W5_COLLAPSE, W5_NORMALI ZE, or W5_PRESERVE
returns Thecharactedata,or nul | if nocharactedatawasscanned
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throws javax.xm . bind. I nval i dCont ent Exception If theexpectedagsandthe
charactedatacannotbe scanned

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract String takeStart()
throws javax.xm . bind.|InvalidContent Exception, ScanExcepti on;

Skipswhitespaceif ary, readghecurrentstarttag,andthenadwancegdhescanneto the

next state.

returns Thenamein thecurrentstarttag

throws javax.xm . bind. I nval i dCont ent Exception If, after skippingwhites-
pace thescannes stateis not Start

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract void takeStart(String nane)
throws javax.xm . bind.InvalidContent Exception, ScanExcepti on;

Skipswhitespacejf ary, checksthatthe currentstarttag’s nameis equalto the given

name,andthenadwanceghe scanneto the next state.

param nanme Theelementhameto bescanned

returns Thenamein thecurrentstarttag

throws javax. xnl. bind. I nval i dCont ent Exception If, after skippingwhites-
pace,the scannes stateis not Start andthe namein thetag is not equalto
name

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs

abstract void
t okeni zeAt tri but eVal ue()
throws javax.xm . bind.|nvalidContentException, ScanException;

Readsthe currentattribute’s value as a sequencef non-whitespaceokens, returning

themin succeedindAttribute\alueToken states. If the currentattribute’s valueis only

whitespacehenthe next statewill notbe Attribute\alueToken

throws | avax.xm . bind. I nval i dCont ent Exception If thescannes stateis not
Attribute\alue

throws ScanException If inputthatis notlexically well-formedis scannedor if
anl/O erroroccurs
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XMW iter j avax. xn . mar shal

class XM\Witer {
XM.Witer(java.io.CQutputStream out) throws java.io.|CException;
XMW iter(java.io.QutputStream out, String enc)
throws java.io. UnsupportedEncodi ngException, java.io.|CException;
XMW iter(java.io.QutputStream out, String enc, bool ean declare)
throws java.io. UnsupportedEncodi ngException, java.io.lCOException;
void attributeNane(String nanme) throws java.io.|OException;
void attribute(String name, String value) throws java.io.l CException;
void attributeValue(String value) throws java.io.|OException;
void attributeVal ueToken(String token) throws java.io.|OException;
void chars(String chars) throws java.io.|OException;
void close() throws java.io.|OException;
void doctype(String root, String dtd) throws java.io.|OException;
void end(String nane) throws java.io.|OException;
void flush() throws java.io.|OException;
void inlineLeaf (String name) throws java.io.|OException;
void inlineLeaf(String nane, String chars) throws java.io.|OException;
void leaf(String nane) throws java.io.|OException;
void leaf(String name, String chars) throws java.io.lOException;
void setQuote(char quote);
void start(String name) throws java.io.|OException;

}

A writer of XML outputstreams.

An XML writer knows hardlyanything aboutXML documenivell-formednessto
saynothingof validity. It reliesupontheinvokerto ensurehatthe generatedlocument
is well-formedand,if required valid.

Note: This classis incomplete.In thenext draftit will beextendedo moreclosely
mimic XM_Scanner , andto supportoutputto bothSAX streamsandDOM documents.

XMWiter(java.io.QutputStreamout) throws java.io. | OException;

Createsa new writer that will write to the given byte-outputstreamusingthe UTF-8
encoding.An initial XML declaratiorwill bewrittento the stream.

param out Thetargetbyte-outputstream

throws java.io.|OException If anl/O erroroccurs

XMW iter(java.io.QutputStreamout, String enc)
throws java.io. UnsupportedEncodi ngExcepti on,
java.io. | OCException;

Createsa new writer that will write to the given byte-outputstreamusing the given

encoding.An initial XML declaratiorwill bewrittento the stream.

param out Thetargetbyte-outputstream

param enc Thecharacteencodingo beused

throws java.io.|OException If anl/O erroroccurs

throws | ava.io. UnsupportedEncodi ngException If thenamedencodings not
supported
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XM.Witer(java.io.QutputStreamout, String enc, bool ean decl are)
throws java.io. UnsupportedEncodi ngExcepti on,
java.io. | CException;

Createsa new writer that will write to the given byte-outputstreamusing the given

encoding.An initial XML declaratiorwill optionallybewrittento the stream.

param out Thetargetbyte-outputstream

param enc Thecharacteencodingo beused

param declare If true, write the XML declaratiorto theoutputstream

throws java.io.|OException If anl/O erroroccurs

throws | ava. i o. Unsupport edEncodi ngException If thenamedencodings not
supported

void attributeName(String name) throws java.io. | OException,

Writesanattribute namefor the currentelement.After invoking this method,invoke the

attri but eVal ue methodowrite theattributevalue orinvoketheat t r i but eVal ueToken

methodto write oneor morespace-separatedluetokens.

