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Preface

Status of this document This is a working draft of thespecificationbeingdeveloped
within theJavaCommunityProcessfor JSR-31:XMLDataBinding. It isbeingpublished
alongwith thefirst public early-accessreleaseof Sun’s JAXB implementationin order
to aid in theuseandevaluationof thatrelease.

Thisdraftisknowntobeincomplete.It isnotsuitablefor citationasanauthoritative
reference;it shouldonly becitedasawork in progress.

The JSR-31Expert Group reservesthe right to makesubstan-
tial changesto this draft in futur erevisions. TheExpert Group
makesno commitment asto whether the final specificationwill
bear any resemblenceto 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.

Thepublicationof this draft shouldnotbeinterpretedasanendorsementof thisversion
of thespecificationby any particularmemberof theexpertgroup.Somemembersof the
expertgrouphavechosennot to endorsethis draft.

How to comment on this document Pleasesendcommentsvia e-mail,in plainASCII,
to jaxb-feedback@java.sun.com. Pleasedo not sendan annotatedversionof this PDF
file, aswedo nothavereadyaccessto softwarefor readingsuchannotations.
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1 Intr oduction

XML is,essentially, aplatform-independentmeansof structuringinformation.An XML
documentis a treeof elements. An elementmayhave a setof attributes, in theform of
key-valuepairs,andmaycontainotherelements,text, or amixturethereof.An element
may refer to other elementsvia identifier attributes,therebyallowing arbitrarygraph
structuresto berepresented.

An XML documentneednot follow any rulesbeyondthewell-formednesscriteria
laid out in the XML 1.0 specification. To exchangedocumentsin a meaningfulway,
however, requiresthat their structureandcontentbe describedandconstrainedso that
thevariouspartiesinvolvedwill interpretthemcorrectlyandconsistently. This canbe
accomplishedthroughtheuseof a schema. A schemacontainsa setof rulesthatcon-
strainsthestructureandcontentof adocument’scomponents,i.e., itselements,attributes,
andtext. A schemaalsodescribes,at leastinformally andoftenimplicitly, theintended
conceptualmeaningof a document’s components.A schemais, in otherwords,a spec-
ification of thesyntaxandsemanticsof a (potentiallyinfinite) setof XML documents.
A documentis saidto be valid with respectto a schemaif, andonly if, it satisfiesthe
constraintsspecifiedin theschema.

In what languageareschemaswritten? The XML specificationitself describesa
sublanguagefor writing document-typedefinitions, or DTDs. Schemaswritten in this
languageare by far the most commonas of this writing. As schemasgo, however,
DTDs arefairly weak. They supportthe definition of simpleconstraintson structure
andcontent,but provide no real facility for expressingdatatypesor complex structural
relationships.Thesedeficiencieshavemotivatedproposalstoadddatatypeinformationto
DTDs,suchastheDT4DTD datatype-annotationconventions.They havealsoprompted
thecreationof moresophisticatedschemalanguagessuchasXDR,SOX, RELAX, TREX,
and,mostsignificantly, theXML Schemalanguagerecentlydefinedby theWorld Wide
WebConsortium.This specificationaimsto supportbothDTDs anda simplesubsetof
theW3CXML Schemalanguage.

1.1 Data binding
Any nontrivial applicationof XML will, then,bebasedupononeormoreschemasandwill
involve oneor moreprogramsthatcreate,consume,andmanipulatedocumentswhose
syntaxandsemanticsaregovernedby thoseschemas.While it is certainlypossibleto
write suchprogramsusingthelow-level SAX parserAPI or thesomewhathigher-level
DOM parse-treeAPI, doingsois likely to betediousanderror-prone.Theresultingcode
is alsolikely to containmany redundanciesthatwill make it difficult to maintainasbugs
arefixedandastheschemasevolve.

It wouldbemucheasiertowriteXML-enabledprogramsif wecouldsimplymapthe
componentsof anXML documentto in-memoryobjectsthatrepresent,in anobviousand
usefulway, thedocument’s intendedmeaningaccordingto its schema.Of whatclasses
shouldtheseobjectsbeinstances?In somecasestherewill beanobviousmappingfrom



4 Data binding 1.1

schemacomponentsto existing classes,especiallyfor commontypessuchasString,
Date, Vector, andso forth. In general,however, classesspecificto theschemabeing
usedwill berequired.Ratherthanburdendeveloperswith havingtowritetheseclasseswe
cangeneratetheclassesdirectly from theschema,therebycreatingaJava-level binding
of theschema.

An XML data-bindingfacility thereforecontainsaschemacompilerthatbindscom-
ponentsof aninputschemato derivedclasses.Eachclassprovidesaccessto thecontent
of the correspondingschemacomponentvia a setof JavaBeans-styleaccess(i.e., get
andset) methods.Sucha facility alsoprovidesa binding framework, a runtimeAPI
that,in conjunctionwith thederivedclasses,supportsthreeprimaryoperations:

� Theunmarshallingof anXML documentintoatreeof interrelatedinstances
of bothexistingandschema-derivedclasses,

� Themarshallingof suchcontenttreesbackinto XML documents,and

� The validation of content treesagainstthe constraintsexpressedin the
schema.

TheunmarshallingprocesschecksincomingXML documentsfor validity with respectto
theschema.Similarly, thecompilergeneratescodeinto thederivedclassesto enforcethe
constraintsexpressedin theschema;someof theseconstraintsmayalwaysbeenforced,
whileothersmayonlybecheckeduponexplicit request.Themarshallingprocessoperates
only uponvalid contenttrees,therebyensuringthatonly valid documentsaregenerated.

ClassescompileSchemainstanceoffollowsmarshalunmarshalObjectsDocument
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unmarshal
ObjectsDocument

To sum up: Schemasdescribethe structureand meaningof an XML document,in
much the sameway that a classdescribesan object in a program. To work with an
XML documentin a programwe would like to mapits componentsdirectly to a setof
objectsthat reflect the document’s meaningaccordingto its schema.We canachieve
this by compiling the schemainto a set of derived classesthat handleall the details
of marshallingand unmarshallingand also ensurethat only valid documentswill be
producedandconsumed.DatabindingthusallowsXML-enabledprogramsto bewritten
at thesameconceptuallevel asthedocumentsthey manipulate,ratherthanat themore
primitive level of parsereventsor parsetrees.
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1.2 Goals
This specificationaims to describean XML data-bindingfacility with the following
generalproperties:

� Beeasyto use. It shouldbepossiblefor adeveloperwhoknowslittle about
XML to compilea simpleschemaandimmediatelystartmakinguseof the
classesthatareproduced.

� Becustomizable. Sophisticatedapplicationssometimesrequirefinecontrol
overthestructureandcontentof schema-derivedclasses,bothfor theirown
purposesandfor thatof copingwith schemaevolution.

� Be fastandlean. It shouldbepracticalto usethefacility for processingvery
largedocuments.It shouldalsowork well in resource-limiteddevices.

� SupportDTDsandW3CXMLSchema. Thefirst versionof thisspecification
shouldsupporttheDTD sublanguageof XML 1.0,theschemalanguagethat
is mostwidelyusedtoday, alongwith theDT4DTD datatypeconventions.It
ishighlydesirablethatit alsosupportasimplesubsetof W3CXML Schema.
Futureversionsmayaddmorecompletesupportfor W3CXML Schemaas
well assupportfor otherschemalanguages.

Thederivedclassesproducedby theschemacompilershould,morespecifically,

� Be natural. Insofar aspossible,derived classesshouldobserve standard
JavaAPI designguidelinesandnamingconventions.If new conventionsare
requiredthenthey shouldmeshwell with existingconventions.A developer
shouldnotbeastonishedwhentrying to useaderivedclass.

� Matchtheconceptuallevelofthesourceschema. It shouldbestraightforward
toexamineany content-bearingcomponentof thesourceschemaandidentify
thecorrespondingJava languageconstructin thederivedclasses.

� Hide all the plumbing. All the detailsof unmarshalling,marshalling,and
validationshouldbecompletelyencapsulatedwithin thederivedclassesand
theruntimeAPIs uponwhich they depend.A developershouldnot have to
think aboutSAX or DOM or any otherXML-relatedAPI in orderto make
useof schema-derivedclasses.

� Beextensible. ThecustomizationmechanismmostfamiliartoJavadevelop-
ersis thatof extendinga classby definingasubclass.It shouldbenot only
possiblebuteasytoextendaderivedclassin ordertoaddapplication-specific
functionality.
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� Supportserialization. Someimportantapplicationsof XML databinding,
e.g., theconstructionof EnterpriseJavaBeans,make heavy useof theJava
platform’sobject-serializationfacility. Derivedclassesshouldmake it easy
to defineserializablesubclasses.

� Supportvalidation on demand. While working with a contenttreecorre-
spondingto an XML documentit is often necessaryto validatethe tree
againsttheconstraintsin thesourceschema.It shouldbepossibleto dothis
atany time,withoutfirst marshallingthetreeinto XML.

� Preserveequivalence(round tripping). If an XML documentcanbe un-
marshalledinto a contenttree then marshallingthat tree shouldproduce
an equivalentXML document. If a contenttreecanbe marshalledinto a
documentthenunmarshallingthatdocumentshouldproduceanequivalent
tree.

A non-goal It isnotnecessaryfor thefacility describedbythisspecificationtoimplement
every last featureof the schemalanguagesthat it supports. More precisely, a given
schema-languagefeatureneednot be implementedif it is not commonlyusedin data-
orientedapplicationsof XML andif supportingit would undulycomplicateeitherthis
specificationor its implementations.

This non-goaldoesnot imply that supportingdocument-orientedapplicationsis
somethingto beavoided;it merelyrecognizesthatsomeschema-languagefeaturesthat
areusedprimarily in suchapplicationsdonotalwaysfit well into thecontext of anXML
data-bindingfacility. Thisspecificationandits implementationswill supportdocument-
orientedapplicationsinsofar as doing so doesnot interferewith achieving the above
goals.

Goals abandoned Section2.5 of JSR-31describesa general-purposemarshalling
framework thatshould

1. Not bespecificto XML, if atall possible;and

2. Beusablefor applicationsotherthanXML databinding,e.g., for theXML-
basedarchiving of arbitrary graphsof JavaBeansas envisioned in JSR-
57: Long-TermPersistencefor JavaBeans.

Wehaveabandonedthesegoalsin light of experiencegainedin thedevelopmentof both
this specificationandaprototypeimplementation.

We abandoned(1) becausedefininga completelygeneralmarshallingframework
is a very difficult problem. This goal wasstatedasa desideratumratherthana hard
requirementin JSR-31,andachieving it is notnecessaryto theachievementof ourother
goals,thereforeit wasdroppedin the interestof finishing this specificationin a timely
manner.
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Wepartlyabandoned(2)becauseit provedimpracticaltoachievecompletelywithout
riskingtheachievementof severalothergoals.It is certainlypossibleto defineanXML-
orientedmarshallingframework that is not specificto databinding,andindeedothers
have doneso. A data-bindingfacility baseduponsucha framework would, however,
have two significantdrawbacks:

� TheruntimeAPI wouldbemore complex. A general-purposeXML-based
marshallingframeworkmustbeabletoworkwith existingclassesthatcannot
bemodified,i.e., classesto which self-containedmarshal andunmarshal
methodscannotbe added. It must thereforesupportthe definition of the
requiredmetadatain someotherform.

� Unmarshalling and marshalling would be lessefficient. In orderto usea
general-purposeframework it would benecessaryto divorcethevalidation
processfrom the unmarshallingandmarshallingprocesses.After unmar-
shallinga contenttree it would have to be traversedagainin order to be
validated. A treewould, similarly, have to bevalidatedbeforebeingmar-
shalled.Work onourprototypeimplementationhasshown thattightly inte-
gratingthesethreeprocessesallows validationto beperformedor checked
concurrentlywith bothunmarshallingandmarshalling.

This specificationthereforedescribesa binding framework rather than a marshalling
framework. In principlethebindingframework asawholemaybeusedseparatelyfrom
theothercomponentsdescribedin thisspecification,thoughwedonotexpectsuchusage
to becommon.Theportionof thebindingframework thatdealsexclusivelywith reading
andwriting XML documentsdoesresidein a separatepackage,however, andwe do
expectthatpackageto bemoregenerallyuseful.
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2 Ar chitecture

2.1 Overview
Theprimarycomponentsof theXML data-bindingfacility describedin thisspecification
aretheschemacompiler, thebindingframework, andthebindinglanguage.

� The schemacompiler transforms,or binds, a source schemato a set of
derivedclasses. As usedin this specification,thetermschemaincludesthe
document-typedefinitionlanguageof theXML 1.0specification.

� Thebindingframework is asetof public interfacesandclassesuponwhich
derived classesrely to implementthe operationsof unmarshalling,mar-
shalling,andvalidation.

� Thebindinglanguage is anXML-basedlanguagethatdescribesthebinding
of a sourceschemato a setof derivedclasses.A binding schemawritten
in this languagespecifiesthedetailsof theclassesderivedfrom aparticular
sourceschema.

Derived classes A contentclassis a classderivedfrom a content-bearingcomponent
of the sourceschema. Most, but not all, schema-derived classesare contentclasses.
An elementclass is the commoncaseof a contentclassthat correspondsdirectly to
an element-typedeclarationin the sourceschema.A root elementclassis an element
classthatcorrespondsto anelementtypewhoseinstancesmayserveasdocumentroots.
Instancesof contentclassesarecalledcontentobjects; instancesof elementclassesare
calledelementobjects.

A coarse-grainedschemacomponent,suchasanelement-typedeclaration,isgener-
ally boundto acontentclass.A fine-grainedcomponent,suchasanattributedeclaration
or asimple(i.e., #PCDATA-only) element-typedeclaration,is bounddirectlyto aproperty
within acontentclass.A propertyis realizedin acontentclassbyasetof JavaBeans-style
accessmethods. Thesemethodsincludetheusualget andset methodsfor retrieving
andmodifying a property’s value;they alsoprovide for thedeletionand,if appropriate,
there-initializationof aproperty’svalue.

Propertiesarealsousedfor referencesfrom onecontentobject to another. If an
instanceof a schemacomponentX canoccurwithin, or bereferencedfrom, aninstance
of someothercomponentY thenthecontentclassderivedfrom Y will definea property
thatcancontaininstancesof X.

Operations Theprimaryoperationssupportedby a setof derivedclassesarethoseof
unmarshalling,marshalling,andvalidation.

� Unmarshallingis theprocessof readinganXML documentandconstructing
a treeof contentobjects. Eachcontentobject correspondsdirectly to an
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instancein the input documentof the correspondingschemacomponent,
hencethis contenttreereflectsthedocument’scontent.

� Marshallingis theinverseof unmarshalling, i.e., it is theprocessof traversing
acontenttreeandwriting anXML documentthatreflectsthetree’scontent.

� Validation is the processof verifying that all constraintsexpressedin the
sourceschemahold for a givencontenttree. A contenttreeis valid if, and
only if, marshallingthe treewould generatea documentthat is valid with
respectto thesourceschema.

Theunmarshallingprocessincorporatesthevalidationprocess:If anunmarshallingop-
erationis successfulthen both the input documentand the resultingcontenttree are
guaranteedto be valid. The marshallingprocess,on the otherhand,doesnot actually
performvalidation.Onlyvalidcontenttreesmaybemarshalled,however;thisguarantees
thatgeneratedXML documentsarealwaysvalid with respectto thesourceschema.

Unmarshallingis not the only meansby which a contenttree may be created.
Schema-derivedcontentclassesalsosupporttheprogrammaticconstructionof content
treesby direct invocationof theappropriateconstructorsandmethods.Oncecreateda
contenttreemaybere-validated,eitherin wholeor in part,at any time.

Binding schemas A particularbinding of a given sourceschemais definedby an
auxiliary documentcalled the binding schema. Binding schemasare written in the
bindinglanguage, whichis itselfanapplicationof XML. Thesetof classesthatconstitute
aparticularbindingis theresultof aprocessthatevaluatesasourceschematogetherwith
a binding schema.The schemacompilerhenceactuallyrequirestwo inputs,a source
schemaandabindingschema.

A binding schemadefinesthoseaspectsof a binding that do not follow directly
from thesourceschema.It definesthenamesof thederivedclassesaswell asthenames
andtypesof the methodswithin thoseclasses.It definesthe binding of element-type
declarationsto elementclassesand allows componentsof an elementtype’s content
specificationto beboundto specificpropertiesin thecorrespondingclass.It definesthe
bindingof simpleelement-typedeclarationsandattributedeclarationstopropertiesin the
appropriateelementclasses.Finally, it providesfor thedefinitionof dataconversions,
constructors,interfaces,andtypesafe-enumerationclasses.

A bindingschemaneednot defineevery lastdetailof a binding. Theschemacom-
piler assumesdefaultbindingdeclarationsfor thosecomponentsof thesourceschema
thatarenot mentionedexplicitly in the bindingschema.Default declarationsboth re-
ducetheverbosityof a bindingschemaandmake it morerobustto theevolution of the
sourceschema.Thedefaultingrulesaresufficientlypowerful thatin many casesausable
bindingcanbeproducedwith nobindingschemaat all.
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2.2 Varieties of validation
Theconstraintsexpressedin aschemafall into threegeneralcategories:

� A typeconstraint imposesrequirementsuponthevaluesthatmaybegiven
to attributesor usedasthecontentof simple,#PCDATA-only elements.

� A local structural constraint imposesrequirementsuponevery instanceof
a givenelementtype,e.g., thatrequiredattributesaregivenvaluesandthat
acomplex element’scontentmatchesits contentspecification.

� A global structural constraint imposesrequirementsuponanentiredocu-
ment,e.g., thatID valuesareuniqueandthatfor everyIDREF attributevalue
thereexistsanelementwith thecorrespondingID attributevalue.

A documentis valid if, andonly if, all of the constraintsexpressedin its schemaare
satisfied. Similarly, a contenttree is valid if, andonly if, marshallingthe treewould
produceavaliddocument.It wouldbebothinconvenientandinefficienttohavetomarshal
acontenttreejust to checkits validity. Hencetheschemacompilermapseachconstraint
in thesourceschemainto oneor moreJavalanguageconstructsor codefragmentswhich
enforceit.

The mannerin which constraintsare enforcedin a set of derived classeshasa
significantimpactupontheusabilityof thoseclasses.All constraintscould,in principle,
becheckedonly duringunmarshallingandvalidation. This approachwould, however,
yield classesthatviolatethe fail-fast principleof API design:Errorsshould,if feasible,
bereportedassoonasthey aredetected.In thecontext of schema-derivedclasses,this
principle ensuresthat violationsof schemaconstraintsaresignalledwhen they occur
ratherthanlateronwhenthey maybemoredifficult to diagnose.