param nane Theattribute’sname

throws |1l egal StateException If thepreviousmethodinvokeduponthisobject
wasneitherstart norattribute

void attribute(String name, String val ue)
throws java.io. | OException;

Writesanattributefor the currentelement.

param nane Theattribute’sname

param val ue Theattribute'svalue

throws |1l egal StateException If thepreviousmethodinvokeduponthisobject
wasneitherstart norattribute

throws java.io.|OException If anl/O erroroccurs

void attributeVal ue(String value) throws java.io.|OException;

Writesavaluefor the currentattribute.

param value Theattribute'svalue

throws |1l egal StateException If thepreviousmethodinvokeduponthisobject
wasnotat t ri but eNane

voi d attributeVal ueToken(String token) throws java.io.|CException;

Writes onetoken of the currentattribute’s value. Adjacenttokenswill be separatedby

singlespacecharacters.

param token Thetokento bewritten

throws |1l egal StateException If thepreviousmethodinvokeduponthisobject
wasneitherat t ri but eName norat t ri but eVal ueToken
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void chars(String chars) throws java.io.|CException;
Writessomecharactedata.

param chars Thecharactedatato bewritten
throws java.io.|OException If anl/O erroroccurs

void close() throws java.io.|CException;

Flusheghewriter andclosesthe underlyingbyte-outputstream.
throws java.io.|OException If anl/O erroroccurs

voi d doctype(String root, String dtd) throws java.io.lCException;

WritesaDOCTYPEdeclaration.

param root Thenameof therootelement

param dtd TheURI of thedocument-typelefinition
throws java.io.|OException If anl/O erroroccurs

void end(String name) throws java.io.|OException;

Writesanendtagfor thenamedelement.
param name Thenameto beusedin theendtag
throws java.io.|OException If anl/O erroroccurs

void flush() throws java.io.|CException;

Flusheghewriter.
throws java.io.|OException If anl/O erroroccurs

voi d inlineLeaf (String name) throws java.io.|OException;

void inlineLeaf (String name, String chars)
throws java.io. | OException;

void leaf (String name) throws java.io.|OException;

Writesanemptyleaf element.
param The nameto beusedin theempty-elementag

void leaf (String name, String chars) throws java.io.|CException;

Writesaleaf elementwith the givencharactecontent.
param nanme Thenameto beusedin the startandendtags
param chars Thecharactedatato bewritten

This methodwrites a starttag with the givenname,followed by the given character
data followedby anendtag. If thechar s parametersnul | ortheemptystringthenan
emptytagis written.
throws java.io.|OException If anl/O erroroccurs
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voi d set Quote(char quote);

Setsthe quotecharacteto be usedby this writer whenwriting attribute values.

param quote Thenew quotecharactereithera QUOTATION MARK (' \ u0022' ), or
anAPOSTROPHE-QJOTE (' \ u0027")

throws |11 egal Argunment Exception If theagumentis neitherof theabove char
acters

void start(String nane) throws java.io.|CException;

Writesa starttagfor thenamedelement.
param nane Thenameto beusedin the starttag
throws java.io.|OException If anl/O erroroccurs

B.2 Checkedexceptions

EndOf Docunent Excepti on j avax. xm . mar shal

cl ass EndCf Docunent Exception
ext ends ScanException // javax.xnl.bind. Unmarshal Exception

EndCf Docunent Excepti on( ScanPosi ti on pos);
}

Checledexceptionthrown by anXML scannewhenit unexpectedlyreachesheendof
aninputdocument.

EndCf Docunent Except i on( ScanPosi tion pos);

Constructaaninstanceof this class.
param pos Thepositionatwhichtheerrorwasdetected

ScanException j avax. xm . mar shal

cl ass ScanException
ext ends javax.xni. bi nd. Unnar shal Exception // Exception

{
protected ScanException(ScanPosition pos);
ScanException(ScanPosition pos, String desc);
String toString();
}

Checled exceptionthrown by an XML scannemwhenit encountersnput that is not
lexically well-formedor whenan1/O erroroccurs.
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protected ScanException(ScanPosition pos);

Initializesa new instanceof this class.
param pos Thepositionatwhichtheerrorwasdetected

ScanException(ScanPosition pos, String desc);

Constructsa new instanceof this class.
param pos Thepositionatwhichtheerrorwasdetected
param desc A stringdescribingtheerror

String toString();

Returnsa string describingthis exceptionthatincludesthe positionat which the error
wasdetectedif available.
returns A stringdescribingthis exception

Scanl CException j avax. xm . mar shal

cl ass Scanl CException
extends ScanException // javax.xni.bind. Unnarshal Excepti on

{
Scanl CExcept i on(ScanPosi tion pos,
java.io.| CException iox);
java.io. | OException getlOException();
void printStackTrace(java.io.PrintStream out);
}

Checled exceptionthrown by an XML scannemwhen an I/O error occurs. The I/O
exceptionthatis thrown is wrappedwithin this exception.

Scanl CExcept i on( ScanPosi tion pos, java.io.|COException iox);

Constructsa new instanceof this class.
param pos Thepositionatwhichthel/O erroroccurred
param iox Thejava.io.|OException thatwasthrovn

java.io. | OCException
get | OException();

Retrievesthej ava. i 0. | OExcept i on thatcausedhis exception.
returns Thel/O exception

voi d printStackTrace(java.io.PrintStreamout);



C DTD for the binding language

<?xm version="1.0" encodi ng="US-ASCI | " ?>

<l--
JAXB XM/ Java bi ndi ng-schema DID
URI: http://java.sun.con dtd/jaxbh/1.0-eal/xjs.dtd
@#)xjs.dtd 1.11 01/05/31

Copyright 2000-2001 by Sun Mcrosystems, Inc.,
901 San Antonio Road, Palo Alto, California, 94303, U S A
Al rights reserved.

This software is the confidential and proprietary informtion
of Sun Mcrosystems, Inc. ("Confidential Information"). You
shall not disclose such Confidential Information and shall use
it only in accordance with the terms of the Iicense agreenent
you entered into with Sun.

b-->

<IENTITY % top-level -decl "element | interface | enuneration | conversion" >
<IENTITY % internal -decl "constructor | enumeration | conversion" >

<! ELEMENT xnl -j ava- bi ndi ng-schema ( options?, ( %op-level-decl; )* ) >
<I ATTLI ST xn - ava- bi ndi ng- schema
version CDATA #FI XED "1. Oea" >

<IENTITY % boolean "( true | false )" >
<IENTITY %col lection "( array | list )" >

<! ELEMENT options EMPTY >
<I ATTLI ST options
package NMIOKEN #l MPLI ED
defaul t-reference-col | ection-type %ol lection; "list"
property-get-set-prefixes %ool ean; "true"
mar shal | abl e %ool ean; "true"
unnarshal | abl e %ool ean; "true" >

<IENTITY %attribute-or-internal -decl "attribute | %nternal -decl;" >

<l ELEMENT el ement ( ( %ttribute-or-internal-decl; )*,
content ?,
( %ttribute-or-internal-decl; )* ) >
<I ATTLI ST el enent
nane | D #REQUI RED
type ( value | class ) #REQU RED
convert NMICKEN #l VPLI ED
class NMIOKEN #l MPLI ED
root %bool ean; #l MPLIED >

<l--
Further constraints: @onvert requires @ype="val ue"
@l ass, @oot require @ype="class"
I* requires @ype="cl ass"
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<el enent name={elt} type="value" [convert={cnv}]

<el enment name={elt} type="class" [class={class}] [root={root}]>
[

<! ELEMENT attribute EMPTY >
<I ATTLI ST attribute
name NMIOKEN #REQUI RED
convert NMIOKEN #| MPLI ED
property NMIOKEN #| VPLI ED
col lection %ol lection; #l MPLIED >

<l--
<attribute nane={attr} [convert={cnv}]

[ property={prop}] [collection={coll}]
[

<l ELEMENT content ( ( elenent-ref | choice | sequence )*, rest? ) >
<I' ATTLI ST cont ent

property NMIOKEN #| MPLI ED

col l ection %ol lection; #l MPLIED

supertype NMIOKEN #l VPLI ED >

<l--
Further constraints: @roperty, @ollection, @upertype forbid content

<content property={prop} [collection={coll}] [supertype={tau}]/>
<cont ent >
<el ement-ref name={elt} [property={prop}] [collection={coll}]/>
<choi ce property={prop} [collection={coll}] [supertype={tau}]/>
<sequence property={prop} [collection={coll}] [supertype={tau}]/>
<rest property={prop} [collection={coll}] [supertype={tau}]/>
l-->

<! ELEMENT el enent -ref EMPTY >

<I ATTLI ST el enent - r ef
name NMIOKEN #REQUI RED
property NMIOKEN #| VPLI ED
col l ection %ol lection; #l MPLIED >

<! ELEMENT choi ce EMPTY >

<! ATTLI ST choi ce
property NMIOKEN #REQUI RED
col l ection %ol | ection; # MPLIED
supertype NMIOKEN #| MPLI ED >

<l ELEMENT sequence EMPTY >

<I ATTLI ST sequence
property NMIOKEN #| MPLI ED
col l ection %ol lection; #l MPLIED
supertype NMIOKEN #l VPLI ED >