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

� Staticenforcementleveragesthetypesystemof theJavaprogramminglan-
guageto ensurethata schemaconstraintis checkedat application-compile
time. Typeconstraintsareoftengoodcandidatesfor staticenforcement.If
anattribute is constrainedby a schemato have a booleanvalue,e.g., then
theaccessmethodsfor thatattribute’spropertycansimplyacceptandreturn
valuesof typeboolean.

� Simpledynamicenforcementperformsa trivial run-timecheckandthrows
an appropriateexceptionuponfailure. Type constraintsthat do not easily
map directly to Java classesor primitive typesare bestenforcedin this
way. If anattributeis constrainedto haveanintegervaluebetweenzeroand
100,e.g., thenthecorrespondingproperty’saccessmethodscanacceptand
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returnint valuesandits mutationmethodcanthrow a run-timeexception
if its argumentis outof range.

� Complexdynamicenforcementperformsapotentiallycostlyrun-timecheck,
usuallyinvolving morethanonecontentobject,andthrows anappropriate
exceptionuponfailure. Local structuralconstraintsareusuallyenforcedin
this way; thestructureof a complex element’s content,e.g., canin general
only be checked by examiningthe typesof its childrenandensuringthat
they matchtheschema’s contentmodelfor thatelement.Globalstructural
constraintsmustbeenforcedin this way; theuniquenessof ID values,e.g.,
canonly becheckedby examiningtheentirecontenttree.

It is straightforwardto implementbothstaticandsimpledynamiccheckssoasto satisfy
thefail-fastprinciple. Constraintsthatrequirecomplex dynamiccheckscould,in theory,
alsobeimplementedsoastofail assoonaspossible. Theresultingclasseswouldberather
clumsyto use,however, becauseit is oftenconvenientto violatestructuralconstraintson
a temporarybasiswhile constructingor manipulatingacontenttree.

Consider, e.g., anelement-typedeclarationwhosecontentspecificationisverycom-
plex. Supposethataninstanceof thecorrespondingelementclassis to bemodified,and
that the only way to achieve the desiredresult involvesa sequenceof changesduring
which thecontentspecificationwould beviolated. If theelementobjectwereto check
continuouslythat its contentis valid thentheonly way to modify thecontentwould be
to copy it, modify thecopy, andtheninstall thenew copy in placeof theold content.It
wouldbemuchmoreconvenientto beableto modify thecontentin place.

A similaranalysisappliestomostothersortsof structuralconstraints,andespecially
to globalstructuralconstraints.Schema-derivedclasseswill thereforeensurethat type
constraintsalwayshold, will beableto checkstructuralconstraintsupondemand,and
will requirethatall constraintsholdbeforeacontenttreeis marshalled.

2.3 An example

Throughoutthis specificationwewill usethefollowing DTD, which describesa simple
stocktrade,asa runningexampleto illustratevariousconceptsasthey aredefined.

<!ELEMENT trade ( symbol, quantity, limit?, stop?, date ) >
<!ATTLIST trade

account CDATA #REQUIRED
action ( buy | buy-to-cover | sell | sell-short ) #REQUIRED
duration ( immediate | day | good-til-canceled ) "day" >

<!ELEMENT symbol (#PCDATA) >
<!ELEMENT quantity (#PCDATA) >
<!ELEMENT limit (#PCDATA) >
<!ELEMENT stop (#PCDATA) >
<!ELEMENT date (#PCDATA) >
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Thetypeconstraintsin this DTD are:

� Thevalueof theaction attributemustbeeitherbuy, buy-to-cover, sell,
or sell-short, and

� The value of the duration attribute must be eitherimmediate, day, or
good-til-canceled.

Thelocal structuralconstraintsin thisDTD are:

� A trade elementmustcontainasymbol element,followedby aquantity
element,optionallyfollowedby alimit elementor astop elementor both,
followedby adate element,and

� Theaccount andaction attributesarerequired.

ThisDTD doesnotdescribeany globalstructuralconstraints.
Hereis adocumentthatis valid with respectto this DTD:

<trade account="2520034"
action="sell"
duration="good-til-canceled">

<symbol>SUNW</symbol>
<quantity>1000</quantity>
<limit>35</limit>
<date>2001-2-26</date>

</trade>

We will revisit this exampleperiodically throughoutthis specification. Appendix D
presentsa completebinding schemaas well as an implementationof the Trade and
TradeBatch classesthatmightbegeneratedby aschemacompilerthatimplementsthis
specification.
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3 The binding framework

Thebindingframeworkdefinestheinterfacesandabstractclassesthatareimplemented
andextendedby thecontentclassesderived from a sourceschema.It alsodefinesthe
interfacesand classesthat implementthe validation, marshalling,and unmarshalling
processes.The framework is presentedhere in overview; its full specificationis in
appendicesA andB.

Thebindingframeworkresidesin twopackages.Thejavax.xml.marshal package
defineslower-level classesthatsupportthereadingandwriting of XML documentsthat
arenotnecessarilyvalidorevenwell-formed.ThispackagedefinesanXMLScanner class
for scanningdocumentsandanXMLWriter classfor generatingdocuments.Subclasses
of theseclassescanreadorwrite raw bytestreams,consumeorcreateSAX eventstreams,
or traverseor createDOM parsetrees.Thattheseabstractionsdonot guaranteevalidity
or well-formednessis intentional: By relying upontheunmarshallingandmarshalling
codein derivedclassesto enforcethesepropertiesit is possibleto readandwrite XML
documentsmuchmorequickly thanwith moreconventionalapproaches.

Thejavax.xml.bind packagedefineshigher-level classesandinterfacesthatare
useddirectly by schema-derived contentclasses. The classesValidatableObject,
MarshallableObject,andMarshallableRootElementdefinethecoreunmarshalling,
validation, and marshallinglogic that is sharedby all derived classes. An element
classimplementsthe Element interface,while a root elementclassimplementsthe
RootElement interface.

The javax.xml.bind packagealsodefinesunmarshallers, validators, andmar-
shallers, whichareauxiliaryobjectsthatgoverntheunmarshalling,validation,andmar-
shallingprocesses,respectively. It definesdispatchers, which mapelementnamesto
elementclasses,aswell asclassesfor implementingcollectionpropertiesandfor repre-
sentingparsedcharacterdata.Finally, it definesarich hierarchyof exceptionclassesfor
usewhenscanningerrorsoccur, whenconstraintsareviolated,andwhenothertypesof
errorsaredetected.

3.1 Validatable objects
Every schema-derivedcontentclasssupportsvalidationby indirectly extendingtheab-
stractclassValidatableObject. Thisclassdefinesthepublic instancemethodsaswell
astheinternalstaterequiredfor content-treevalidation:

public abstract class ValidatableObject {
public void validateThis()

throws LocalValidationException;
public void validate(Validator v)

throws StructureValidationException;
public final void validate()

throws StructureValidationException;
public final void invalidate();

}
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ThevalidateThis methodof a validatableobjectmaybeinvokedat any time in order
to checkthat the objectdoesnot violate any local structuralconstraints,throwing an
instanceof aLocalValidationException subclassuponfailure.

A contenttreemaybevalidatedby invoking thevalidate methodof its root ele-
mentobject.Thismethodcreatesanew validatorby instantiatingtheValidator class.
The validator governsthe processof validating the contenttree, serves as a registry
for identifier references,andensuresthatall local andglobal structuralconstraintsare
checkedbeforethevalidationprocessis complete.

Thevalidatorinvokeseachobject’svalidateThis method,if necessary, to ensure
thatall local structuralconstraintsaresatisfied;an invocationof oneof thesemethods
maythrow aLocalValidationException.

Thevalidatoralsoinvokeseachobject’s validate(Validator) method,passing
itself. This methodrecursively validatesthe object’s childrenandupdatesthe valida-
tor with any local data,suchas identifier definitionsor references,that aresubjectto
global constraints. If a violation of a global structuralconstraintis detectedthen an
instanceof a GlobalValidationException subclassis thrown. The abstractsuper-
classStructureValidationException unifiestheLocalValidationException and
GlobalValidationException classessoasto simplify codethathandlestheseexcep-
tions.

A validatableobject’sinvalidatemethodis invokedinordertonotethatit hasbeen
changedin a way thatmayviolatea structuralconstraint,andthat it thereforerequires
re-validation.While thismethodis public, it is intendedfor useonly by schema-derived
code.Thevalidate andinvalidate methodsarefinal in orderto protecttheintegrity
of thevalidationlogic.

Design note The approachtaken heredoesnot attemptto track whole-tree
validity. Validation always checksall global constraints,and checksthe local
constraintsof all contentobjectsthathave beenmarked invalid. If oneobjectis
invalid thenglobalconstraintsmayrequirechecking,while if all objectsarevalid
thenit isknownthatall globalconstraintshold. A contentobjectmustthereforebe
invalidatedif it is modifiedin away thatmayaffecteitherlocalor globalvalidity.
This allows themarshallinglogic to detectwhenvalidationis required,in which
caseit throwsaValidationRequiredException.

The reasonfor not tracking whole-treevalidity is that it would make it
impossibleto supportnaturalandefficient manipulationsof contenttrees.Every
contentobjectwould have to containa referenceto its parent,or to the root of
its tree. Splicing onepart of a tree into anotherwould hencerequireupdating
referencesin both trees,andan objectcouldnot bea memberof morethanone
tree.Thedesigndescribedhereavoidstheselimitations,allowing contentobjects
to beusedfreely.

3.2 Elements,root elements,and identifiable elements
A contentclassderiveddirectly from anelement-typedeclarationin thesourceschema
implementsthe Element interface. This interfacespecifiesno methodsbeyond those
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alreadydefinedin the ValidatableObject class;it is simply a marker interfacethat
allowselementclassesto bedistinguishedfrom otherschema-derivedcontentclasses.

An elementclassfor arootelementtypeimplementstheRootElement class,which
itself extendstheElement interface. This interfaceis alsoa marker interface,usedto
distinguishroot andnon-rootelementclasses.

If an elementclasscontainsa propertyderived from an identifier (ID) attribute
thenit alsoimplementstheIdentifiableElement interface.This interfacespecifiesa
singlemethodthat returnsthevalueof the identifierproperty. It is usedby theunmar-
shalling,marshalling,andvalidationprocessesto recordandretrievetheidentifiervalues
of elementobjects.

3.3 Marshallable objects
A schema-derivedcontentclassextends,eitherdirectly or indirectly, theabstractclass
MarshallableObject, which itself extendsValidatableObject. This classdefines
thepublic instancemethodsthatsupportbothmarshallingandunmarshalling:

public abstract class MarshallableObject
extends ValidatableObject

{
protected MarshallableObject();
public void marshal(Marshaller m)

throws IOException;
public void unmarshal(Unmarshaller u)

throws UnmarshalException;
}

Thebindingschemamay instructtheschemacompilerto generatecontentclassesthat
canonly bemarshalledor canonly beunmarshalled.If themethodcorrespondingto an
unsupportedoperationis invokedthenanUnsupportedOperationException is thrown.

A marshallableroot-elementclassextendstheMarshallableRootElement abstract
class,which itself extendsMarshallableObject:

public abstract class MarshallableRootElement
extends MarshallableObject
implements RootElement

{
protected MarshallableRootElement();
public final void marshal(XMLWriter xw)

throws IOException;
public final void marshal(OutputStream out)

throws IOException;
}

This classdefinesthe primary marshallingmethod,which takes the XMLWriter with
which it will generatetheoutputdocument.It alsodefinesa conveniencemethodthat
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acceptsabyte-outputstreamratherthananXML writer. Themarshal methodsdefined
this classarefinal in orderto protecttheintegrity of themarshallinglogic.

3.4 Marshalling
A contenttreemaybemarshalledby invoking oneof themarshal methodsof its root
elementobject. This createsa new marshaller by instantiatingtheMarshaller class.
Themarshallerthenproceedstomarshalthecontenttreebyinvokingthemarshalmethod
of eachcontentobject.

Themarshallingprocessdoesnot validatethecontenttreebeingmarshalled,but it
doesrequirethetreeto bevalid. If aninvalid objectis detectedduringmarshallingthen
aValidationRequiredException is thrown andthemarshallingoperationis aborted.

3.5 Unmarshalling
TheMarshallableRootElement classdefinesmethodsfor marshallingbut not for un-
marshalling.Theunmarshallingmethodsassociatedwith a specificroot elementclass
mustbe able to createnew instancesof the class,hencethey mustbe staticmethods.
TheJava programminglanguagedoesnot supportabstractstaticmethods,however, so
theMarshallableRootElement classspecifies,but doesnot define,the staticunmar-
shallingmethodswhich the schemacompilergeneratesinto eachunmarshallableroot
elementclass. Theprimary unmarshallingmethodof a root elementclassFoo hasthe
signature

public static Foo unmarshal(XMLScanner xs, Dispatcher d)
throws UnmarshalException;

This methodtakes the XMLScanner with which it will scanthe input document. It
also takes the dispatcher with which it will map elementnamesto elementclasses.
(Dispatchersaredescribedin moredetail below.) Theschemacompileralsogenerates
two staticconveniencemethods:

public static Foo unmarshal(XMLScanner xs)
throws UnmarshalException;

public static Foo unmarshal(InputStream in)
throws UnmarshalException;

Both of thesemethodsusea default dispatcher;the secondmethodis a convenience
methodthatcreatesanew XMLScanner from thegivenbyte-inputstream.

An XML documentwhoseroot elementtype is known maybeunmarshalledinto
a contenttree by invoking one of the static unmarshal methodsof the correspond-
ing root elementclass. This methodcreatesa new unmarshaller by instantiatingthe
Unmarshaller class. The unmarshallergovernsthe processof unmarshallingthe in-
put documentinto a newly-createdcontenttree. To unmarshalan elementit invokes
the given dispatcherto mapthe element’s nameto a marshallableelementclass. The
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dispatcher, in turn, instantiatestheclassandinvokesthenewly-createdelementobject’s
unmarshal(Unmarshaller) methodin orderto unmarshalthe correspondingportion
of the input document.This methodwill invoke the dispatcherrecursively in orderto
unmarshalany subelementsof theelementbeingunmarshalled.

The unmarshallervalidatesthenew contenttreewhile constructingit. Whenini-
tializing a propertyit checkstheproperty’s staticanddynamictypeconstraints,throw-
ing a TypeValidationException uponfailure. It invokeseachunmarshalledobject’s
validateThis methodto checkthatall local structuralconstraintsaresatisfied,throw-
ing aLocalValidationException uponfailure. Finally, it checksthatall globalstruc-
tural constraintsaresatisfiedbeforetheunmarshallingoperationcompletes,throwing a
GlobalValidationException uponfailure.

The abstractsuperclassUnmarshalException is definedasa superclassof these
threeexceptionclasses,aswell asof ScanException, soastosimplify codethathandles
theseexceptions.Instancesof ScanException subclassesarethrown by ascannerif the
inputdocumentis not lexically well formedor if anI/O erroroccurs.Throwing any one
of theseexceptionsabortstheunmarshallingprocessandclosesthescanner.

3.6 Dispatching
An XML documentwhoseroot elementtypeis not known maybeunmarshalledby in-
vokingoneof theunmarshalmethodsof anappropriatedispatcher. Dispatchersarealso
usedin a recursive fashionduringtheunmarshallingprocessto unmarshalsubelements
whichmayhavearbitraryelementnames.

A dispatchermapselementnamesto classnamesusing two maps: An element-
namemapmapselementnamesto marshallable-objectclasses,anda classmapmaps
schema-derivedmarshallable-objectclassesto arbitrarymarshallable-objectsubclasses.
Theclassmapactsastheidentity mapon classesfor which it containsnomapping.

This two-level mappingschemesupportsthe usersubclassingof schema-derived
marshallable-objectsubclasses.Whenaskedto unmarshalanelement,adispatcherfirst
appliestheelement-namemapto theelementnameandthenappliestheclassmapto the
result. Whenasked to unmarshalan instanceof a specificmarshallable-objectclassit
first appliestheclassmapto theclassandthenunmarshalstheresult.

Dispatchersmaybeconstructedandinitializedfromscratch,but it will bemorecom-
monfor applicationsto useadefaultdispatcherobtainedfromthestaticnewDispatcher
methodgeneratedinto everymarshallablerootelementclassby theschemacompiler:

public static Dispatcher newDispatcher();

This methodcreatesa new dispatcherandinitializes it to mapeachelement-typename
definedin the sourceschemafrom which the root elementclasswas derived to the
correspondingmarshallablerootelementclass.After beinginitializedtheelement-name
mapis frozensothatit cannotbemodifiedfurther. User-definedsubclassesof schema-
derivedmarshallable-objectclassesmaythenberegisteredif desired.



20 Dispatching 3.6

Dispatchersare intendedeventually to supportXML namespaces,but this func-
tionality will not be completeuntil a future revision of this specificationsupportsa
namespace-capableschemalanguage.

3.7 Summary
Theinterfaceandabstractclassesthatareimplementedandextendedby schema-derived
contentclassescanbe summarizedpictorially asfollows, with classeson the left and
interfaceson theright:

ValidatableObject Element
| ||
+-- MarshallableObject RootElement ==++

| ||
+-- MarshallableRootElement ==++

Fromthestandpointof a developerusingthedata-bindingfacility, theessentialunmar-
shalling,validation,andmarshallingmethodsof a marshallableroot-elementclassFoo
are:

public class Foo
extends MarshallableRootElement

{
public void validateThis()

throws LocalValidationException;
public final void validate()

throws StructureValidationException;
public final void marshal(XMLWriter xw)

throws IOException;
public final void marshal(OutputStream out)

throws IOException;
public static Foo unmarshal(XMLScanner xs, Dispatcher d)

throws UnmarshalException;
public static Foo unmarshal(XMLScanner xs)

throws UnmarshalException;
public static Foo unmarshal(InputStream in)

throws UnmarshalException;
}

The validate methodvalidatesthe entirecontenttreerootedat a particularinstance
of Foo. Themarshal(XMLWriter) methodsmaybeusedto marshalthe tree,andthe
unmarshal methodsmaybeusedto unmarshalanew treefrom agivenXML scanneror
inputstream.
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3.8 Exceptions
Methodsdefinedin both binding-framework andschema-derived classescan throw a
varietyof exceptions,all of whicharedefinedin thebindingframework.