<! ELEMENT rest EMPTY >

<! ATTLI ST rest
property NMIOKEN #REQUI RED
collection %ol lection; #l MPLIED
supertype NMIOKEN #| MPLI ED >
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<I-- Declarations -->

<! ELEMENT
<l ATTLI ST

<! ELEMENT
<l ATTLI ST

<! ELEMENT
< ATTLI ST

<! ELEMENT
<l ATTLI ST

<I--
@arse =

@rint =
In both
l-->

constructor EMPTY >
constructor
properties NMIOKENS #REQUI RED >

interface EMPTY >

interface

name NMIOKEN #REQUI RED

menber s NMITOKENS #REQUI RED
properties NMIOKENS #| MPLI ED >

enuner ati on EMPTY >

enuner ati on

name CDATA #REQUI RED

menber s NMTOKENS #REQUI RED >

conver si on EMPTY>
conver si on

name NMIOKEN #REQUI RED
type NMIOKEN #| MPLI ED
parse NMIOKEN #| MPLI ED
print NMIOKEN #| MPLI ED >

"new', to invoke a constructor that takes a string, or
" assNane. st ati cParseMet hod"

"C assNane. stati cPrint Method" or "instancePrintMethod"
cases, O assName nmay have a package prefix

113
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D Examples

Thefirst exampleis the stock-tradeexamplethatis discussedhroughouthis specifica-
tion. Thesecondexample,onp. 123, illustrateshow collectionpropertiesandl D/l DREF
propertieccanbeimplemented.

D.1 Simple stocktrades

D.1.1 DTD
<l ELEMENT trade ( symbol, quantity, linit?, stop? date ) >

< ATTLI ST trade
account CDATA #REQUI RED
action ( buy | buy-to-cover | sell | sell-short ) #REQU RED
duration ( immediate | day | good-til-canceled ) "day" >

<I ELEMENT synbol (#PCDATA) >
<I ELEMENT quantity (#PCDATA) >
<IELEMENT linit (#PCDATA) >

<l ELEMENT stop (#PCDATA) >

<I ELEMENT date (#PCDATA) >

D.1.2 Binding schema
<xn - j ava- bi ndi ng- schema version="1.0-ea">

<conversion name="price" type="java. nath. Bi gDeci mal "/>
<conversion name="date" type="java.util.Date"
parse="Cnv. parseDate" print="Cnv.printDate"/>

<el ement nane="synbol " type="val ue"/>

<el ement nane="quantity" type="val ue" convert="int"/>
<el ement nane="limt" type="val ue" convert="price"/>
<el ement nane="stop" type="val ue" convert="price"/>
<el ement nane="date" type="val ue" convert="date"/>

<el ement nane="trade" type="class" root="true">

<cont ent >
<el ement -ref nane="synbol "/ >
<el ement -ref nane="quantity"/>
<element-ref nanme="linit" property="linit-price"/>
<el ement -ref nanme="stop" property="stop-price"/>
<el ement -ref nanme="date"/>

</content >

<l-- Constructor declarations not yet inplenented
<constructor properties="account action synbol quantity"/>
-->
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D.1.3

Simplestok trades D.1

<enuneration name="Action"

menber s="buy buy-to-cover sell sell-short"/>

<enumnerati on name="Duration"

<attribu
<attribu
<attribu

</ el ement >

menber s="i medi ate day good-til-cancel ed"/>

te name="account" convert="int"/>
te name="action"/>
te name="duration"/>

</ xm - j ava- bi ndi ng- schema>

The Tr ade class

Thefollowing codecouldbe generatedby oneparticularimplementatiorof this specifi-

cation;otherimplementationsnay producesomeavhatdifferentcode.

i nport java.

i nport java.

i nport java.

i nport java.

i nport java.

i nport javax.
i nport javax.
i mport javax.
i nport javax.
i mport javax.
i mport javax.
i mport javax.
i nport javax.
i nport javax.
i nport javax.
i nport javax.
i nport javax.
i nport javax.
i nport javax.
i nport javax.
i mport javax.
i mport javax.
i nport javax.

public class
ext ends
i npl emen

private
private
private
private
private
private
private
private
private
private
private

i 0.1 CException;

i 0.1 nputStream

mat h. Bi gDeci nal ;

t ext. ParseExcepti on;

util.Date;

xm . bi nd. Conver si onExcept i on;

xm . bi nd. Di spat cher;

xmi . bi nd. DuplicateAttribut eExcepti on;
xmi . bind. 111 egal Enuner ati onVal ueExcepti on;
xmi . bind. I nval i dAttributeException;
xm . bi nd. Local Val i dati onExcepti on;
xm . bi nd. Mar shal | abl eRoot El enent ;

xm . bi nd. Mar shal | er;

xm . bi nd. M ssi ngAttribut eExcepti on;
xm . bi nd. M ssi ngCont ent Excepti on;

xm . bi nd. NoVal ueExcepti on;

xni . bi nd. Root El enent ;

xm . bind. StructureVal i dati onException;
xm . bi nd. Unmar shal Excepti on;

xni . bi nd. Unmar shal | er;

xm . bi nd. Val i dat or;

xm . mar shal . XM_Scanner ;

xm . marshal . XMW iter;

Tr ade
Mar shal | abl eRoot El enent
ts Root El enent

bool ean has_Account = fal se;
int _Account;

Action _Action;

final static Duration DEFAULTED DURATION = Duration
Duration _Duration;

String _Synbol;

bool ean has_Quantity = fal se;
int _Quantity;

Bi gDecimal _LinitPrice;

Bi gDeci mal _St opPri ce;

Date _Date;

. par se("day");
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public Trade() { }

public Trade(int _Account, Action _Action, String Synbol, int _Quantity) {
set Account (_Account);
set Action(_Action);
set Synbol (_Synbol ) ;
setQuantity(_Quantity);
}

public int getAccount() {
if (has_Account) return _Account;
t hrow new NoVal ueExcepti on("account");

}

public void setAccount(int _Account) {
this. _Account = Account;
has_Account = true;

}

public bool ean hasAccount() { return has_Account; }

public void del eteAccount () {
has_Account = fal se;
invalidate();

}

public Action getAction() { return _Action; }

public void setAction(Action _Action) {
this. Action = _Action;
if (_Action == null) invalidate();

}

public Duration getDuration() {
if (_Duration == null) return DEFAULTED_DURATI ON,
return _Duration;

}

public void setDuration(Duration _Duration) {
this. Duration = _Duration;
if (_Duration == null) invalidate();

}

public bool ean defaul tedDuration() { return Duration !'= null; }
public String getSynbol () { return _Synbol; }

public void set Symbol (String _Synbol) {
this._Symbol = _Synbol;
if (_Symbol == null) invalidate();
}

public int getQuantity() {
if (has_Quantity) return _Quantity;
t hrow new NoVal ueException("quantity");
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public void setQuantity(int _Quantity) {
this. Quantity = Quantity;
has_Quantity = true;

}

public bool ean hasQuantity() { return has_Quantity; }

public void del eteQuantity() {
has_Quantity = fal se;
inval idate();

}
public BigDecimal getLinmtPrice() { return LimtPrice; }

public void setLimtPrice(BigDecimal _LinitPrice) {
this. LimtPrice = LimtPrice;
invalidate();

}
public BigDecimal getStopPrice() { return _StopPrice; }

public void setStopPrice(BigDecimal _StopPrice) {
this. StopPrice = _StopPrice;
inval idate();

}
public Date getDate() { return _Date; }

public void setDate(Date Date) {
this. Date = Date;
if (_Date == null) invalidate();
}

/1 Declared in javax.xm .bind. Val i dat abl eQbj ect
public void validateThis()
throws Local Val i dati onException

{
if (!has_Account) throw new M ssingAttributeException("account");
if (_Action == null) throw new M ssingAttributeException("action");
if (_Symbol == null) throw new M ssi ngCont ent Excepti on("synbol ");
if (!has_Quantity) throw new M ssingContent Exception("quantity");
if (_Date == null) throw new M ssi ngCont ent Exception("date");

}

public void validate(Validator v)
throws StructureValidationException

Il The DID does not describe any global structural constraints

}

/1 Declared in javax.xnl.bind. Marshal | abl eRoot El enent
public void marshal (Marshaller n

throws | CException
{

XMWiter w=mwiter();
w.start("trade");
w. attribute("account”, Integer.toString(_Account));
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}

if (_Action !=null) wattribute("action", _Action.toString());

if (_Duration !=null) wattribute("duration', Duration.toString());
w. | eaf ("synbol ", _Synbol.toString());

w. leaf ("quantity", Integer.toString(_Qantity));

if (_LimtPrice !=null) wleaf("limt", _LimtPrice.toString());

if (_StopPrice !'= null) wleaf("stop", _StopPrice.toString());

w. | eaf ("date", Cnv.printDate(_Date));

w. end("trade");

public void unmarshal (Unmarshal | er u)

{

t hrows Unmar shal Exception

XM.Scanner xs = u.scanner();
Validator v = u.validator();
xs.takeStart ("trade");
while (xs.atAttribute()) {
String an = xs.takeAttributeNane();
String av = xs.takeAttributeVal ue( XM.Scanner. W5 _COLLAPSE) ;
if (an.equal s("account")) {
if (has_Account)
throw new Dupl i cateAttribut eException(an);
try {
_Account = Integer.parselnt(av);
} catch (Exception x) {
t hrow new Conver si onExcepti on("account”, x);

}
has_Account = true;
conti nue;