Thethreeprimaryconstraint-exceptionclassesreflectthecategoriesof schemacon-
straintsdiscussedin � 2.2:

� An instanceof aTypeConstraintException subclassisthrownwhenavio-
lationof adynamically-checkedtypeconstraintisdetected.Suchexceptions
will bethrown by property-setmethods,for which it wouldbeinconvenient
to have to handlecheckedexceptions;type-constraintexceptionsarethere-
foreunchecked,i.e., this classextendsjava.lang.RuntimeException.

� An instanceof a LocalValidationException subclassis thrown whena
violation of a structuralconstraintis detected.Suchexceptionsarethrown
by thevalidateThis methodsdefinedin schema-derivedclasses.

� An instanceof a GlobalValidationException subclassis thrown when
a violation of a global structuralconstraintis detected. Suchexceptions
arethrown by the validate(Validator v) methodsdefinedin schema-
derivedclassesandby variousothermethodsin thebindingframework.

TheLocalValidationException andGlobalValidationException exceptionclass-
esareunifiedby their superclassStructureValidationException.

The unmarshallingandvalidationprocessesareslightly different: Unmarshalling
maydetecttheviolation of a typeconstraint,but validationneedonly checkstructural
constraintssinceschema-derived classesguaranteethat type constraintsalways hold.
If a type-constraintexceptionis thrown during unmarshallingthen it is wrappedinto
a checked TypeValidationException. The StructureValidationException and
TypeValidationException classesareunifiedby ValidationException.

Anotherdifferencebetweenunmarshallingandvalidationis thatunmarshallingin-
volvesscanninganinputdocument,duringwhichalexicalwell-formednesserrormaybe
detectedor anI/O errormayoccur. Sucherrorscauseaninstanceof aScanException
subclassto be thrown; in particular, if a scanneris scanningXML text from a byte-
input streamthenajava.io.IOException thrown by theinput streamis wrappedin a
ScanIOException.

A final essentialdifferencebetweenunmarshallingandvalidation is that unmar-
shallingmayapplyconversionsspecifiedin thebindingschema.If aconversion’sparse
methodthrows anexceptionthenit is wrappedin a new ConversionException. The
ValidationException,ScanException, andConversionException exceptionclass-
esareunifiedby their superclassUnmarshalException.
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4 Namesand identifiers

XML schemalanguagesuseXML names, i.e., stringsthat matchproduction5 of the
XML 1.0 specification,to labelschemacomponents.This setof stringsis muchlarger
thanthesetof valid Javaclass,method,andconstantidentifiers.Thischapterdefinesan
algorithmfor mappingXML namesto Java identifiersin a way thatadheresto standard
Java API designguidelines,generatesidentifiersthat retainobviousconnectionsto the
sourceschema,andis unlikely to resultin many collisions.

4.1 The algorithm
Java identifierstypically follow threesimple,well-known conventions:

� Classandinterfacenamesalwaysbegin with anupper-caseletter. There-
mainingcharactersareeitherdigits,lower-caseletters,or upper-caseletters.
Upper-caseletterswithin a multi-word nameserve to identify the startof
eachnon-initialword,or sometimesto standfor acronyms.

� Method namesalways begin with a lower-caseletter, and otherwiseare
exactly likeclassandinterfacenames.

� Constantnamesareentirelyin uppercase,with eachpairof wordsseparated
by theunderscorecharacter(’_’, \u005F, LOW LINE).

XML names,however, aremuchricherthanJava identifiers:They mayincludenotonly
thestandardJavaidentifiercharactersbut alsovariouspunctuationandspecialcharacters
thatarenot permittedin Java identifiers. Like mostJava identifiers,mostXML names
arein practicecomposedof morethanonenatural-languageword. Non-initial words
within anXML nametypically startwith anupper-caseletter followedby a lower-case
letter, asin Java, or areprefixed by punctuationcharacters,which is not usualin Java
and,for mostpunctuationcharacters,is in factillegal.

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

� A punctuationcharacteris oneof thefollowing:

� A hyphen(’-’, \u002D, HYPHEN-MINUS),
� A period(’.’, \u002E, FULL STOP),
� A colon(’:’, \u003A, COLON),
� An underscore(’_’, \u005F, LOW LINE),
� A dot (’•’, \u00B7, MIDDLE DOT),
� \u0387, GREEKANO TELEIA,
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� \u06DD, ARABIC END OF AYAH, or
� \u06DE, ARABIC START OFRUB EL HIZB.

Theseareall legal charactersin XML names.

� A letter is a characterfor which theCharacter.isLetter methodreturns
true, i.e., a letteraccordingto theUnicodestandard.Every letteris a legal
Java identifiercharacter, bothinitial andnon-initial.

� A digit is a characterfor which the Character.isDigit methodreturns
true, i.e., a digit accordingto theUnicodeStandard.Every digit is a legal
non-initial Java identifiercharacter.

� A mark is a characterthat is in noneof the previous categoriesbut for
whichtheCharacter.isJavaIdentifierPartmethodreturnstrue. This
categoryincludesnumericletters,combiningmarks,non-spacingmarks,and
ignorablecontrolcharacters.

Every XML namecharacterfalls into oneof the above categories. We further divide
lettersinto threesubcategories:

� An upper-caseletter is a letter for which the Character.isUpperCase
methodreturnstrue,

� A lower-caseletteris a letterfor which theCharacter.isLowerCase
methodreturnstrue, and

� All otherlettersareuncased.

An XML nameis split into aword list by removing any leadingandtrailing punctuation
charactersandthensearchingfor word breaks. A wordbreakis definedby threeregular
expressions:A prefix,aseparator, andasuffix. Theprefixmatchespartof theword that
precedesthebreak,theseparatoris not partof any word,andthesuffix matchespartof
theword thatfollows thebreak.Theword breaksaredefinedas:

Prefix Separator Suffix Example

[ˆpunct] punct+ [ˆpunct] foo � -- � bar
digit [ˆdigit] foo22 � bar

[ˆdigit] digit foo � 22
lower [ˆlower] foo � Bar
upper upper lower FOO � Bar
letter [ˆletter] Foo � \u2160

[ˆletter] letter \u2160 � Foo
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(Thecharacter\u2160 is ROMAN NUMERAL ONE, anumericletter.)
After splitting, if a word beginswith a lower-casecharacterthenits first character

is convertedto uppercase.Thefinal resultis aword list in which eachword is either

� A stringof upper- andlower-caseletters,thefirst characterof whichis upper
case,

� A stringof digits,or

� A stringof uncasedlettersandmarks.

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

� A classor interfaceidentifier is constructedby concatenatingthewordsin
thelist,

� A methodidentifier is constructedby concatenatingthe words in the list.
A prefix verb (get, set, etc.) is prependedto the resultor, if no prefix is
required,thefirst characteris convertedto lowercase.

� A constantidentifier is constructedby converting eachword in the list to
uppercase;thewordsarethenconcatenated,separatedby underscores.

This algorithmwill not changean XML namethat is alreadya legal andconventional
Javaclass,method,or constantidentifier, exceptperhapsto addaninitial verbin thecase
of apropertyaccessmethod.

Examples

XML name Classname Methodname Constantname

mixedCaseName MixedCaseName mixedCaseName MIXED_CASE_NAME

Answer42 Answer42 answer42 ANSWER_42

name-with-dashes NameWithDashes nameWithDashes NAME_WITH_DASHES

other_punct•chars OtherPunctChars otherPunctChars OTHER_PUNCT_CHARS

4.2 Collisionsand conflicts

It is possiblethatthename-mappingalgorithmwill maptwo distinctXML namesto the
sameword list. This will resultin a collision if, andonly if, thesameJava identifier is
constructedfrom theword list andis usedto nametwo distinctgeneratedclassesor two
distinctmethodsor constantsin thesamegeneratedclass.Collisionsarenot permitted
by theschemacompilerandarereportedaserrors;they mayberepairedby revising the
sourceschemaor thebindingschema.
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Methodnamesareforbiddentoconflictwith Javakeywordsor literals,with methods
declaredin java.lang.Object, or with methodsdeclaredin the binding-framework
classesValidatableObject, MarshallableObject, MarshallableRootElement, or
in the interfaceIdentifiableElement. Suchconflictsarereportedaserrorsandmay
berepairedby revising theappropriateschema.

Design note Thelikelihoodof collisions,andthedifficulty of working around
themwhenthey occur, dependsuponthe sourceschema,the schemalanguage
in which it is written, andthe binding schema.In general,however, we expect
thatthecombinationof theidentifier-constructionrulesgivenabove,togetherwith
goodschema-designpractices,will makecollisionsrelatively uncommon.

Thecapitalizationconventionsembodiedin theidentifier-constructionrules
will tendto reducecollisionsaslong asnameswith sharedmappingsareusedin
schemaconstructsthatmapto distinctsortsof Javaconstructs.In aDTD, e.g., an
attributenamedfoo isunlikely tocollidewith anelementtypenamedfoo because
thefirst mapsto a setof propertyaccessmethods(getFoo, setFoo, etc.) while
thesecondmapsto a classname(Foo).

Goodschema-designpracticesalsomakecollisionslesslikely. Whenwriting
a schemait is inadvisableto use,in identicalroles,namesthataredistinguished
only by punctuationor case.Supposeaschemadeclarestwo attributesof asingle
elementtype,onenamedFoo andthe othernamedfoo. Their generatedaccess
methods,namelygetFoo andsetFoo, will collide. This situationwould best
be handledby revising the sourceschema,which would not only eliminatethe
collisionbut alsoimprovethereadabilityof thesourceschemaanddocumentsthat
useit.
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The schemacompilerbindsschemacomponentsto propertieswithin derived content
classes.A propertyis definedby:

� A name, which is anXML name;

� A basetype, which may be a primitive type (e.g., int), an Element or
MarshallableObject type,or someotherreferencetype;

� A predicate, which is a codefragmentthat testsvaluesof the basetype
for validity andthrows a TypeConstraintException if a typeconstraint
expressedin thesourceschemais violated;

� An optionalcollectiontype, which is usedfor propertieswhosevaluesmay
becomposedof morethanonevalue;and

� An optionaldefaultvalue.

A propertyis realizedbyasetof accessmethods. Theprecisesetof methodsisdetermined
by theproperty’sbasetypeandits collectiontype,if any.

A property’saccessmethodsare,by default,namedin thestandardJavaBeansstyle:
The name-mappingalgorithm is appliedto the propertynameand then eachmethod
nameis constructedby prependingtheappropriateprefix verb(get, set, has, delete,
etc.). Theretrieval (get) andmutation(set) methodsmayinsteadbenamedin theC++
style,withouttheget andset prefixes,bydeclaringtheappropriateoptionin thebinding
schema.

A propertyis saidto have a givenvalue if thatvaluewasexplicitly assignedto it
duringunmarshalling,duringconstruction,or by invoking a mutationmethod;if there
is no suchvaluethenthe given valueis said to be undefined. The current valueof a
propertyis its givenvalue,if defined;otherwise,it is theproperty’sdefaultvalue,if any;
otherwise,it is undefined.

5.1 Primiti veproperties
A non-collectionpropertynamedpropwith a primitivebasetype typeis realizedby the
four methods

public type getId(); or public type id();
public void setId(type x); or public type id(type x);
public boolean hasId();
public void deleteId();

whereId and id aremetavariablesthat representtheJava methodidentifierscomputed
by applying the namemappingalgorithmto prop, the former with the first character
in uppercaseand the latter with the first characterin lower case. The retrieval- and
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mutation-methoddeclarationsontheright areusedinsteadof thoseon theleft whenthe
C++ styleis selected.

Eachmethodexaminesor manipulatestheproperty’sgivenanddefaultvaluesin the
contentobjectuponwhich it is invoked:

� The get methodreturnsthe property’s currentvalue. If the propertyhas
no current value, i.e., it hasneithera given nor a default value, then a
NoValueException is thrown.

� Theset methoddefinestheproperty’sgivenvalueto betheargumentvalue.
Thevalueis first validatedby applyingtheproperty’spredicate,whichmay
throw aTypeConstraintException.

� Thehas methodreturnsabooleanvalueindicatingwhetheror not theprop-
erty hasacurrentvalue.Thismethodmaybeinvokedprior to invoking the
get methodin orderto preventaNoValueException from beingthrown.

� Thedelete methoddiscardstheproperty’sgivenvalue,if any.

Therealizationsof primitivepropertiescontainhas anddelete methodsbecausewith
primitivetypesthereis noconvenientvaluewith whichto denotetheabsenceof avalue.

Example In ourstock-tradeexample,theaccount attributeof thetrade elementtype
is declared:

<!ATTLIST trade
account CDATA #REQUIRED >

With an appropriatebinding schema,this attribute could be boundto a primitive int
propertyrealizedby thesefour methods:

public int getAccount();
public void setAccount(int x);
public boolean hasAccount();
public void deleteAccount();

It is legal to invokethedeleteAccount methodeventhoughtheattributeis #REQUIRED
in theDTD. Thattheattributeactuallyhaveavalueis a local structuralconstraintrather
thana typeconstraint,soit is checkedduringvalidationratherthanduringmutation.

5.2 Referenceproperties
A non-collectionpropertyprop with a referencebasetype Type is realizedby the two
methods

public Type getId(); or public Type id();
public void setId(Type x); or public void id(Type x);
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whereId andid aredefinedasabove andthedeclarationson theright areusedinstead
of thoseon theleft whentheC++ styleis selected.

� Theget methodreturnstheproperty’scurrentvalue.If thepropertyhasno
currentvaluethenthevaluenull is returned.

� Thesetmethoddefinestheproperty’sgivenvalueto betheargumentvalue.
If thevalueis not null thenit is first validatedby applyingtheproperty’s
predicate,which maythrow a TypeConstraintException. If thevalueis
null thentheproperty’sgivenvalue,if any, is discarded.

Referencepropertiesdonothavehas ordelete methodsbecausethevaluenull is used
to denotethe absenceof a value. To testwhethera referencepropertyhasa current
value,invokeits get methodandcheckthattheresultis notnull. To discardareference
property’sgivenvalue,invoke its set methodwith anargumentvalueof null.

Example In our stock-tradeexample,theaction attributeof thetrade elementtype
is declared:

<!ATTLIST trade
action ( buy | buy-to-cover | sell | sell-short )

#REQUIRED >

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

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

ThesetAction methodwould applya predicateto its argumentto ensurethat thenew
value is legal, i.e., that it is one of the strings"buy", "buy-to-cover", "sell", or
"sell-short".

It is legaltopassnull to thesetActionmethodeventhoughtheaction attributeis
#REQUIRED in theDTD. Aswith theaccount attribute,thattheaction attributeactually
havea valueis a local structuralconstraintratherthana typeconstraint,soit is checked
duringvalidationratherthanduringmutation.

5.3 Collection properties
A collectionpropertymaytaketheform of anarraypropertyor a list property. Thebase
typeof anarraypropertymaybeeitheraprimitivetypeor areferencetype,while thatof
a list propertymustbea referencetype.

A collectionpropertymayhaveacurrentvaluethatis empty, i.e., of lengthzero.A
valueof lengthzerois distinctfrom novalue.

Design note Non-sequentialcollection typessuchas setsare not supported
becauseXML documentsareinherentlylinear.
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5.3.1 Array properties

An arraypropertypropwith basetypeTypeis realizedby thetwo methods

public Type[] getId(); or public Type[] id();
public void setId(Type[] x); or public void id(Type[] x);

regardlessof whetherTypeis a primitive typeor a referencetype. Id andid aredefined
asabove,andthedeclarationson theright areusedinsteadof thoseon theleft whenthe
C++ styleis selected.

� Theget methodreturnsanarraycontainingtheproperty’scurrentvalue.If
thepropertyhasno currentvaluethennull is returned.

� Theset methoddefinestheproperty’s givenvalue. If theargumentis not
null thenthesequenceof valuesin thearrayarefirst validatedby applying
theproperty’s predicate,which maythrow a TypeConstraintException.
A NullValueException is thrown if theproperty’sbasetypeis areference
typeandoneor moreelementsof thearrayarenull. If theargumentitself
is null thentheproperty’sgivenvalue,if any, is discarded.

Thearraysreturnedandtakenby thesemethodsarenotpartof thecontentobject’sstate.
Whenanarrayproperty’sgetmethodis invokedit createsanew arraytoholdthereturned
values. Similarly, whenthe correspondingset methodis invoked it copiesthe values
from theargumentarrayandthendiscardsthearray.

Therealizationsof arrayproperties,likethoseof referenceproperties,donotcontain
has or delete methods.To testwhetheranarraypropertyhasacurrentvalue,invokeits
get methodandcheckthat theresultis not null. To discardanarrayproperty’s given
value,invoke its set methodwith anargumentof null.

Example Supposethatweextendthestock-tradeDTD with thetrade-batch element
type:

<!ELEMENT trade-batch ( trade+ ) >

Thecontentspecificationof thiselementtypecouldbeboundtoanarraypropertyrealized
by thesetwo methods:

public Trade[] getTrades();
public void setTrades(Trade[] x);

ThesetTrades methodwouldensurethatits argumenthasnonull elements.It would
not,however, requirethatits argumenthaveanon-zerolengthor notbenull, sincethat
is a local structuralconstraintratherthana typeconstraint.

5.3.2 List properties

A list propertypropwith basetypeTypeis realizedby thethreemethods
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public List getId(); or public List id();
public void deleteId();
public void emptyId();

whereList is the interfacejava.util.List, Id and id aredefinedasabove, andthe
declarationontheright is usedinsteadof thaton theleft whentheC++styleis selected.

� The get methodreturnsan object that implementsthe List interface,is
mutable,andcontainsthevaluesof typeTypethatconstitutetheproperty’s
currentvalue. If the propertyhasa default valuebut no given valuethen
thecollectioncontainsthedefault valueandis thereforeimmutable.If the
propertyhasno currentvaluethennull is returned.

� Thedelete methoddiscardstheproperty’sgivenvalue,if any.

� The empty methoddiscardsthe property’s given value, if any, and then
definesits givenvalueto beanewly-allocated,empty, mutablelist.

Thelist returnedby theget methodis acomponentof thecontentobject’sstate.Modi-
ficationsmadeto this list will, in effect,bemodificationsto thecontentobject.Thelist’s
mutationmethodsdonotadmitnull values;anattemptto addanull elementto thelist
or to replaceanexisting element’s valuewith null will causea NullValueException
tobethrown. Thelist’smutationmethodsapplytheproperty’spredicatetoany non-null
valuebeforeaddingthat valueto the list or replacinganexisting element’s valuewith
thatvalue;thepredicatemaythrow aTypeConstraintException.

Theget methodalwaysreturnsthesamecollectionobjectbetweeninvocationsof
the delete andempty methods. Any attemptto usea collectionpreviously returned
by theget methodafteroneof the latter two methodshasbeeninvokedwill causean
IllegalStateException to bethrown.