}

if (an.equals("action")) {
if (_Action !'= null)
throw new Dupl i cateAttribut eException(an);
try {
_Action = Action. parse(av);
} catch (Exception x) {
t hrow new Conver si onException("action", Xx);
}

conti nue;
}
if (an.equals("duration")) {
if (_Duration != null)
throw new DuplicateAttribut eException(an);
try {
_Duration = Duration. parse(av);
} catch (Exception x) {
t hrow new Conver si onException("duration", x);
}

conti nue;
throw new | nval i dAttribut eException(an);

}
_Symbol = xs.takeLeaf ("symbol", XM.Scanner.Ws COLLAPSE);
String s = xs.takeLeaf ("quantity", XM.Scanner.WS COLLAPSE);
try {

_Quantity = Integer.parselnt(s);
} catch (Exception x) {

t hrow new Conversi onException("quantity", x);
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}
has_Quantity = true;
if (xs.atStart("limt")) {
s = xs.takeLeaf ("limt"
try {
_LimtPrice = new Bi gDeci mal (s);
} catch (Exception x) {
throw new Conver si onException("linit", x);
}
}

if (xs.atStart("stop")) {
s = xs.takeLeaf ("stop", XM.Scanner.Ws COLLAPSE);
try {
_StopPrice = new Bi gDeci mal (s);
} catch (Exception x) {
t hrow new Conver si onException("stop", X);

, XM.Scanner. WS COLLAPSE) ;

} }
s = xs.takeLeaf ("date", XM.Scanner.WS COLLAPSE);
try {

_Date = Cnv. parseDate(s);
} catch (Exception x) {
t hrow new Conver si onException("date", x);

}
xs. takeEnd("trade");
}

/1 Specified in javax.xm .bind. Marshal | abl eQhj ect

public static Trade unmarshal (1 nput Stream in)
throws Unmar shal Exception

{

}

public static Trade unmarshal (XM.Scanner xs)
throws Unmar shal Exception
{

}

public static Trade unmarshal (XM.Scanner xs, Dispatcher d)
throws Unmarshal Exception
{

}

public static Dispatcher newDispatcher() {
Di spatcher d = new Di spatcher();
d.register("trade", Trade.class);
d. freezeEl ement NaneMap() ;
return d,

return unmarshal (XM.Scanner. open(in));

return unmarshal (xs, newDi spatcher());

return ((Trade)d. unmarshal (xs, Trade.class));

}

public bool ean equal s(Qbj ect oh) {
if (this == ob) return true;
if (!(ob instanceof Trade)) return fal se;
Trade tob = (Trade) ob;
if (has_Account) {

Simplestok trades D.1
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}

if (!tob.has_Account) return false
if (_Account !'= tob. Account) return false
} else if (tob.has_Account) return false
if (_Action !=tob. Action) return false
if (_Duration !=tob. Duration) return false
if (_Symbol !'= null) {
if (tob._Synbol == null) return false
if (!_Synbol.equals(tob._Synbol)) return false;
} else if (tob._Synbol != null) return false
if (has_Quantity) {
if (!tob.has_Quantity) return false
if (_Quantity != tob._Quantity) return false
} else if (tob.has_Quantity) return false
if (_LimtPrice !=null) {
if (tob. LinmitPrice == null) return fal se
if (! LimtPrice.equals(tob. LimtPrice)) return false
} else if (tob. LimtPrice !'=null) return false
if (_StopPrice !'=null) {
if (tob. StopPrice == null) return false
if (!_StopPrice.equals(tob._StopPrice)) return false
} else if (tob._StopPrice !=null) return false
if (_Date !=null) {
if (tob. Date == null) return false
if (!_Date.equals(tob._Date)) return false
} else if (tob._Date !'=null) return false
return true

public int hashCode() {

}

int h=0;

h = (31 * h) + ((has_Account) ? _Account: 0);

h = (127 * h) + ((_Action !'=null) ? _Action.hashCode() : 0);

h = (127 * h) + ((_Duration != null) ? _Duration. hashCode() : 0);

h = (127 * h) + ((_Synbol != null) ? _Synbol.hashCode() : 0)

h =(31* h) + ((has_Quantity) ? _Quantity : 0);

h = (127 * h) + ((_LinmitPrice !'=null) ? _LimtPrice.hashCode() : 0);
h = (127 * h) + ((_StopPrice = null) ? _StopPrice.hashCode() : 0);

h = (127 * h) + ((_Date !'=null) ? _Date.hashCode() : 0);

return h;

public String toString() {

StringBuffer sb = new StringBuffer("<<trade")
if (has_Account) {

sb. append(" account=");

sb. append( | nt eger.toString(_Account));

}
if (_LAction I'=null) {
sb. append(" action=");
sh. append(_Action.toString());

sbh. append(" duration=");
sb. append(_Duration.toString());
if (_Symbol '= null) {

sb. append(" synbol =");

sb. append(_Synbol .toString());