Design notes A futureversionof theJava programminglanguagemaysupport
generictypes,in whichcasethisspecificationmayberevisedsothatlist-retrieval
methodshavethetypeList<Type>.

It mayseemoddthatlist propertieshavebothdelete andempty methods.
A list canbeempty, sowhy not indicatethat thereis no currentvaluesimply by
returningan emptylist? This approachis unworkablebecauseemptinessis not
equivalentto absence.An attributewhosevalueis representedby a list property,
e.g., will bemarshalledevenif thelist is empty, but it will notbemarshalledif the
list is absent.

Example Thecontentspecificationof thetrade-batch elementtypecouldalternatively
beboundto a list propertyrealizedby thesethreemethods:

public List getTrades();
public void deleteTrades();
public void emptyTrades();
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Thelist returnedbythegetTradesmethodwouldbeguaranteedonly tocontaininstances
of the Trade class. As before,its lengthor emptinesswould only be checked during
validation,sincetherequirementthattherebeat leastonetrade in atrade-batch is a
structuralconstraintratherthana typeconstraint.

5.4 Default values

If apropertyprophasadefault valuethenits realizationcontainstheadditionalmethod

public boolean defaultedId();

whereId is definedasabove.
Thedefaulted methodreturnstrue if, andonly if, thepropertyhasadefaultvalue

but not agivenvalue.Thismethodreturnsfalse evenif thepropertyhasa givenvalue
thathappensto beequalto its default value.

Example Theduration attributeof thetrade elementtypeis declared:

<!ATTLIST trade
duration ( immediate | day | good-til-canceled )

"day" >

Thisattributedeclaration,likethatfor theaction attribute,couldbeboundtoareference
propertywith thebasetypejava.lang.String. Therealizationof thispropertywould
containanadditionaldefaultedDuration method:

public String getDuration();
public void setDuration(String x);
public boolean defaultedDuration();

If thepropertydoesnothaveagivenvaluethenaninvocationof thedefaultedDuration
methodwould returntrue andaninvocationof thegetDuration methodwould return
"day", theproperty’sdefault value.ThesetDuration methodwouldapplyapredicate
to its argumentto ensurethatthenew valueis legalaccordingto theattributedeclaration.

Design note Eachsortof propertyis realizedbyaslightly differentsetof access
methods.Foruniformitywecoulddefineeveryproperty toberealizedbyget,set,
has, anddeletemethods,but thiswouldyieldelementclassesthatarelessnatural
andmorecomplex. Theget methodsof simplereferenceproperties,e.g., would
throw a NoValueException ratherthanreturnnull, andthecorrespondingset
methodswouldsimilarly throw anexceptionwheninvokedwith anull argument.
The semanticsof collectionpropertieswould becomemorecomplex becausea
set methodwould have to be supportedandit would no longerbe practicalto
provide fail-fastcheckingof propertypredicates.For theseandotherreasonswe
havechosento take theabovenon-uniformapproach.
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Theschemacompilerinterpretsasourceschematogetherwith abindingschemain order
togenerateasetof Javaclassesandinterfaces.Thesourceschemaiswrittenin thesource
schemalanguage.Thebindingschemais writtenin thebindinglanguage, thesyntaxand
semanticsof whicharedefinedin this chapter.

Thebindinglanguageis, in essence,aspecializeddeclarativeprogramminglanguage
with thefollowing kindsof constructs:

� Elementdeclarations, of which therearetwo kinds: An element-classdec-
larationbindsanelement-typedeclarationin thesourceschemato aspecific
generatedJava class,while an element-valuedeclarationspecifiesthat in-
stancesof anelementtypeareto betreatedasvalues.

� Content-property declarations, of which thereare two kinds: A general
contentproperty declarationdefinesa single property that representsall
of anelement’s content,while a model-basedcontentpropertydeclaration
bindssomeorall of thecomponentsof theassociatedelementtype’scontent
modelto specificproperties.

� An attribute-propertydeclarationbindsanattributedeclarationtoaproperty
thatrepresentstheattribute’svalue.

� A conversiondeclarationdefinesanamedconversionthatmaybespecifiedin
anelement-valueor attributedeclarationin orderto convertelementcontent
or attributevaluesto valuesof typesotherthanjava.lang.String.

� An enumerationdeclarationdefinesanenumerationclass, whichrepresents
a setof namedvaluesanda bijective mappingbetweenstringsandthese
values;it alsodefinesanimplicit conversionfor thatclass.

� A constructordeclaration definesa constructorin an elementclassthat,
wheninvoked,initializesoneor morepropertieswith its arguments.

� An interfacedeclarationdefinesaJavainterfacethatis implementedby one
ormoreof theclassesor interfacesdefinedelsewherein thebindingschema;
theinterfacemayalsospecifyoneor moreof thepropertiesdefinedby these
classesandinterfaces.

� An optionsdeclarationcontainsvarioussimpledeclarationsthatgovernthe
interpretationof boththesourceschemaandthebindingschema.

The syntaxof the binding languageis independentof any particularsourceschema
language.Its semantics,however, areof necessitypartlydependentuponthatlanguage.
In this chapterwe separatethe independentand dependentpartsinsofar as possible,



34

thoughfor explanatorypurposeswe often usethe terminologyof DTDs whentalking
aboutconceptsthatarecommonto nearlyall XML schemalanguages.

A bindingschemais interpretedrelativeto bothasourceschemaandasetof default
binding declarations inducedby that schema. A binding schemathereforeneednot
containa declarationfor every elementtype, attribute, or content-modelcomponent
declaredin the sourceschema. Default declarationsboth reducethe verbosityof a
bindingschemaandmake it morerobustto theevolutionof thesourceschema.

6.1 Notation
The source-andbinding-schemafragmentsshown in this chapteraremeantto be il-
lustrative ratherthannormative. Thenormative syntaxfor thebindinglanguageis that
describedby theDTD in appendixC.

For thesakeof brevity weomit endtagsin all exampleXML text, usingindentation
insteadto indicateelementnesting.Empty-elementtagsare,however, still usedin order
to highlight thefactthataparticularelementis empty. Thusthefragment

<parent>
<child name="alpha">
<grandchild name="alpha2"/>

</child>
<child name="beta"/>

</parent>

is abbreviatedto

<parent>
<child name="alpha">
<grandchild name="alpha2"/>

<child name="beta"/>

Metavariablesare in italics andothermetanotationis in gray. Optionalattributesare
enclosedin [square="brackets"], andthe legal valuesfor enumerationattributesare
written as � a � b � c � . Text is alsograyedwhenit is part of the context of the construct
beingdescribedratherthanpartof theconstructitself.

6.2 Limitations
Theonlysource-schemalanguagesupportedbythisspecificationistheDTD sublanguage
of XML 1.0. A futurerevision is expectedto includesupportfor a simplesubsetof the
W3CXML Schemalanguage.

Thefollowing featuresof DTDsarenotsupported:

� Internalsubsets,� NOTATIONs,and� theENTITY, ENTITIES, andenumeratedNOTATION attributetypes.
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Theseconstructsarerarely usedin data-orientedapplicationsof DTDs; they arealso
difficult, if not impossible,to supportin thecontext of databinding.

6.3 Root elementand documenttype

Therootelementof a bindingschemastartswith thetag

<xml-java-binding-schema [version="1.0-ea"]>

and may have, as its content,any numberof interface,conversion,enumeration,or
elementdeclarations;it mayalsohave at mostoneoptionsdeclaration.Theimmediate
childrenof therootelementconstitutethe top levelof thebindingschema.

The valueof theversion attribute identifiesthe versionof the binding language
in which thebindingschemais written. Eachdistinctversionof this specificationwill
specifyadistinctversionstring. An implementationof aparticularversionof this spec-
ification will acceptbinding schemaswhoseroot elementsspecify the corresponding
versionstring andinterpretthemaccordingto that versionof this specification;if the
versionattribute is not presentthenthat versionis assumed.An implementationmay,
optionally, supportearlierversionsof this specification,in which casethevalueof the
versionattributedeterminestheversionto beused.

An XML 1.0document-typedefinition(DTD) for theversionof thebindinglanguage
describedby this specificationwill beavailableat theURI

http://java.sun.com/dtd/jaxb/1.0-ea/xjs.dtd

This URI is thereforesuitablefor useasa systemidentifier in theDOCTYPE declaration
of abindingschema:

<!DOCTYPE xml-java-binding-schema
SYSTEM "http://java.sun.com/dtd/jaxb/1.0-ea/xjs.dtd">

A bindingschemais not requiredto have a DOCTYPE declaration,but it is oftenhelpful
to provideonefor useby XML editorsandothertools.

6.4 Options
An optionsdeclarationhastheform

<options [package="package"]
[default-reference-collection-type=" � array � list � "]
[property-get-set-prefixes=" � true � false � "]
[marshallable=" � true � false � "]
[unmarshallable=" � true �false � "]/>

andmayappear, atmostonce,only at thetop level of thebindingschema.
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Theoptionsdeclarationservesasacontainerfor simpledeclarationsthatgovernthe
interpretationof thesourceschemaandof theotherdeclarationsin thebindingschema.

� Thepackage optionspecifiesthe target package for theclassesandinter-
facesthat will be generatedby element-class,interface,andenumeration
declarations;its valuemustbea valid Java packagename.If this optionis
not specifiedthenthegeneratedclasseswill bein theunnamedpackage.

� The default-reference-collection-type option specifiesthe collec-
tion typetobeusedfor referencepropertiesthatmayhavecompoundvalues.
If this optionis not specifiedthenits valueis defaultedto list.

� Theproperty-get-set-prefixes optionspecifieswhetherpropertyac-
cessmethodsare to be namedin the JavaBeansstyle, with get andset
prefixes,or in the C++ style, without suchprefixes. If this option is not
specifiedthenits valueis defaultedto true.

� The marshallable option specifieswhetheror not the generatedclasses
areto supportmarshalling. If the valuefalse is given thenthe marshal
methodsdefinedby the generatedelementclasseswill always throw an
UnsupportedOperationException when invoked. If this option is not
specifiedthenits valueis defaultedto true.

� Theunmarshallable optionspecifieswhetheror not thegeneratedclasses
aretosupportunmarshalling.If thevaluefalse isgiventhentheunmarshal
methodsdefinedby the generatedelementclasseswill always throw an
UnsupportedOperationException when invoked. If this option is not
specifiedthenits valueis defaultedto true.

6.5 Element-classdeclarations

An element-classdeclarationstartswith thetag

<element name="elt" type="class"
[class="Class"] [root=" � true � false � "]>

andmay appearonly at the top level of the binding schema. Its contentmay be any
numberof attribute-property, constructor, enumeration,andconversiondeclarations;its
contentmayalsoincludeat mostonecontent-propertydeclaration.

Source constraints Thesourceschemamustcontainanelement-typedeclaration,or its
equivalent,for anelementnamedelt.

If theclassnameClassis specifiedin theelement-classdeclarationthenit mustbe
a legalJavaclassname;it mustnotbeprefixedwith apackagename.
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Result The schemacompilerdefinesa new public marshallable-elementclassin the
targetpackage.An instanceof this classwill representa singleelt elementin aninput
document.

The nameof the classis Class, if the class attribute is present;otherwiseit is
constructedby applyingthe name-mappingalgorithmto elt. The classnamemustbe
uniquewith respectto the interfaces,enumerationclasses,andother elementclasses
declaredat thetop level of thebindingschema.

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

� Thesourceschemadeclares,eitherexplicitly or by default, thataninstance
of theelementtypeelt canbetheroot elementof a valid document.In this
casetheroot attribute,if given,musthave thevaluetrue.

� Thesourceschemadoesnotdeclare,eitherexplicitly or by default,whether
or not suchan instancecanbe a documentroot, andthe root attribute is
giventhevaluetrue.

Somesourceschemalanguages,andin particularDTDs,havenowayof expressingthat
an instanceof an elementtype canbe a documentroot; for theselanguagesonly the
secondcaseaboveapplies.

If thenew classis a root elementclassthenit extendsthebinding-framework class
MarshallableRootElement andimplementstherelatedinterfaceRootElement; it also
definesthe staticunmarshal methodsandthe staticnewDispatcher methodthat are
specifiedin theMarshallableRootElement class.If thenew classis notarootelement
classthenit extendsthebinding-frameworkclassMarshallableObject andimplements
therelatedinterfaceElement.

The new classdefinesa zero-argumentpublic constructor;instancescreatedby
invoking this constructorwill initially beinvalid.

Thenew classdefinesthefollowing public final methods:

� The unmarshal(Unmarshaller u) methodimplementsthe specification
of that methodin the MarshallableObject class. It usesthe given un-
marshaller’s scannerto scana singleelt element,processingtheelement’s
attributesandcontentaccordingtotherelevantdeclarationsin boththesource
andbindingschemasin orderto initialize theelementobject’sproperties.

If thescanneris not initially positionedatastarttagfor anelt element
thenanInvalidContentException is thrown. If thecontentof theunmar-
shalledelementviolatesaconstraintexpressedin thesourceschemathenan
appropriateValidationException is thrown.

� ThevalidateThis() methodimplementsthespecificationof thatmethod
in theValidatableObject class.If thecontentof this object’s properties
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violatesa localstructuralconstraintexpressedin thesourceschemathenan
appropriateLocalValidationException is thrown.

� Thevalidate(Validator v) methodimplementsthespecificationof that
methodin theValidatableObject class. If this object’s childrenviolate
a structuralconstraintexpressedin the sourceschemathenan appropriate
StructureValidationException is thrown.

� Themarshal(Marshaller m) methodimplementsthespecificationof that
methodin theMarshallableObject class. It usesthegivenmarshaller’s
writer to write asingleelt element,convertingtheelement’spropertyvalues
backintoattributesandcontentaccordingto therelevantdeclarationsin both
thesourceandbindingschemas.

Theunmarshallingandvalidationmethodsarespecifiedto throw variouscheckedexcep-
tions whenvariouserror conditionsaredetected.This specificationdoesnot mandate
theorderin which suchconditionsaredetected,andit thereforedoesnot mandatethat
any particularexceptionbethrown beforeany other. Oneimplementationof this speci-
ficationmay, e.g., unmarshalall of anelement’scontentbeforecheckinglocalstructural
constraints,while anothermaychecksuchconstraintsascontentis unmarshalled.These
implementationscouldbehavedifferentlywhenunmarshallinganinvalid document,but
they wouldbehave identicallywhenunmarshallingany valid document.

Thenew classalsodefinesthreepublic,non-finalmethods:

� Theequals methodteststhat the givenvalueof eachpropertydefinedin
this elementclassis equalto thegivenvalueof thatpropertyin theobject
to which this object is beingcompared.This equalitytestusesthe value-
basedequals methodratherthantheobject-identity-based== operator, and
is extendedto pointwiseequalityfor collectionproperties.

� ThehashCode methodtakesinto accounteachvalueof primitive type,and
thehashcodeof eachobject,thatis thevalueof a propertyor a component
of thevalueof apropertydefinedin thisclass.Theprecisemannerin which
it doessois not specified.

� The toString methodproducesa string representationof the contentof
the objectuponwhich it is invoked. The preciseformat of this string is
not specified,but it shouldcontainsufficient information to be useful in
debugging.

The content-and attribute-propertydeclarationswithin this element-classdeclaration
will placefurtherrequirementsuponall of theabove methods.Thesedeclarationswill
alsodefinepublicnon-finalmethodsto implementthedeclaredproperties.

Thecodethatimplementsthemutationof any property’svalueis requiredto invali-
datethecontainingelementobjectif amutationoperationcouldcauseany localor global
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structuralconstraintto beviolated. In otherwords,theschemacompilermustgenerate
codethatinvalidatestheelementobjectwheneverapropertyis mutatedunlessit canbe
determined,eitheratcompiletimeor at run time,thatnostructuralconstraintswouldbe
violatedby theproperty’snew value.

6.5.1 DTD-specificsemantics

If theelement-typedeclarationfor elt hasanattributeof typeID thenthederivedclass
alsoimplementstheIdentifiableElement interface.

6.5.2 Example

Wecanbeginabindingschemafor thestock-tradeDTD with anelement-classdeclaration
for thetrade elementtype:

<element name="trade" type="class" root="true"> ...

Thisdeclarationdefinesaclasswith the(partial)signature:

public class Trade
extends MarshallableRootElement
implements RootElement

{
public final void validateThis();
public final void validate(Validator v);
public final void unmarshal(Unmarshaller u)

throws UnmarshalException;
public final void marshal(Marshaller m) throws IOException;
public static Trade unmarshal(XMLScanner xs, Dispatcher d)

throws UnmarshalException;
public static Trade unmarshal(XMLScanner xs)

throws UnmarshalException;
public static Trade unmarshal(InputStream in)

throws UnmarshalException;
}

Over thecourseof this chapterwe will graduallycompletethebindingschemafor the
stock-tradeDTD.

6.6 General content-property declarations
Thedeclarationof ageneralcontentpropertyhastheform

<element name="elt" type="class" ...>
<content property="prop"

[collection=" � array � list � "]
[supertype="type"]/>

andmayappearonly within anelement-classdeclaration.
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Source constraints The sourceschemamustcontainan element-typedeclaration,or
its equivalent, for the elementelt namedby the enclosingelement-classdeclaration.
An elementclassmustbedeclaredin thebindingschemafor eachelementtypethat is
referencedin theelement-typedeclaration’scontentspecification.

Thepropertynamepropmustbeavalid XML name.
If the supertypetype is specifiedthenit mustbe the nameof a classor interface

declaredin thebindingschema.Thattypemustalsobeasupertypeof eachof theelement
classesto which theelementtypesreferencedin thecontentspecificationarebound.

Result The schemacompilerdefines,in the classbeinggeneratedfor the containing
element-classdeclaration,apropertyto representtheelement’scontent:

� Theproperty’snameis prop. Themethodidentifiersusedin therealization
of thispropertymustbeuniqueamongthemethodsdefinedin thecontaining
elementclass.

� The property’s basetype is type, if specified;otherwiseit defaults to the
binding-framework classMarshallableObject.

� The property’s predicateonly admitsvaluesof the basetype, otherwise
throwing anInvalidContentObjectException.

� Theproperty’s collectiontype is taken to be thevalueof thecollection
attribute,if given;otherwiseit is thedefault reference-collectiontypeif the
contentspecificationallowsmorethanoneelement;otherwisetheproperty
is a referenceproperty.

Thecontent-propertydeclarationimposesfurtherrequirementsuponthemethodsdefined
in theenclosingelementclass:

� The unmarshal(Unmarshaller u) method,after unmarshallingany at-
tributes,unmarshalsthe input element’s contentby invoking thegivenun-
marshaller’sunmarshal() orunmarshal(Class) methods,asappropriate.
It unmarshalselementcontentuntil it reachestheendtag for the input el-
ement.This producesa list of marshallable-elementobjects,including in-
stancesof thePCData classfor characterdata,thatis theinitial valueof the
contentproperty.

� The validateThis() methodvalidatesthe valueof the contentproperty
againstthelocal structuralconstraintsexpressedin thesourceschema.

� Thevalidate(Validator v) methodvalidatestheelement’s childrenby
invoking the given validator’s validate(ValidatableObject) method
uponeachobjectin thecontentproperty.

� Themarshal(Marshaller m)method,aftermarshallingany attributesand
beforewriting theendtag,marshalstheelement’s childrenby invoking the
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givenmarshaller’smarshal(MarshallableObject) methoduponeachof
theobjectsin thecontentproperty, in theorderin which they appear.

6.6.1 DTD-specificsemantics

Local structural constraints The contentproperty’s value must satisfy the content
specificationgivenin thecorrespondingelement-typedeclarationof thesourceDTD.

If theelement-typedeclaration’scontentspecificationis anelement-contentmodel
thenthecontentproperty’s valuemustbea valid representationof a stringof element-
typenamesthat is in thelanguagegeneratedby theregularexpressiondescribedby the
model.

An EMPTY contentspecificationrequiresthecontentproperty’s value,if defined,to
beof lengthzero.MixedandANY contentspecificationsdonotimposeany localstructural
constraints.

6.6.2 Example

A generalcontentpropertyis,asits nameimplies,themostgeneralof all contentproper-
ties. Suchapropertycanbeusedwith any contentspecification,nomatterhow complex;
model-basedcontentproperties,by contrast,requirecontentspecificationsto haveaspe-
cific structure.Generalcontentpropertiesarethereforethemostrobusttypewith respect
to schemaevolution.

Giventhatthetrade elementtypeis declared

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

we canhandleits contentby declaringa generalcontentpropertyin its element-class
declaration:

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

Thisdeclarationdefinesthreemethodsin theTrade class:

public class Trade ... {
public List getContent();
public void deleteContent();
public void emptyContent();

}

Thelist returnedby thegetContent methodwill beconstrainedlocally to containone
instanceeachof theSymbol, Quantity, Limit, Stop, andDate elementclasses,in that
order, with all but theLimit andStop instancesbeingrequired.

Elementclassesfor theseotherelementtypescanbedeclaredin a similar manner.
Thesymbol elementtype,e.g., is declared
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<!ELEMENT symbol (#PCDATA) >

which in combinationwith theelement-classdeclaration

<element name="symbol" type="class">
<content property="content"/>

will defineaSymbol classwith the(partial)signature

public class Symbol
extends MarshallableObject
implements Element

{
public MarshallableObject getContent();
public void setContent(MarshallableObject x);

}

The charactercontentof a symbol elementwill be representedasan instanceof the
binding-framework classPCData. Non-rootelementclassesfor theother#PCDATA el-
ementtypesquantity, limit, stop, anddate canbe declaredin a similar manner.
Binding suchsimpleelementtypesin this very generalway is ratherawkward; such
typesarebetterhandledwith element-valuedeclarations,aswill beseenbelow.

6.7 Conversiondeclarations

A conversiondeclarationhastheform

<conversion name="name" [type="type"]
[parse="parse"] [print="print"]
[whitespace=" � preserve � normalize � collapse � "]/>

andmayappeareitherat thetop level of thebindingschemaor within anelement-class
declaration.

Source constraints TheconversionnamemustbeavalidXML name.It mustbeunique
with respectto the otherconversionsdeclaredat the samelexical level of the binding
schema.

The type, if specified,is the target typeof theconversionandthereforemustbea
legal Java typename.Thetarget typemay includea packageprefix; if it doesnot then
thetargetpackageis assumed.If thetargettypeis notspecifiedthenit defaultsto name,
which is thenfurtherconstrainedto bea legalJava typename.

The parsemethod,if specified,describeshow to convert a string into a valueof
the target type. It mustbe the tokennew or be of the form ClassName.methodName,
whereClassNameis a legal Java classname,possiblyincludinga packageprefix, and
methodNameis a legalJavamethodname.
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The print method, if specified,describeshow to convert a value of the target
type back into a string. It must be of the form methodNameor of the form Class-
Name.methodName, whereClassNameandmethodNameareconstrainedasfor theparse
method.

Result Theschemacompilerdefinesa bindingconversionwith thespecifiedname. A
bindingconversionconsistsof a targettype,aparsemethod,anda print method.

Whena binding conversionis specifiedin an element-valuedeclarationor in an
attribute-propertydeclarationthen the basetype of the declarationis taken to be the
conversion’s targettype.

Theparsemethodof abindingconversionis appliedduringunmarshallingin order
toconvertastringfromtheinputdocumentintoavalueof thetargettype. Beforeinvoking
theparsemethod,whitespacein the input string is processedaccordingto thevalueof
thewhitespace attribute,whichdefaultsto collapse:

� preserve: Nothingis done.

� normalize: Eachoccurrenceof a \u0009 (TAB), \u000A (LINE FEED),
or \u000D (CARRIAGE RETURN) characteris replacedby a spacecharac-
ter (\u0020, SPACE).

� collapse: The processingof the previous stepis performed,after which
contiguoussequencesof spacesarecollapsedto singlespacesandleading
andtrailing spacesareremoved.

Normalizingorcollapsingwhitespacemaycauseround-trippingto fail if strict,character-
for-characterdocumentequivalenceis required,but collapsingwhitespaceis almostal-
waysacceptablein data-orientedapplicationsof XML.

After whitespaceprocessingtheparsemethodis invokedasfollows:

� If the parsemethodis specifiedasnew, or if it is not specified,then the
compilerassumesthat the target type is a classthat definesa constructor
thattakesa singleString argument.To apply theconversionto a stringit
generatescodethatinvokesthis constructor, passingit theinput string.

� If theparsemethodis specifiedin theform ClassName.methodNamethen
thecompilerassumesthat theclassClassNameexistsandthat it definesa
staticmethodnamedmethodNamethattakesasingleString argumentand
returnsa valueof the target type. To apply the conversionto a string it
generatescodethatinvokesthis method,passingit theinput string.
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Theprintmethodof abindingconversionisappliedduringmarshallingin ordertoconvert
avalueof thetargettypeinto astringthatwill bewritten to theoutputdocument:

� If theprintmethodisnotspecifiedthenit defaultstotoStringandishandled
accordingto thenext case.

� If theprint methodis specifiedin theform methodNamethenthecompiler
assumesthat the target type is a classor an interfacethat definesa zero-
argumentinstancemethodnamedmethodNamethat returnsa String. To
applytheconversionit generatescodeto invokethismethoduponaninstance
of thetargettype.

� If theprint methodis specifiedin the form ClassName.methodNamethen
thecompilerassumesthat theclassClassNameexistsandthat it definesa
staticmethodnamedmethodNamethattakesasingleargumentof thetarget
typeandreturnsa String. To applytheconversionto a stringit generates
codethatinvokesthis method,passingit a valueof thetargettype.

Theparseandprint methodstogetherdefinea bidirectionalmappingbetweenvaluesof
thetargettypeandasetof strings.Thismappingshouldalwaysbevalue-preservingwith
respectto the target type. In otherwords, the print methodshouldbe ableto convert
every value 	 of thetarget typeinto a stringrepresentationthat,whenprocessedby the
parsemethod,returnstheoriginal value 	 . Thismappingwill often,thoughnotalways,
bevalue-preservingwith respectto thesetof stringsuponwhichit is defined;aparticular
floating-pointnumber, e.g., mightberepresentedby morethanonestring.

Theprint methodis assumedto work oneveryvalueof thetargettypeandtherefore
never to fail. A parsemethodmayfail, however, sinceit is only definedon thosestrings
that are valid representationsof target-typevaluesand it will be appliedto arbitrary
strings. A parsemethodindicatesfailureby throwing anexceptionof whatever type is
appropriate,thoughit shouldnever throw a TypeConstraintException. Theschema
compilerensuresthat an exceptionthrown by a parsemethodis caughtandwrapped
within anew ConversionException thatis thenimmediatelythrown. For therarecase
in which a print methodfails, it similarly ensuresthat an exceptionthrown by a print
methodiscaughtandwrappedwithin anew ConversionFailureException thatis then
immediatelythrown.

Built-in conversions A built-in binding conversionis definedfor the following Java
primitivetypes.In eachcasethenameof theconversionis thenameof thetype.

� For boolean, thebuilt-in conversionmapsthe string"true" to true and
thestring"false" to false; for all otherinput stringsit is undefined.

� For eachof thenumerictypesbyte, short, int, long, float, anddouble,
the built-in conversionusesthe staticparseType(String) methodof the
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correspondingjava.langwrapperclasstoconvertstringstovalues,andthe
statictoString(type)methodof thesameclassto convertvaluesto strings.

Scope Conversiondeclarationsnestlexically within thebindingschema.If aconversion
declarationappearsat the top level of thebindingschemaandhasthesamenameasa
built-in conversionthenthe declarationtakesprecedence.If a conversiondeclaration
appearswithin an element-classdeclarationand hasthe samenameas a conversion
declaredat thetop level, or thesamenameasa built-in conversion,thentheinnermost
declarationtakesprecedence.

6.7.1 Example

Thestop andlimit elementtypesdeclaredin thestock-tradeDTD aremeantto contain
pricesexpressedasdecimalfractionsof dollars. It would not bea goodideato usethe
built-in conversionsfor thefloat or double primitivenumerictypes,sincethesetypes
areinherentlyapproximate.Hencewe definea new price conversionthat represents
pricesasinstancesof theclassjava.math.BigDecimal, which canrepresentdecimal
fractionsprecisely:

<conversion name="price" type="java.math.BigDecimal"/>

With this conversion,a string will be converted into a BigDecimal instanceduring
unmarshallingby invokingtheBigDecimal(String) constructor;suchaninstancewill
beconvertedbackinto astringduringmarshallingby invoking thetoString methodof
thatclass.This conversionwill beusedlaterwhenwe give element-valuedeclarations
for thestop andlimit elementtypes.

If wedefinetheauxiliaryclass

public class Cnv {
private static java.text.SimpleDateFormat df

= new java.text.SimpleDateFormat("yyyy-MM-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 date conversionthatconvertsstringsrepresentingdates
into instancesof theclassjava.util.Date:

<conversion name="date" type="java.util.Date"
parse="Cnv.parseDate" print="Cnv.printDate"/>
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TheparseDate methodmaythrow aParseException; if thishappensthentheunmar-
shallingcodewill catchthe exception,wrap it in a ConversionException, andthen
throw thisnew exception.

6.8 Datatypes
A sourceschemaassociatesa datatypewith every attributedeclarationandwith every
declarationof a simpleelementtype, i.e., anelementtypewhosecontentspecification
allowscharacterbut notelementcontent.Thedatatypemaybespecifiedexplicitly in the
sourceschemaor it maybeimpliedby thesemanticsof thesourceschemalanguage.

A datatypeis eitheratomic or compound. An atomic datatypedescribesvalues
thatarenot subjectto further decomposition;e.g., strings,floating-pointnumbersin a
certainrange,or tokensin a certainset. A compounddatatypedescribesvaluesthatare
sequencesof atomicvalues;e.g., arraysof floating-pointnumbersor lists of tokensin a
certainset. A source-schemacomponentwith a compounddatatypecanonly bebound
to acollectionproperty.

Whetheratomicor compound,asource-schemadatatypehasthreecomponents:

� A representationtype, which is thetypeusedin generatedcodeto represent
atomicvaluesof thedatatype.

� An optionaldatatypeconversion, which is muchlike a bindingconversion
in that it consistsof a target type,a parsemethod,anda print method.The
targettypeis thedatatype’srepresentationtype. Theparsemethodindicates
failureby throwing aTypeConstraintException.

� A predicate, whichcapturesthetypeconstraintsof thedatatypethatarenot
impliedby therepresentationtypeandsomustbecheckeddynamically.

Datatypes vs. binding conversions Datatypeconversionsare distinct from binding
conversions.

Datatypeconversionsareassociatedwith specificdatatypesthatareeitherdefined
in thesourceschemaor implicit in thesourceschemalanguageitself. If theparsemethod
of suchaconversionfailsduringunmarshallingthentheinputdocumentis invalid,which
is why it is requiredto throw aTypeConstraintException.

Bindingconversions,bycontrast,aredeclaredandnamedin thebindingschema,and
areprovidedasa meansof augmentingthesourceschemawith additionalapplication-
specificconversions.A bindingconversion’s parsemethodis simply a convenience;as
suchits failureduringunmarshallingdoesnot imply thattheinput documentis invalid,
andsoit is notpermittedto throw aTypeConstraintException.

If a source-schemacomponentdeclaresa datatype,and that datatypedefinesa
conversion,thenabindingconversionmaynotbeappliedto thatcomponent.
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6.8.1 DTD-specificsemantics

The datatypingfacilities of DTDs arevery weak. The contentof instancesof simple
#PCDATA-only elementtypescannotbeconstrainedat all. Attributevaluescanbecon-
strainedin a few ways,for exampleto be tokensin a certainset,or lists of tokens,but
thesearestill inadequatefor typicaldata-orientedapplicationsof XML. Many suchappli-
cationshavethereforeadoptedthe“DT4DTD” datatype-annotationconventionsdefined
in theW3CnoteDatatypesfor DTDs[http://www.w3.org/TR/dt4dtd]. Thisspecification
supportsthoseconventions.

Note Theprecisesetof datatypesto besupportedvia theseconventions
hasyet to bedetermined.

6.9 Element-valuedeclarations

An element-valuedeclarationhastheform

<element name="elt" type="value" [convert="cnv"]/>

andmayappearonly at thetop level of thebindingschema.

Source constraints The sourceschemamustcontainanelement-typedeclaration,or
its equivalent,for theelementtypeelt. Theelementtypemustbesimple, i.e., its content
specificationmustallow charactercontentbut no elementcontent(e.g., #PCDATA or its
equivalent),andit mustnothaveany attributes,exceptfor specialattributesusedonly to
convey datatypeinformation.

If abinding-conversionnamecnv isspecifiedthenit mustnameaconversiondefined
at thetop level of thebindingschemaor definedasabuilt-in conversion.A bindingcon-
versionmaynotbespecifiedif theelementtype’sdatatypedefinesadatatypeconversion.

Result Theschemacompilergeneratescodethattreatsanelt elementasavaluerepre-
sentingtheelement’scontentratherthanasaninstanceof anelementclass.Thevalue’s
typeis thetargettypeof thebindingconversion,if any, otherwiseit is therepresentation
typeof theelementtype’sdatatype.

An elementvalueis boundto a propertyby anelement-referencecontent-property
declaration,definedbelow in � 6.11.An element-valuedeclarationimposesthefollowing
requirementsuponthemethodsdefinedin thecontainingelementclass:

� Theunmarshal(Unmarshaller u) methodunmarshalsan elt elementin
theinputdocumentdirectly, by scanningits starttag,its characterdata,and
itsendtag. If theelementtype’sdatatypeiscompoundthenthecharacterdata
is brokeninto non-whitespacetokens.If thedatatypedefinesa conversion,
or if abindingconversionis specified,thenthatconversionis appliedto the
characterdataor to eachtoken,asappropriate.Theresultis takento bethe
valueof theelement.
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If thescanneris not initially positionedat astarttagfor anelt element
thenanInvalidContentException is thrown. If an attribute is scanned
then an InvalidAttributeException is thrown. If the contentof the
unmarshalledelementviolatesa type constraintexpressedin the source
schemathenaTypeConstraintException is thrown; if thecontentviolates
any other constraintexpressedin the sourceschemathen an appropriate
ValidationException is thrown.

� The validateThis() methodchecksany local structuralconstraintsthat
areexpressedin thesourceschema.

� Themarshal(Marshaller m) methodmarshalsanelt elementdirectly, by
writing its start tag, its charactercontent,andits endtag. If a binding or
datatypeconversionis definedthenit is first appliedto theelement’s value
in ordertocomputethecharactersto bewritten. If thedatatypeis compound
thentheproperty’svaluesareconvertedindividually, if necessary, andthen
writtenwith adjacentvaluesseparatedby singlespacecharacters.

6.9.1 DTD-specificsemantics

Datatypes and type constraints If thesourceDTD declaresanattributee-dtype for the
elementtypeelt thenit is interpretedin accordancewith theDT4DTD conventions.The
attribute’stypemustbeCDATA anditsdefaultdeclarationmustbe#FIXED. Theelement’s
datatypeis namedby thedefault valueof theattribute.

If no datatypeis declaredthentheelementtype’sdatatypeis takento beanatomic
datatypewith therepresentationtypejava.lang.String,noconversion,andapredicate
thatadmitsany value.

6.9.2 Example

In � 6.6.2 we saw that we could declareelementclassesfor the symbol, quantity,
limit, stop, anddate elementtypesand treat the contentof a trade elementasa
generalcollectionproperty. This is moreconvenientthanusingtheSAX or DOM APIs,
but it is still quiteawkward. Wecaninsteaddeclarethatinstancesof theseelementtypes
shouldbetreatedasvaluesratherthanasobjects,andevenconvert thesevaluesto more
appropriatetypesthanString:

<element name="symbol" type="value"/>
<element name="quantity" type="value" convert="int"/>
<element name="limit" type="value" convert="price"/>
<element name="stop" type="value" convert="price"/>
<element name="date" type="value" convert="date"/>

Thesedeclarationswill be usedbelow whenwe give a model-basedcontent-property
declarationfor thetrade elementtype’scontentspecification.
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6.10 Model-basedcontent-property declarations
A model-basedcontent-propertydeclarationhastheform

<element name="elt" type="class">
<content>

...
<element-ref name="ref-elt" [property="prop"] [collection="coll"]/>
<choice property="prop" [collection="coll"] [supertype="type"]/>
<sequence property="prop" [collection="coll"] [supertype="type"]/>
...
<rest property="prop" [collection="coll"] [supertype="type"]/>

andmayappearonlywithin anelement-classdeclaration.Its contentmaybeany number
of element-reference-,choice-,or sequence-propertydeclarations,in any order, possibly
endingwith asinglerest-propertydeclaration.Thesesubsidiarydeclarationsservetobind
thecomponentsof thecontentspecification’scontentmodelto specificproperties,hence
they aretogetherreferredto asthe propertymodelof the containingcontent-property
declaration.