}
if (has_Quantity) {
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sh. append(" quantity=");
sh. append(_Quantity);

if (LimtPrice !=null) {
sb. append(" limt=");
sb. append(_LinmitPrice.toString());

if (_StopPrice !'= null){
sb. append(" stop=");
sh. append(_LinmitPrice.toString());

}
if (_Date !=null) {
sb. append(" date=");
sb. append(Cnv. printDate(_Date));

}

sh. append(">>");

return sh.toString();
}

public final static class Action {

private String _Action;

public final static Action BUY = new Action("buy");

public final static Action BUY_TO COVER = new Action("buy-to-cover");
public final static Action SELL = new Action("sell");

public final static Action SELL_SHORT = new Action("sell-short");

private Action(String Action) { this. Action = _Action; }

public static Action parse(String Action) {
if (_Action.equal s("buy")) return BUY;
if (_Action.equal s("buy-to-cover")) return BUY_TO COVER
if (_Action.equals("sell")) return SELL;
if (_Action.equals("sell-short")) return SELL_SHORT;
throw new ||| egal Enunerati onVal ueException(_Action);

}
public String toString() { return _Action; }
public bool ean equal s(Chject ob) { return ob == this; }

public int hashCode() { return _Action. hashCode(); }

}

public final static class Duration {

private String _Duration;
public final static Duration DAY = new Duration("day");
public final static Duration GOOD TIL_CANCELED

= new Duration("good-til-cancel ed");

private Duration(String Duration) { this. Duration = Duration; }

public static Duration parse(String Duration) {
if (_Duration.equals("day")) return DAY;
if (_Duration.equals("good-til-canceled"))
return GOOD_TI L_CANCELED;
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throw new ||| egal Enumerati onVal ueException(_Duration);

}
public String toString() { return _Duration; }
public bool ean equal s(hject ob) { return ob == this; };

public int hashCode() { return _Duration. hashCode(); }

D.2 Treenodes

D.2.1 DTD

<! ELEMENT node ( node* ) >

<l ATTLI ST node
name | D #REQUI RED
ref | DREF #| MPLI ED >

D.2.2 Binding schema
<xm -j ava- bi ndi ng- schena versi on="1.0-ea">
<options property-get-set-prefixes="false"/>

<el ement nanme="node" type="class" root="true">
<cont ent >
<el ement -ref nanme="node" property="children"/>
</ content>

<l-- Constructor declarations not yet inplenented
<constructor properties="children"/>
-->

</ el enent >

</ xm - j ava- bi ndi ng- schema>

D.2.3 Samplevalid document

<node nane="root">
<node nane="usr">
<node nane="usr-bin"/>
<node nanme="usr-1lib">

<node nane="usr-lib-libc.so" ref="lib-libc.so.6.2"/>
<node nane="usr-|ib-uucp"/>
</ node>
<node nane="usr-nman"/>
</ node>

<node nane="etc">
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D.2.4

Treenodes D.2

<node nane="etc-rc.d"/>
<node nane="etc-inetd.conf"/>
</ node>
<node nane="Ilibh">
<node nane="lib-1ibc.so.6.2"/>
</ node>
</ node>

The Node class

Thefollowing codecouldbe generatedby oneparticularimplementatiorof this specifi-
cation;otherimplementationsnay producesomeavhatdifferentcode.

inport java.io.lCException;

inport java.io.lnputStream

inport java.util.lterator;

inport java.util.List;

i nport javax.xn.bind. Di spat cher;

i nport javax.xmn.bind.IdentifiableEl enent;

i nport javax.xm.bind. InvalidAttributeException;
inport javax.xm . bind.lnvalidContentChjectException;
i nport javax.xnl.bind. Local Val i dati onException;
i nport javax.xnl.bind. Marshal | abl eQj ect ;

i nport javax.xnl.bind. Marshal | abl eRoot El enent ;

i nport javax.xni.bind. Marshal | er;

i nport javax.xnl.bind. MssingAttributeException;
i nport javax.xnl.bind. PredicatedLists;

i nport javax.xni.bind. RootEl enent;

i nport javax.xm.bind. StructureValidationException;
i nport javax.xn . bind. Unmar shal Excepti on;

i nport javax.xn . bind. Unnmarshal | er;

i nport javax.xn . bind. Validatabl eQbj ect;

i nport javax.xni.bind. Validator;

i nport javax.xm . marshal . XM.Scanner ;

i nport javax.xnl.marshal . XM.Witer;

public class Node
extends Marshal | abl eRoot El enent
i npl ements Root El enent, Identifiabl eEl ement

private String _Nane;
private ldentifiabl eEl ement _Ref;

private PredicatedLists.Predicate pred_Children
= new Predi catedLi sts. Predicate() {
public void check(bject ob) {
if (!(ob instanceof Node))
t hrow new | nval i dCont ent Obj ect Exception();
}
¥

private List _Children = PredicatedLists.create(this, pred_Children);

public Node() { }
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public Node(List _Children) {
this. _Children.add(_Children);
}

public String name() { return _Nane; }

public void name(String Name) { this._Name = Name; invalidate(); }

/1 Specified in javax.xm .bind.|dentifiabl eEl ement
public String id() { return _Name; }

public ldentifiableElement ref() { return _Ref; }

public void ref(ldentifiableElement Ref) {
this. Ref = Ref;
invalidate();