Source constraints The sourceschemamustcontainanelement-typedeclaration,or
its equivalent,for the elementnamedby the enclosingelement-classdeclaration.The
contentspecificationof thiselement-typedeclarationmustbeanelement-contentmodel,
or its equivalent;i.e., it mustbeadescriptionof thesequencesof elementsthatarevalid
asthecontentof anelt element.

The propertymodel in the binding schemamust cover the contentmodel in the
sourceschema.This constraintensuresthat every componentof the contentmodel is
relatedto a specificdeclarationin the propertymodel,andthateachdeclarationbinds
zeroor morecomponentsto acontentproperty.

Todefinethisrelationmorepreciselyweassumethatacontentmodelcanbeviewed,
abstractly, asa treeof contentparticlesconsistingof element-typereferences,choice
groupsof particles,and sequencegroupsof particles. Eachparticle carriesa repeat
specificationwhosesyntaxandsemanticsaredefinedby thesourceschemalanguage.If
theroot of thetreeis not a sequencegroupthenwe encloseit in a sequencegroupwith
arepeatspecificationthatrequiresexactlyoneoccurrenceandthentakethatgroupto be
theroot. Thecoveringrelationis thendefinedasfollows:

� An element-referencecontent-propertydeclarationcoversanelement-type
referencein thecontentmodel.

� A choicedeclarationcoversachoicegroupin thecontentmodel.

� A sequencedeclarationcoversasequencegroupin thecontentmodel.

� A propertymodelcoversacontentmodelif, andonly if,
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� The repeatspecificationof the root sequencegroup requires
exactly oneoccurrence,and

� Thereis aninitial subsequenceof therootsequencegroupsuch
that eachdeclarationin the propertymodelcovers the corre-
spondingchild of thesubsequence.

If thepropertymodelendswith arest-propertydeclarationthentheremainingcomponents
of the root sequencegroup, if any, areconsideredto be coveredby the rest-property
declaration.If a rest-propertydeclarationis not giventhenany remainingcomponents
mustbeelement-typereferences;they arecoveredby defaultelement-referenceproperty
declarationsasdescribedbelow in � 6.14.

Example Thecontentmodelof theDTD element-typedeclaration

<!ELEMENT x ( a, b*, ( c | d )+, ( e, f )+, g, h ) >

is coveredby eachof thefollowing propertymodels:

<content>
<element-ref name="a"/>
<element-ref name="b"/>
<rest property="content"/>

<content>
<element-ref name="a"/>
<element-ref name="b"/>
<choice property="c-or-d"/>
<sequence property="e-and-f"/>
<element-ref name="g"/>
<element-ref name="h"/>
<rest property="extras"/>

<content>
<element-ref name="a"/>
<element-ref name="b"/>
<choice 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-modelcomponents;these
arediscussedfurther in � 6.12. The last caseis interpretedasthoughit endswith the
declarations<element-ref name="g"/> and<element-ref name="h"/>, which are
appendedasdefaultsasexplainedin � 6.14.
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Result The schemacompilerdefines,in the classbeinggeneratedfor the containing
element-classdeclaration,thesetof propertiesspecifiedby thedeclarationsin theprop-
erty model. Themeaningsof thesedeclarationsaredefinedin thenext two sectionsof
this chapter.

Thecontent-propertydeclarationimposesexactlythoserequirementsuponthemeth-
odsdefinedin theenclosingelementclassthatareimposedby thesubsidiaryelement-
reference-,choice-,sequence-,andrest-propertydeclarations.

Examplesof thevariouskindsof property-modeldeclarationsaregivenlaterin this
chapter, aftertherequisiteconstructsaredefined.

6.10.1 DTD-specificsemantics

The element-contentmodel in an element-typedeclarationis flattenedasit is readby
thecompiler: Eachchoiceor sequencegroupwithout anexplicit repeatspecificationis
replacedby its content.Thustheelement-typedeclaration

<!ELEMENT y ( a, b, ( c, d, e ), (f | g | (h | i)) ) >

is effectively simplifiedto:

<!ELEMENT y ( a, b, c, d, e, (f | g | h | i) ) >

Thisremovestheredundantchoiceandsequencegroupsthatoftenarisewhenparameter
entitiesareusedto build up complex contentmodels. The structureof a model-based
content-propertydeclarationmustmatchthatof theflattenedform of thecontentmodel;
i.e., it mustnot containa choice-or sequence-propertydeclarationthatattemptsto bind
achoiceor sequencegroupthathasno explicit repeatspecification.

6.11 Element-referencecontent-property declarations
This typeof declarationhastheform

<element name="elt" type="class">
<content>

...
<element-ref name="ref-elt" [property="prop"] [collection="coll"]/>
...

andmayappearonly within amodel-basedcontent-propertydeclaration.

Source constraints Thesourceschemamustcontainanelement-typedeclaration,or its
equivalent,for theelementelt namedby theenclosingelement-classdeclaration.The
element-referencepropertydeclarationmustcoverareferencein thecontentspecification
of thatelement-typedeclarationtoanelementtypenamedref-elt. Thereferencemayhave
any repeatspecificationthatis valid in thesourceschemalanguage,with oneexception:
If theelementtype ref-elt hasa compounddatatypethenthe repeatspecificationmust
notallow morethanoneoccurrence.
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Result The schemacompilerdefines,in the classbeinggeneratedfor the enclosing
element-classdeclaration,a propertyto representthe contentthat is matchedby the
element-typereference.The nameof the propertyis prop, if specified;otherwiseit is
takento be ref-elt. Themethodidentifiersusedin therealizationof this propertymust
beuniqueamongthemethodsdefinedin thecontainingelementclass.

Beyondthis,themeaningof thedeclarationdependsuponwhethertheelementtype
ref-elthasanelement-classor anelement-valuedeclarationin thebindingschema.

6.11.1 Elementclasses

If anelementclass
 is declaredin thebindingschemafor thereferencedelementtype
ref-elt thentheresultingpropertyis aspecialcaseof ageneral-contentproperty:

� Theproperty’sbasetypeis 
 .

� Theproperty’spredicateonly acceptsinstancesof 
 , otherwisethrowingan
InvalidContentObjectException.

� Theproperty’s collectiontype is taken to be thevalueof thecollection
attribute, if given; otherwiseit is the default reference-collectiontype if
therepeatspecificationof theelement-typereferenceallowsmorethanone
element;otherwisethepropertyis a referenceproperty.

Thefurtherrequirementsimposeduponmethodsdefinedin theenclosingelementclass,
andthetypeandlocal constraintsthatmustbeenforcedby thosemethods,arethesame
asfor ageneral-contentproperty.

6.11.2 Elementvalues

If the referencedelementtype ref-elt insteadhasan element-valuedeclarationin the
bindingschemathentheresultingpropertyis definedasfollows:

� Theproperty’sbasetypeis thetargettypeof thebindingconversion,if any;
otherwiseit is therepresentationtypeof theelementtype’sdatatype.

� Theproperty’spredicateenforcesany typeconstraintsthatareexpressedin
thesourceschema;in particular, thispredicateincorporatesthepredicateof
theelementtype’sdatatype.

� Theproperty’s collectiontype is taken to be thevalueof thecollection
attribute,if present.If thebasetypeis aprimitivetypethenonly thearray
collectiontypemaybespecified.

If no collectiontype is specifiedthentheproperty’s collectiontype is
a functionof thebasetype,of theelementtype’sdatatype,andof therepeat
specificationof theelement-typereference:
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� If the repeatspecificationallows at mostoneoccurrenceand
thedatatypeis atomicthenthepropertyis aprimitiveproperty,
if thebasetype is a primitive type,otherwiseit is a reference
property.

� If therepeatspecificationallowsmorethanoneoccurrence,or if
thedatatypeiscompound,thenthepropertyisanarrayproperty,
if thebasetypeis aprimitivetype,otherwiseit is of thedefault
reference-collectiontype.

Thefurtherrequirementsimposeduponmethodsdefinedin theenclosingelementclass,
and the type and local constraintsthat mustbe enforcedby thosemethods,are those
inducedby theelement-valuedeclaration.

6.11.3 DTD-specificsemantics

Local structural constraints The element-typereferencein the sourceDTD that is
coveredby the element-referencepropertydeclarationmayhave a repeatspecification
of ?, *, or +, whichshouldbeinterpretedasrequiredby theXML 1.0specification.

6.11.4 Example

We can now give a model-basedcontent-propertydeclarationfor the trade element
type’scontentmodel:

<element name="trade" type="class" root="true">
<content>

<element-ref name="symbol"/>
<element-ref name="quantity"/>
<element-ref name="limit" property="limit-price"/>
<element-ref name="stop" property="stop-price"/>
<element-ref name="date"/>

In combinationwith theelement-valuedeclarationsgivenearlier, thesedeclarationswill
definethefollowing property-accessmethodsin theTrade class:

public class Trade ... {
public String getSymbol();
public void setSymbol(String x);
public int getQuantity();
public void setQuantity(int x);
public boolean hasQuantity();
public void deleteQuantity();
public java.math.BigDecimal getLimitPrice();
public void setLimitPrice(java.math.BigDecimal x);
public java.math.BigDecimal getStopPrice();
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public void setStopPrice(java.math.BigDecimal x);
public java.util.Date getDate();
public void setDate(java.util.Date x);
...

}

The symbol, quantity, anddate elementsarerequiredby the trade elementtype’s
contentmodel,hencethevalidationlogic in theTrade classwill ensurethat thecorre-
spondingpropertiesaregivenvalues.

6.12 Choice,sequence,and restcontent-property declarations

Thesetypesof declarationshave theform

<element name="elt" type="class">
<content>
...
<choice property="prop" [collection="coll"] [supertype="type"]/>
<sequence property="prop" [collection="coll"] [supertype="type"]/>
...
<rest property="prop" [collection="coll"] [supertype="type"]/>

andmayappearonly within amodel-basedcontent-propertydeclaration.

Source constraints Thesourceschemamustcontainanelement-typedeclaration,or its
equivalent,for theelementelt namedby theenclosingelement-classdeclaration.

A choice-or sequence-propertydeclarationmustcoveracorrespondingcomponent
of theelement-typedeclaration’scontentmodel.A rest-propertydeclarationisconsidered
to cover thosecomponents,if any, of thecontentmodel’s root sequencegroupthatare
nototherwisecovered.

If a choice-,sequence-,or rest-propertydeclarationspecifiesa supertypetypethen
that type mustbe a classor interfacedeclaredin the binding schema.That type must
alsobeasupertypeof eachof theelementclassesto which theelementtypesreferenced
by thecoveredcomponent(s)of thecontentmodelarebound.

Result For eachinstanceof oneof thesethreetypesof propertydeclarationstheschema
compilerdefines,in theclassbeinggeneratedfor thecontainingelement-classdeclaration,
apropertyto representthecontentmatchedby thecoveredcontent-modelcomponent(s).
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Eachsuchpropertyis definedexactly asif it werea general-contentproperty, with the
following exceptions:

� The property’s contentis constrainedby the coveredcomponent(s)rather
thantheentirecontentspecification.

� A rest-propertydeclarationalwaysdefinesa collectionproperty, eitherby
specifyingthe collectiontypeexplicitly or by usingthe default reference-
collectiontype.

� If arest-propertydeclarationdoesnotcoverany components,asin thesecond
exampleonp.50,thentheproperty’spredicateacceptsany valueof thebase
type but the propertyis given a local structuralconstraintthat permitsno
values.

Thefurtherrequirementsimposeduponmethodsdefinedin theenclosingelementclass,
andthetypeandlocalconstraintsthatmustbeenforcedby thosemethods,areotherwise
thesameasfor ageneral-contentproperty.

A content-propertydeclarationof theform

<content>
<rest property="prop">

is in factequivalentto thegeneralcontent-propertydeclaration

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

A completeexampleof a rest-propertydeclarationis givenbelow, in � 6.14.1.

6.13 Attrib ute-property declarations
An attribute-propertydeclarationhastheform

<attribute name="attr" [convert="cnv"]
[property="prop"] [collection=" � array � list � "]/>

andmayappearonly within anelement-classdeclaration.

Source constraints The sourceschemamustcontainan attribute declaration,or its
equivalent, for an attribute namedattr on the elementtype namedby the enclosing
element-classdeclaration.

If abinding-conversionnamecnv isspecifiedthenit mustnameaconversiondefined
within the enclosingelement-classdeclaration,definedat the top level of the binding
schema,or definedasa built-in conversion.A bindingconversionmaynot bespecified
if the attribute’ datatypedefinesa datatypeconversion,or if it is otherwiseforbidden
below.

Thepropertynameprop, if given,mustbea valid XML name.
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Result The schemacompilerdefines,in the classbeinggeneratedfor the containing
element-classdeclaration,apropertyto representthevalueof thenamedattribute:

� The property’s nameis prop, if specified;otherwiseit is taken to be attr.
Themethodidentifiersusedin therealizationof thispropertymustbeunique
amongthemethodsdefinedin thecontainingelementclass.

� Theproperty’sbasetypeis thetargettypeof thebindingconversion,if any;
otherwiseit is therepresentationtypeof theattribute’sdatatype.

� Theproperty’spredicateenforcesany typeconstraintsthatareexpressedin
thesourceschema;in particular, thispredicateincorporatesthepredicateof
theelementtype’sdatatype.

� Theproperty’s collectiontype is taken to be thevalueof thecollection
attribute,if present.If thebasetypeis aprimitivetypethenonly thearray
collectiontypemaybespecified.

If no collectiontype is specifiedthentheproperty’s collectiontype is
a functionof thebasetypeandof theattribute’sdatatype:

� If the attribute’s datatypeis atomic(e.g., CDATA or NMTOKEN)
thenthe propertyis a primitive property, if the basetype is a
primitive type,otherwiseit is a referenceproperty.

� If theattribute’sdatatypeiscompound(e.g.,IDREFSorNMTOKENS)
thenthepropertyis anarrayproperty, if thebasetypeis aprim-
itive type, otherwiseit is a collectionpropertyof the default
reference-collectiontype.

The attribute-propertydeclarationimposesfurther requirementsuponthe methodsde-
finedin theenclosingelementclass:

� Theunmarshal(Unmarshaller u)methodunmarshalsanattributebyread-
ing its characterdata.If theattribute’sdatatypeis compoundthenthechar-
acterdatais broken into non-whitespacetokens. If the datatypedefinesa
conversion,or if a bindingconversionis specified,thenthat conversionis
appliedto thecharacterdataor to eachtoken,asappropriate.Theresultis
takento bethevalueof theattributeproperty.

If theattribute’svalueviolatesatypeconstraintexpressedin thesource
schemathena TypeConstraintException is thrown; if its valueviolates
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any other constraintexpressedin the sourceschemathen an appropriate
ValidationException is thrown.

� ThevalidateThis() methodvalidatesthevalueof theattributeproperty
againstthelocal structuralconstraintsexpressedin thesourceschema.

� Themarshal(Marshaller m) methodmarshalsanattributeby writing its
nameandits value.If abindingor datatypeconversionis specifiedthenit is
first appliedto thecomponentsof theproperty’s valuein orderto compute
thecharactersto bewritten. If thedatatypeis compoundthentheproperty’s
valuesareconvertedindividually, if necessary, andthenwrittenwith adjacent
valuesseparatedby singlespacecharacters.

6.13.1 DTD-specificsemantics

If an attribute declarationspecifiesa default valuethenthe property’s default valueis
computedasif by unmarshallingthedeclaration’sdefault value.

DTDsdonotpermitduplicateattributes,soif two attributeswith thesamenameare
scannedthenaDuplicateAttributeException is thrown.

Attributepropertiesmaynotbedeclaredfor attributesnamede-dtypeanda-dtype,
whichareinterpretedaccordingto theDT4DTD conventions.

Attributesof typeID, IDREF, andIDREFS aregivenspecialtreatmentbeyond the
computationof default valuesandtheenforcementof constraints:

� An attributeof typeID is mappedto astringpropertyasspecifiedbelow. An
additionalfinalstringmethod,id(), isdefinedthatalsoreturnstheproperty’s
value,therebycompletingtheimplementationof theIdentifiableElement
interfacebytheenclosingelementclass.Thismethodis invokedbythebind-
ing framework duringtheunmarshallingandvalidationprocesses.

� An attributeof typeIDREF or IDREFS is mappedto apropertywith thebase
typeIdentifiableElement. Theunmarshallingprocessresolvesidentifier
referencesin the input documentinto the identifiableelementobjectsthat
representthereferentelements.

Bindingconversionsmaynotbeappliedto attributesof typeIDREF andIDREFS.

Datatypes and type constraints Attribute typesin the sourceDTD are mappedto
datatypeswith representationtypes,predicates,andpredicate-failureexceptionsasfol-
lows:

� TheCDATA attributetypemapsto anatomicdatatypewith therepresentation
typeString anda predicatethatacceptsany value,unlessa morespecific
datatypeis specifiedvia the DT4DTD conventions. In the latter casethe
attribute’s elementtype must declarea #FIXED CDATA attribute a-dtype
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whosedefault valueis a sequenceof pairsof attributenamesanddatatype
names.This attribute’s datatypeis namedby thesecondcomponentof the
pairwhosefirst componentis this attribute’sname.

� The ID attribute type mapsto an atomicdatatypewith the representation
typeString anda predicatethatrequiresits argumentto bea stringthatis
avalid XML name,throwing anInvalidNameException uponfailure.

� TheIDREF andIDREFS typesmapto atomicandcompounddatatypes,re-
spectively, with therepresentationtypeIdentifiableElement andapred-
icatethatacceptsany value.

� TheNMTOKEN andNMTOKENS typesmapatomicandcompounddatatypes,re-
spectively, with therepresentationtypeString andapredicatethatrequires
its argumentto be a string that is a valid XML nametoken, throwing an
InvalidNameTokenException uponfailure.

� An enumerationattributetypemapstoanatomicdatatypewith therepresen-
tationtypeString anda predicatethatrequiresits argumentto bea string
thatis amemberof thelist of XML nametokensgivenin theattribute-type
declaration,throwinganInvalidEnumerationValueExceptionuponfail-
ure.

If the attribute declaration’s default componentis #FIXED then the attribute proper-
ty’s predicatefurther requiresits argumentto be the specifiedfixed value,throwing a
FixedValueException uponfailure.

Local structural constraints An attributedeclarationin thesourceDTD mayimposethe
following kindsof localstructuralconstraintsuponaninstanceof theenclosingelement
class:

� If theattributedeclaration’s type is eitherNMTOKENS or IDREFS thenif the
propertyhasa valueits lengthmustbenonzero.If this constraintdoesnot
hold thenanEmptyAttributeValueException is thrown.

� If theattributedeclaration’sdefaultcomponentis #REQUIRED thentheprop-
erty must have a given value. It may be an empty value, e.g., the emp-
ty string, but it must be present. If this constraintdoesnot hold then a
MissingAttributeException is thrown.

Attributesthat arenot explicitly declaredin the sourceDTD mustnot appearin input
elements. If this constraintdoesnot hold then an InvalidAttributeException is
thrown duringunmarshalling.
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Global structural constraints An attributedeclarationin thesourceDTD mayimpose
the following kinds of global structuralconstraintsupon an input document,during
unmarshalling,or uponacontenttree,duringvalidation:

� If theattributedeclaration’stypeisID thentheproperty’svalue,if any, must
beuniquein theinputdocumentorin thecontenttree.If thisconstraintisvio-
latedthenaDuplicateIdentifierException is thrown. Thisconstraintis
automaticallyenforcedby thebindingframework duringtheunmarshalling
andvalidationprocesses.

� If the attribute declaration’s type is IDREF or IDREFS thenduring unmar-
shallingthe attribute’s value(s),if any, in the input documentmustbe the
identifier(s)of elementsin thatdocument.If this constraintis violatedthen
anUndefinedIdentifierException is thrown.

This constraintis enforcedby the binding framework during unmar-
shallingby amechanismthatalsoservesto resolveidentifierreferencesinto
IdentifiableElement objectsin the resultingcontenttree. For this to
work requiresthat the unmarshal methodof the enclosingelementclass
register eachreferencedidentifier by invoking the reference(String,
Validator.Patcher) methodof the given umarshaller’s validator. The
patcherobjectpassedto this methoddefinesa patch methodthat takesa
singleIdentifiableElement object.Thevalidatorwill invokethepatcher,
passingtheresolvedreferent,sometime beforetheunmarshallingprocess
is complete. The patchershould,when invoked, save the referentas the
valueof the original reference.An exampleof how this is doneis shown
in appendixD.2.

� If the attribute declaration’s type is IDREF or IDREFS then the property’s
values,if any, areoneor moremarshallable-elementobjectsthatimplement
theIdentifiableElement interface.

Thevalidationprocessmustensurethateachsuchobjecthasaniden-
tifier, i.e., that the object’s id methodreturnsa non-null value. If this
constraintis violatedthenaMissingAttributeException is thrown.

Thevalidationprocessmustalsoensurethateachsuchobjectisamem-
ber of the samecontenttreeasthe objectcontainingthis property. If this
constraintis violatedthenanExternalReferenceException is thrown.

Bothof theseconstraintsareenforcedby thebindingframeworkduring
validationso long asthevalidate methodof theenclosingelementclass
invokesthegivenvalidator’sreference(IdentifiableElement) method
uponeachreferencedobject.
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6.13.2 Example

We canfinally completethe element-classdeclarationfor the trade elementtype by
addingattribute-propertydeclarations. The attributesof the trade elementtype are
declared:

<!ATTLIST trade
account CDATA #REQUIRED
action ( buy | buy-to-cover | sell | sell-short )

#REQUIRED
duration ( immediate | day | good-til-canceled )

"day" >

Thecorrespondingattribute-propertydeclarations

<element name="trade" type="class" root="true">
<content>
<element-ref name="symbol"/>
...

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

definethefollowing methodsin theTrade class:

public class Trade ... {
public int getAccount();
public void setAccount(int x);
public boolean hasAccount();
public void deleteAccount();
public String getAction();
public void setAction(String x);
public String getDuration();
public void setDuration(String x);
...

}

Thevalueof anaccount attributewill beconvertedtoanintegervalueby thebuilt-in int
conversion.ThesetAction andsetDurationmethodswill onlypermittheirarguments
to have thevaluesspecifiedin theDTD.

6.14 Default binding declarations

Havingdefinedelement-classand-valuedeclarations,content-propertydeclarations,and
attribute-propertydeclarations,we cannow definethe default binding declarationsas-
sumedby theschemacompilerwhena constructin thesourceschemadoesnot have a
correspondingdeclarationin thebindingschema.
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Default binding declarationsoften yield a valid binding schema,but this is not
guaranteed.Every default declarationis subjectto all of theconstraintsthatapply to a
non-default declarationof thesametype. It is theresponsibilityof thebinding-schema
authorto correctthebindingschemasothat theexplicit anddefault declarations,taken
together, arevalid.

Element-type references in property models Supposethat a model-basedcontent-
propertydeclarationdoesnotendwith arest-propertydeclarationanddoesnotcoverthe
entirecontentmodelof the correspondingelement-typedeclaration. If the remaining
componentsof thecontentmodelarereferencesto theelementtypes �
��� 1 � �
��� 2 ������� , then
anelement-referencepropertydeclarationis assumedat theendof thepropertymodel
for eachof the �
����� , in theorderin which they appearin thecontentmodel:

<element name="elt" ...>
<content>

...
<element-ref name=" �
��� 1"/>
<element-ref name=" �
��� 2"/>
...

Content properties Supposethatanelement-classdeclaration,whetherspecifiedexplic-
itly or by default, doesnot containa content-propertydeclaration.If thecorresponding
elementtype’s contentspecificationis a sequencegroupwith a repeatspecificationthat
requiresexactlyonevalue,andif thatgroupconsistsof oneor moreelement-typerefer-
ences,thenthemodel-basedcontent-propertydeclaration

<element name="elt" type="class">
...
<content/>
...

isassumed,andsubsidiaryelement-referencepropertydeclarationsareassumedasabove.
Otherwise,if theelementtype’s contentspecificationis non-empty, i.e., it allows,

but doesnot necessarilyrequire,at leastsomecharacteror elementcontent,then the
generalcontent-propertydeclaration

<element name="elt" type="class">
...
<content property="content"/>
...

is assumed.

Element classes and values Supposethatanelementtypeelt is declaredin thesource
schemabut thereisneitheranelement-classdeclarationnoranelement-valuedeclaration
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for elt in thebindingschema.If elt is simple,i.e., if its contentspecificationallowschar-
actercontentbut noelementcontent,andif it is referencedeitherexplicitly or implicitly
by at leastonemodel-basedcontentproperty, thentheelement-valuedeclaration

<element name="elt" type="value"/>

is assumed.Otherwise,theelement-classdeclaration

<element name="elt" type="class"/>

is assumed.

Attributes Supposethat an element-classdeclaration,whetherspecifiedexplicitly or
by default, doesnot containanattribute-propertydeclarationfor anattributeattr thatis
declaredin the sourceschema.In this casethe following attribute-contentpropertyis
assumed:

<element name="elt" type="class">
...
<attribute name="attr"/>

6.14.1 Example: Restproperties

In combinationwith default element-classdeclarations,rest-contentpropertiesprovide
a verygeneralway to handletheevolution of sourceschemas.Supposethatwe append
a rest-contentpropertyto thepropertymodelof thetrade element-classdeclaration:

<element name="trade" type="class" root="true">
<content>
...
<element-ref name="date"/>
<rest property="rest"/>

Thiswill definea list propertyin theTrade class:

public class Trade ...{
...
public List getRest();
public void deleteRest();
public void emptyRest();
...

}

With the stock-tradeDTD as it stands,this propertywill be constrainedlocally to be
eitherabsentor empty. TheDTD canlaterbeevolvedby extendingthecontentmodel
of thetrade elementtype. Solong astheoriginal contentmodelis a prefix of thenew
model,thebindingschemawill continueto bevalid. Recompilingthenew DTD with the
originalbindingschemawill generateaTrade classwith exactly thesamesignature,but
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therest propertywill beallowedto containelementobjectsin accordancewith thenew
componentsof thetrade elementtype’s contentmodel. If thenew componentsof the
contentmodelrefer to elementtypesfor which elementclasseshave not beendeclared
thendefault element-classdeclarationswill beassumedasdescribedabove.

6.14.2 Example: Default element-referenceproperties

Anotherway to handletheextensionof contentmodelsover time is to take advantage
of thedefault insertionof element-referencedeclarationsinto propertymodelswhena
rest-propertydeclarationis not provided. Suppose,e.g., that the stock-tradeDTD is
extendedwith filled, price, andexchange elementtypesdeclared

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

andthatthecontentmodelof thetrade elementtypeis extendedto

<!ELEMENT trade
( symbol, quantity, limit?, stop?, date, filled? ) >

sothatafilled elementrecordsthedateon which a tradeis executed,theactualprice
at which the sharesweretraded,andthe nameof the exchangeuponwhich they were
traded.

If thesourceDTD is changedin thiswaythenthebindingschemaneednotchange
at all, sincethedefault element-referencedeclaration

<element name="trade" type="class" root="true">
<content>

...
<element-ref name="date"/>
<element-ref name="filled"/>

will be assumedin thepropertymodelof thetrade element-classdeclarationandthe
default element-classand-valuedeclarations

<element name="filled" type="class">
<content/>

<element name="price" type="value"/>
<element name="exchange" type="value"/>

will beassumedfor thenew filled, price, andexchange elementtypes.Recompiling
thenew DTD with theoriginalbindingschemawill generateaTrade classthatcontains
two additionalmethods:

public class Trade ...{
...
public Filled getFilled();
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public void setFilled(Filled x);
...

}

Thenew bindingwill alsodefineanelementclassfor thefilled elementtype:

public class Filled
extends MarshallableObject
implements Element

{
...
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);
...

}

Thisnew classusestheexistingconversionfor thedate elementtypebut treatsthenew
price andexchange elementsassimplestrings.

6.14.3 Example: Compactbinding schemas

Default bindingdeclarationsmake it possibleto write veryshortbindingschemas.The
minimal completebindingschemafor thestock-tradeDTD, e.g., is

<xml-java-binding-schema>
<element name="trade" type="class" root="true"/>

This muchis requiredonly becauseDTDs do not provide a meansfor identifying root
elementtypes; the minimal binding schemafor a sourceschemathat identifiesroot
elementtypesis completelyempty.

The quality of the bindingdefinedby the minimal bindingschemadependsupon
theamountof datatypeinformationin thesourceschema.For a plain DTD suchasthe
stock-tradeexampleit producesasimplebut usablebindingthathasnoconversionsbut
at leastbindssimpleelementtypesdirectly to stringpropertiesand,if nothingelse,can
serve asa guidefor writing a morecompletebindingschemaby overridingthedefault
bindingdeclarations.For a sourceschemathatspecifiesdatatypesthebindingdefined
by theminimal bindingschemais likely to bemoredirectly usable,thoughanexplicit
bindingschemawill still berequiredto specifyadditionalconversionsor to definebetter
bindingsof complex contentmodels.

6.15 Enumeration declarations
An enumerationdeclarationhastheform
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<enumeration name="name" members=" � 1 � 2 ����� ��� "/>

andmayappeareitherat thetop level of thebindingschemaor within anelement-class
declaration.

Source constraints Theenumerationnamemustbeavalid Javaclassname;it mustnot
haveapackageprefix. It mustbeuniquewith respectto thenamesof otherenumerations,
andof all bindingconversions,definedat thesamelexical level of thebindingschema.
If theenumerationis declaredatthetoplevel of thebindingschemathennamemustalso
beuniquewith respectto theinterfacesandelementclassesdeclaredat thatlevel.

Eachmembername��� mustbeavalid XML name.

Result Theschemacompilerdefinesa public final enumeration classof thespecified
name.If thedeclarationappearsat thetop level of thebindingschemathentheclassis
anordinaryclass;if thedeclarationappearswithin anelement-classdeclarationthenthe
new classis astaticinnerclassof thecontainingelementclass.

Theenumerationclassdefinesasetof namedvaluestogetherwith abijectivemap-
ping betweenstringsandthosevalues.Eachvalueis representedby a uniqueinstance
of the classand is namedby a static constantdefinedin the class. An enumeration
classEnumthereforecontainsonepublic, static,andfinal constantof type Enumfor
eachenumerationmember��� . Thenameof eachconstantis computedby applyingthe
name-mappingalgorithmto thecorrespondingmembername.Theresultingcollection
of constantnamesmustnot containany duplicates.

Thebijectivemappingdefinedby anenumerationis implementedby theparse and
toStringmethods;anenumerationclassalsodefinesappropriateequals andhashCode
methods:

public static Enum parse(String str);
public String toString();
public boolean equals(Object ob);
public int hashCode();

� Thestaticparse methodattemptsto mapits stringargumentto oneof the
enumeration’svalues.If amatchis foundthentheappropriatevalueobjectis
returned;otherwise,anIllegalEnumerationValueException is thrown.

� ThetoString methodreturnsthestringassociatedwith theinstanceupon
which it is invoked.

� Theequals methodreturnstrue if, andonly if, its argumentis theobject
uponwhich it is invoked.

� The hashCode methodreturnsthe identity hashcodeof the object upon
which it is invoked.
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An implicit bindingconversionis definedfor everyenumeration.Theconversion’sname
is theenumeration’sname,itsparsemethodis thestaticparsemethodof theenumeration
class,andits print methodis thetoString instancemethodof theenumerationclass.

Scope Enumerationdeclarationsnestlexically within thebindingschema.If anenumer-
ationdeclarationappearswithin anelement-classdeclarationandhasthesamenameas
anenumerationdeclaredatthetoplevel thentheinnermostdeclarationtakesprecedence.

6.15.1 DTD-specificsemantics

If the implicit binding conversiondefinedby an enumerationclassis specifiedin an
attribute-propertydeclarationfor anenumerationattributethenthesetof membernames
specifiedin the enumerationdeclarationmust be identical to the set of nametokens
specifiedin theattributedeclaration.

6.15.2 Example

Enumerationclasses,while perhapsunfamiliar to theaverageprogrammer, leveragethe
Java programminglanguage’s type systemto staticallyenforcethe constraintthat the
valueof a propertymustbea memberof a specificset. With DTDs they aremostoften
usedto defineconversionsfor enumerationattributes,thoughthey canalsobeappliedto
charactercontentvia element-valuedeclarations.

We can,e.g., declarean enumerationclassfor the action attribute of the trade
elementtype:

<enumeration name="Action"
members="buy buy-to-cover sell sell-short"/>

Thisdeclarationwoulddefineanenumerationclasswith 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();
public boolean equals(Object ob);
public int hashCode();

}

The implicitly-defined conversionAction may be specifiedin the declarationof the
action attributeproperty:

<element name="trade" type="class" root="true">
...
<attribute name="action" convert="Action"/>
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Thiswould thendefinea referencepropertyof typeAction in theTrade class:

public class Trade ... {
...
public Action getAction();
public void setAction(Action x);
...

}

Similar declarationsmaybeusedto definea Duration enumerationclassfor usewith
theduration attribute.

6.16 Constructor declarations
A constructordeclarationhastheform

<constructor properties="� 1 � 2 ����� ��� "/>

andmayappearonly within anelement-classdeclaration.

Source constraints Thepropertynames��� , of which theremustbeat leastone,must
bevalid XML namesandmustbeunique.Eachpropertynamemustbeidenticalto the
nameof apropertydefinedin theenclosingelementclass.

Result The schemacompilerdefines,in the classbeinggeneratedfor the containing
element-classdeclaration,a constructorthat takesa parameterof the appropriatetype
for eachof the specifiedproperties. When invoked, the constructorinitializes these
propertieswith the valuespassedin asthe correspondingarguments.The constructor
enforcestypeconstraintsin thesamemannerasthey would beenforcedby a property
mutationmethod.Instancescreatedby invokingthisconstructorwill initially beinvalid.

6.16.1 Example

Theconstructordeclaration

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

definesa constructorin theTrade classfor all of a trade element’s requiredattributes
andcontentexceptfor date, whichweassumewill befilled in later:

public class Trade ... {
Trade(int account, Action action,

String symbol, int quantity);
...

}
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6.17 Interface declarations
An interfacedeclarationhastheform

<interface name="name"
members=" 
 1 
 2 ����� 
�� "
[properties="� 1 � 2 ����� ��� "]/>

andmayappearonly at thetop level of thebindingschema.

Source constraints The interfacenamemustbe a valid Java classname;it mustnot
haveapackageprefix. It mustbeuniquewith respectto theelementclasses,enumeration
classes,andotherinterfacesdeclaredat thetop level of thebindingschema.

Themembernames
�� mustbeunique. Eachmembernamemustbea valid Java
classnameandmustbe the nameof an elementclassor an interfacedeclaredin the
bindingschema.

The propertynamesmust be valid XML namesand must be unique. For each
propertyname��� , eachclassor interface 
�� mustdefinea propertyof thatname.These
propertiesmusthave the samebasetype andcollection type acrosstheseclassesand
interfaces,but they mayhavedifferentpredicatesanddefault values.

Result The schemacompilerdefinesa public interfaceof the specifiedname. Each
memberclass 
�� is declaredto implementthis interface. The interfacedeclaresthe
methodsthatrealizeeachof thespecifiedproperties.

6.17.1 Example

Interfacedeclarationsprovideaway to definea typemorespecificthanthedefault type
MarshallableObject for apropertyto whichacomplex contentcontentspecificationis
bound.Thispartlymimicstheuseof parameterentitiesin DTDsto encapsulatechoices
in element-contentmodels.

Suppose,e.g., that we extend the stock-tradeDTD so that we canalso describe
transfers.Thetransfer elementtypeis similar totrade exceptthatit hasanadditional
requiredattribute,to-account, torepresentthedestinationaccount,andit doesnotallow
limit or stop elementsin its content:

<!ELEMENT transfer ( symbol, quantity, date ) >
<!ATTLIST transfer

account CDATA #REQUIRED
to-account CDATA #REQUIRED >

Theelement-classdeclaration

<element name="transfer" type="class" root="true">
<attribute name="account" convert="int"/>
<attribute name="to-account" convert="int/>
<content>
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<element-ref name="symbol"/>
<element-ref name="quantity"/>
<element-ref name="date"/>

will defineaTransfer classwhosesignaturewill exactlymatchthatof theTrade class
for eachof thesharedpropertiesaccount, symbol, quantity, anddate.