}

public List children() {
return _Children;
}

public void enptyChildren() {
_Children = PredicatedLists.create(this, pred_Children);

}

public void deleteChildren() {
_Children = null;
invalidate();

}

/1 Declared in javax.xm .bind. Vali dat abl eQbj ect
public void validateThis()

throws Local Val i dati onException
{

}

public void validate(Validator v)
throws StructureValidationException

if (_Name == null) throw new M ssingAttributeException("nane");

{
if (_Ref = null) v.reference(_Ref);
if (_Children !'=null)
for (Iterator i = Children.iterator(); i.hasNext();)
v.reference((ldentifiabl eEl ement)i.next());
}

/1 Specified in javax.xm .bind. Marshal | abl eRoot El enent
public void marshal (Marshaller m

throws | CException
{

XMWiter w=mwiter();
w. start("node");
if (_Name !'= null) wattribute("name", _Name);
if (_Ref '=null) wattribute("ref", Ref.id());
if (_Children !'=null)
for (Iterator i = Children.iterator(); i.hasNext();)
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m nmar shal ((Marshal | abl eChject)i.next());
w. end(" node");

}

public void unmarshal (Unnmarshaller u)
throws Unmarshal Exception

{
XM.Scanner xs = u.scanner();
Validator v = u.validator();
xs.takeStart ("node");
while (xs.atAttribute()) {
String an = xs.takeAttributeNane();
String av = xs.takeAttributeVal ue();
if (an.equal s("name")) {
if (_Name !'= null)
t hrow new Dupl i cateAttribut eException;
_Name = av,
continue;
if (an.equals("ref")) {
Val i dat or. Pat cher p
= new Val i dator. Patcher() {
public void patch(ldentifiableHement target) {
_Ref = (Node)target;
s
v.reference(av, p);
continue;
}
throw new I nval i dAttribut eException(an);
}
while (xs.atStart("node"))
_Chil dren. add(u. unmer shal ( Node. cl ass));
Xs. t akeEnd( " node");
}

/1 Declared in javax.xm .bind. Marshal | abl eChj ect

public static Node unmarshal (I nputStreamin)
throws Unmar shal Exception

{

}

public static Node unmarshal (XM.Scanner xs)
throws Unmarshal Exception
{

}

public static Node unmarshal (XM.Scanner xs, Dispatcher d)
throws Unmar shal Exception
{

}

public static Dispatcher newDispatcher() {
Di spatcher d = new Di spatcher();
d.register("node", Node.class);
d. freezeEl ement NaneMap() ;

return unmarshal (XM.Scanner. open(in));

return unmarshal (xs, newDi spatcher());

return ((Node) d.unmarshal (xs, Node.class));
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}

return d;

public bool ean equal s(Qbj ect oh) {

}

if (this == ob) return true;
if (!(ob instanceof Node)) return false;
Node tob = (Node) ob;
if (_Name !'= null) {

if (tob. Nane == null) return fal se;

if (!_Nanme.equal s(tob._Nane)) return false;
} else if (tob._Name != null) return false;
if (_Ref !'=null) {

if (tob. _Ref == null) return fal se;

if (! _Ref.equals(tob. Ref)) return false;
} else if (tob. Ref !'=null) return false;
if (_Children !=null) {

if (tob. Children == null) return fal se;

if (! _Children.equals(tob. Children)) return false;
} else if (tob. Children !'= null) return false;
return true;

public int hashCode() {

}

int h=0;

h =(127 * h) + ((_Nanme != null) ? _Nane. hashCode() : 0);

h = (127 * h) + ((_Ref != null) ? _Ref.hashCode() : 0);

h = (127 * h) + ((_Children !'= null) ? _Children. hashCode() :
return h;

public String toString() {

StringBuffer sb = new StringBuffer("<<node");
if (_Name !'= null) {

sb. append(" name=");

sb. append(_Nane.toSring());

if (_Ref I'=null) {
sb. append(" ref=");
sh. append(_Ref.id());

if (_Children !=null) {
sb. append(" children=");
sb. append(_Children.toString());

}
sh. append(">>");
return sb.toString();
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