Supposethatwefurtherextendthestock-tradeDTD sothatwecandescribebatches
of transfersandtrades.If thetransaction-batch elementtypeis declared

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

thentheelement-classdeclaration

<element name="transaction-batch" type="class" root="true">
<content>

<choice property="transactions" collection="array"/>

definesaclasswith the(partial)signature

public class TransactionBatch
extends MarshallableRootElement
implements RootElement

{
public MarshallableObject[] getTransactions();
public void setTransactions(MarshallableObject[] x);

}

TheTransactionBatch classissomewhatclumsytouseasit stands:Thearrayreturned
by thegetTransactions methodis of typeMarshallableObject[], sowe mustper-
form instanceof testsandinserttypecastsin orderto makeuseof its content.Wecan
improvethesituationbydeclaringaninterfacethatis implementedbyboththeTrade and
Transfer classesandthatdeclaresthemethodsusedin therealizationsof theircommon
properties.Theinterfacedeclaration

<interface name="Transaction"
members="Trade Transfer"
properties="account symbol quantity date"/>

definestheinterface

public interface Transaction {
public int getAccount();
public void setAccount(int x);
public boolean hasAccount();
public void deleteAccount();
public String getSymbol();
public void setSymbol(String x);
public int getQuantity();
public void setQuantity(int x);
public boolean hasQuantity();
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public void deleteQuantity();
public java.util.Date getDate();
public void setDate(java.util.Date x);

}

which in turn canbe specifiedasthe supertypeof the transactions propertyof the
element-classdeclarationfor thetransaction-batch elementtype:

<element name="transaction-batch" type="class" root="true">
<content>
<choice property="transactions" collection="array"

supertype="Transaction"/>

Thesechangesyield aTransactionBatch classwith thesignature

public class TransactionBatch
extends MarshallableRootElement
implements RootElement

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

}

which obviatesthe needfor instanceof testsand type castinginsofar as tradesand
transactionscanbetreateduniformly.
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A.1 Interfaces

Element javax.xml.bind

interface Element {
void validateThis() throws LocalValidationException;

}

Interface implementedby all elementclasses,that is, classesderived directly from
element-typedeclarations.

For convenience,this interfaceredeclaresthevalidateThis() methoddefinedin
theValidatableObject class. The full specificationof this methodmaybe found in
thatclass.

void validateThis() throws LocalValidationException;

Ensuresthatthis objectdoesnot violateany local structuralconstraints.Thismethodis
exactly thevalidateThis() methoddefinedin theValidatableObject class.
throws InvalidContentException If thechildrenof thisobjectviolatethecontent

specificationof the schemacomponentfrom which this object’s classwas
derived

throws If a propertyderivedfrom arequiredattributehasnovalue
throws MissingContentException If a propertyderivedfrom a requiredcontent

componenthasno value
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IdentifiableElement javax.xml.bind

interface IdentifiableElement
extends Element

{
String id();

}

Interfaceimplementedby elementclassesderivedfrom elementtypescontaininganID
attribute.

String id();

Returnsthis elementobject’s identifier value,or null if its identifier propertyhasnot
beengivenavalue.
returns Thiselement’s ID value,or null if it hasnone

PredicatedLists.Predicate javax.xml.bind

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

}

A predicatefor apredicatedlist.

void check(Object ob);

Checksthatthis predicateholdsfor thegivenobject.
throws RuntimeException If thegivenobjectviolatesthis predicate

RootElement javax.xml.bind

interface RootElement
extends Element

{
void validate() throws StructureValidationException;

}

Interfaceimplementedby all rootelementclasses.
For convenience,this interfaceredeclaresthepublicrootvalidationmethoddefined

in theValidatableObject class.Thefull specificationof thismethodmaybefoundin
thatclass.

void validate() throws StructureValidationException;

Validatesthecontenttreerootedat this object. This methodis exactly thevalidate()
methoddefinedin theValidatableObject class.
throws StructureValidationException If any structuralconstraintsareviolated

A.2 Classes
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Dispatcher javax.xml.bind

final class Dispatcher {
Dispatcher();

void freezeClassMap();
void freezeElementNameMap();
Class lookup(Class mobClass);
Class lookup(String elementName)

throws UnrecognizedElementNameException;
void register(Class mobClass, Class userClass);
void register(String elementName, Class elementClass);

RootElement unmarshal(java.io.InputStream in) throws UnmarshalException;
RootElement unmarshal(javax.xml.marshal.XMLScanner xs)

throws UnmarshalException;
RootElement unmarshal(javax.xml.marshal.XMLScanner xs, Class rootClass)

throws UnmarshalException;
}

A dispatcher is usedto mapelementnamesto classnames,andto initiate the unmar-
shallingprocess.

A dispatchercontainstwo maps,an element-namemap and a classmap. The
element-namemapmapselementnamesto marshallable-objectclasses;the classmap
mapsmarshallable-objectclassesto user-definedsubclasses.

New mappingsmay be registered in eachmap. Eachmapmay alsobe frozenin
orderto guardagainstunwantedconcurrentmodification. The unmarshallingprocess
alwaysfreezesbothmapsof thedispatcherthatit uses.

Dispatcher();

Constructsanew, emptydispatcher.

void freezeClassMap();

Freezesthis dispatcher’s classmap. Further attemptsto register usersubclassesof
schema-derivedmarshallable-objectclasseswill resultin anIllegalStateException
beingthrown.

void freezeElementNameMap();

Freezesthisdispatcher’selement-namemap.Furtherattemptsto registerelementnames
will resultin anIllegalStateException beingthrown.

Class lookup(Class mobClass);

Appliestheclassmapto thegivenmarshallable-objectclass.
returns Theuserclassto which thegivenclassis mapped,or thegivenclassif it has

notbeenmapped
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Class lookup(String elementName)
throws UnrecognizedElementNameException;

Determinestheclassto beusedwhenunmarshallingthegivenelementname.Theclass
to beusedis computedby applyingtheelement-namemapto thegivennameandthen
applyingtheclassmapto theresultingclass.
param elementName Thenon-colonizedelementnamebeinglookedup; mustnot

betheemptystring
returns Theclassto which thegivenelementnameis mapped
throws UnrecognizedElementNameException If no classfor the given element

namecanbefound

void register(Class mobClass, Class userClass);

Registersthegivenuserclasssothatit will beusedin placeof thegivenschema-derived
marshallable-objectclassduringunmarshalling.Requiresthatthisdispatcher’sclassmap
is not frozen.

This methodis providedprimarily sothatusersubclassesof schema-derivedelement
classesmaybedefinedandused.
param mobClass A schema-derivedsubclassof MarshallableObject for which

no classmappinghasyetbeendefined
param userClass Theuser-definedsubclassof mobClass, for whichnoclassmap-

pinghasbeendefined,to beusedin placeof thatclassduringunmarshalling
throws IllegalStateException If this dispatcher’sclassmapis frozen

void register(String elementName, Class elementClass);

Registersthegivenelementnamesothatit will beunmarshalledinto aninstanceof the
givenelementclass.Requiresthatthis dispatcher’selement-namemapis not frozen.
param elementName Thenon-colonizedelementnamebeingregistered;mustnot

betheemptystring
param elementClass Theclassto beusedto unmarshalelementswith thegiven

name;mustextendMarshallableObject andimplementtheElement inter-
face

throws If theelementnamehasalreadybeenregistered
throws IllegalStateException If this dispatcher’selement-namemapis frozen

RootElement unmarshal(java.io.InputStream in)
throws UnmarshalException;

Unmarshalsandvalidatesa contenttreefrom thegiveninput stream.An invocationof
this conveniencemethodbehavesin thesamemannerastheexpression

unmarshal(javax.xml.marshal.XMLScanner.open(in))

param in Theinput streamfrom which datawill beunmarshalled
returns Theroot elementobjectof avalid, unmarshalledcontenttree
throws javax.xml.marshal.ScanIOException If anI/O erroroccurs
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throws javax.xml.marshal.ScanException If the input documentis not well-
formed

throws ValidationException If the input documentviolatestheconstraintsex-
pressedin thesourceschema,or someothervalidationerroris detected

RootElement unmarshal(javax.xml.marshal.XMLScanner xs)
throws UnmarshalException;

Unmarshalsandvalidatesa contenttreeusing the given scanner. After freezingboth
theelement-nameandclassmaps,this methodexaminesthescanner’s currentstarttag,
mapsit to a marshallable-objectclassvia the lookup method,and then invokes the
unmarshal(javax.xml.marshal.XMLScanner, Class) method,passingthescanner
andtheclass.
param xs Thescannerfrom which datawill beunmarshalled
returns Theroot elementobjectof a valid, unmarshalledcontenttree
throws InvalidContentException If thescanneris not currentlypositionedat a

starttag,or if someotherinvalid contentis laterencountered
throws UnrecognizedElementNameException If theelementnamein thecurrent

start tag is not registered,or if someother unrecognizedelementnameis
encountered

throws If anattributethatis notpermittedfor thecurrentelementis scanned
throws javax.xml.marshal.ScanIOException If anI/O erroroccurs
throws javax.xml.marshal.ScanException If the input documentis not well-

formed
throws ValidationException If the input documentviolatestheconstraintsex-

pressedin thesourceschema,or someothervalidationerroris detected

RootElement unmarshal(javax.xml.marshal.XMLScanner xs,
Class rootClass)

throws UnmarshalException;
Unmarshalsandvalidatesa contenttreeusingthegivenscannerandrootelementclass.
After freezingboth the element-nameandclassmaps,this methodinstantiatesa new
Unmarshaller with thisdispatcherandthegivenscanner. It thenusestheunmarshaller
to unmarshalaninstanceof thegivenclassandvalidatetheresultingcontenttree. This
methodclosesthegivenscannerwhenit terminates,whethernormallyor by throwing an
exception.
param xs Thescannerfrom which datawill beunmarshalled
param rootClass Theroot marshallable-objectclassto beinstantiated
returns Theroot elementobjectof a valid, unmarshalledcontenttree
throws InvalidContentException If thescanneris not currentlypositionedat a

starttag,or if someotherinvalid contentis laterencountered
throws UnrecognizedElementNameException If theelementnamein thecurrent

starttagis not theelementnamehandledby thegivenclass,or if someother
unrecognizedelementnameis laterencountered

throws If anattributethatis notpermittedfor thecurrentelementis scanned



76 javax.xml.bind.Dispatcher

throws javax.xml.marshal.ScanIOException If anI/O erroroccurs
throws javax.xml.marshal.ScanException If the input documentis not well-

formed
throws ValidationException If the input documentviolatesthe constraintsex-

pressedin thesourceschema,or someothervalidationerroris detected

MarshallableObject javax.xml.bind

abstract class MarshallableObject
extends ValidatableObject

{
protected MarshallableObject();

void marshal(Marshaller m) throws java.io.IOException;
abstract void unmarshal(Unmarshaller u) throws UnmarshalException;

}

Abstractbaseclassfor objectsthatcanbemarshalledandunmarshalled.Themethodsin
thisclass,in conjunctionwith thosein theMarshaller,Dispatcher,andUnmarshaller
classes,definetheprocessesof marshallingcontenttreesinto XML documentsandvice-
versa.

Thisclassdoesnot implementtheElement interfacebecausesomeschema-derived
classeswill bemarshallablebut will not beelementclasses.

Both marshallingandunmarshallingareoptionaloperationsbecausein someap-
plicationsonly oneor theotheroperationis of interest. If a particularoperationis not
supportedthenanUnsupportedOperationException is thrown whenthecorrespond-
ing methodis invoked.

protected MarshallableObject();

Initializesanew marshallableobject.

void marshal(Marshaller m) throws java.io.IOException;

Marshalsthecontentof thisobject,andits children,usingthegivenmarshaller(optional
operation). Requiresthattheobjectbevalid.

Thismethodmustusethegivenmarshaller’sXMLWriter towrite thecontentof thisob-
ject,andit mustinvokethegivenmarshaller’smarshal(MarshallableObject)method
to marshalany children.

As definedin this class,this methodthrows anUnsupportedOperationException;
it shouldbe overriddenonly by schema-derived classes.This methodshouldonly be
invokedby themarshallingprocess;its behavior wheninvoked in any othermanneris
unspecified.
param m Themarshallerto beused
throws java.io.IOException If anI/O erroroccurs
throws UnsupportedOperationException If this object doesnot supportmar-

shalling
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abstract void unmarshal(Unmarshaller u) throws UnmarshalException;

Unmarshalsanelementor somecharacterdatainto thisobject,convertingdataasneces-
sary, checkingtypeconstraintsandlocal structuralconstraints,andrecordingtheinfor-
mationrequiredto checkglobalstructuralconstraints.

This methodmustusethe given unmarshaller’s XMLScanner to parsethe elements
andattributesrepresentedby this object. It must recursively invoke the given unmar-
shaller’sunmarshal() andunmarshal(Class)methodstounmarshalany subelements.
Finally, it mustinvoke thereference(String, Validator.Patcher) methodof the
marshaller’svalidatorin orderto arrangefor thetargetof eachidentifierreferenceto be
installedoncethereferenceis resolved.

As definedin this class,this methodthrowsanUnsupportedOperationException;
it shouldbe overriddenonly by schema-derived classes.This methodshouldonly be
invokedby theunmarshallingprocess;its behavior wheninvokedin any othermanneris
unspecified.
param u Theunmarshallerto beused
throws javax.xml.marshal.ScanIOException If anI/O erroroccurs
throws javax.xml.marshal.ScanException If thesourcedocumentis notwell-

formed
throws InvalidContentException If the unmarshaller’s scanneris not initially

positionedat an appropriatestarttagor at somecharacterdata,accordingto
whetherthisobjectis to representanelementorcharacterdata,respectively; or
if thisobjectis to representanelementandtheelement’scontentspecification
asdescribedin thesourceschemais violated

throws ValidationException If a typeor structuralconstraintis violatedby the
inputdocument

MarshallableRootElement javax.xml.bind

abstract class MarshallableRootElement
extends MarshallableObject // ValidatableObject
implements RootElement

{
protected MarshallableRootElement();

final void marshal(java.io.OutputStream out) throws java.io.IOException;
final void marshal(javax.xml.marshal.XMLWriter xw)

throws java.io.IOException;
}

Abstractbaseclassfor root elementobjectsthat canbe marshalledandunmarshalled.
Themarshallingmethodsin this class,in conjunctionwith theunmarshallingmethods
definedin theDispatcher classandin everyschema-derivedmarshallablerootelement
class,aretheprimaryentrypointsfor themarshallingandunmarshallingprocesses.

Both marshallingandunmarshallingareoptionaloperationsbecausein someap-
plicationsonly oneor theotheroperationis of interest. If a particularoperationis not
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supportedthenanUnsupportedOperationException is thrown whenthecorrespond-
ing methodis invoked.

Static methods in marshallable root element classes Thisclassonlydefinesmarshalling
methods.Theunmarshallingmethodsassociatedwith aspecificrootclass,aswell asthe
methodfor creatingadefaultdispatcher, mustbestaticmethods.TheJavaprogramming
languagedoesnot supportabstractstatic methods,however, so the schemacompiler
generatesfour staticmethodsin eachmarshallablerootelementclass.For arootelement
classFoo theprimaryunmarshallingmethodhasthesignature

public static Foo unmarshal(javax.xml.marshal.XMLScanner xs,
Dispatcher d)

throws UnmarshalException;

andbehavesexactly thesameastheexpression

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

Theothertwo staticunmarshallingmethodsaresimply conveniencemethodsthatusea
dispatcherobtainedfrom the staticnewDispatcher methodand,in the last case,also
createa new scannerfrom thegiveninputstream:

public static Foo unmarshal(javax.xml.marshal.XMLScanner xs)
throws UnmarshalException;

public static Foo unmarshal(java.io.InputStream in)
throws UnmarshalException;

Finally, thestaticmethodfor creatinganew default dispatcherhasthesignature

public static Dispatcher newDispatcher();

Thismethodcreatesanew dispatcherandinitializesit to mapeachelementnamedefined
in thesourceschemafrom whichtherootelementclasswasderivedto thecorresponding
marshallablerootelementclass.After beinginitializedtheelement-namemapis frozen.
Usersubclassesof schema-derivedmarshallable-objectclassesmaythenberegisteredif
desired.

protected
MarshallableRootElement();

Initializesanew marshallablerootelementobject.

final void marshal(java.io.OutputStream out)
throws java.io.IOException;

Marshalsthecontenttreerootedat this objectto thegivenoutputstream(optionalop-
eration). This conveniencemethodbehavesin exactly thesameway astheexpression
marshal(new XMLWriter(out)).
param xw TheXML writer to beused
throws java.io.IOException If anI/O erroroccurs
throws If thecontenttreerequiresvalidation
throws UnsupportedOperationException If someobjectin thecontenttreedoes

not supportmarshalling
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final void marshal(javax.xml.marshal.XMLWriter xw)
throws java.io.IOException;

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

This methodcreatesa new Marshaller basedupon the given writer, invokes its
marshal(MarshallableObject)method,passingthisobject,andthenflushesthewrit-
er.
param xw TheXML writer to beused
throws java.io.IOException If anI/O erroroccurs
throws If thecontenttreerequiresvalidation
throws UnsupportedOperationException If someobjectin thecontenttreedoes

notsupportmarshalling

Marshaller javax.xml.bind

final class Marshaller {
void marshal(MarshallableObject mob) throws java.io.IOException;
javax.xml.marshal.XMLWriter

writer();
}

A marshallergovernstheprocessof marshallinga valid contenttreeinto anXML doc-
ument.It encapsulatesthewriter usedduringa marshallingoperation,andprovidesthe
basicmarshallingmethod.

Theprocessof marshallingacontenttreebeginswhenoneof themarshal methods
of the tree’s root elementobject is invoked. This methodcreatesa new unmarshaller
from thegivenwriter andinvokesits marshal method,passingtherootobject,andthen
flushesthewriter.

Themarshallingprocessdoesnot validatethecontenttreebeingmarshalled,but it
doesrequirethetreeto bevalid. If aninvalid objectis detectedduringmarshallingthena
ValidationRequiredExceptionwill bethrownandthemarshallingoperationaborted.
This maycausean incompleteXML documentto bewritten; to avoid that,ensurethat
thecontenttreeis valid beforeinvokingamarshal method.

void marshal(MarshallableObject mob) throws java.io.IOException;

Marshalsthegivenmarshallableobjectusingthis marshaller’swriter.
Thismethodinvokesthegivenobject’smarshal(Marshaller) method,passingthis

marshaller.
throws java.io.IOException If anI/O erroroccurs
throws If thegivenobjectrequiresvalidation
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javax.xml.marshal.XMLWriter
writer();

Returnsthewriter to beusedduringthis marshallingoperation.
returns Thewriter

PCData javax.xml.bind

final class PCData
extends MarshallableObject // ValidatableObject
implements Comparable

{
PCData();
PCData(String chars);

String chars();
void chars(String chars);
int compareTo(Object ob);

boolean equals(Object ob);
String getChars();

int hashCode();
void marshal(Marshaller m) throws java.io.IOException;
void setChars(String chars);
void unmarshal(Unmarshaller um) throws UnmarshalException;
void validateThis() throws MissingContentException;

}

Marshallable-objectclassfor parsedcharacterdata.
Instancesof this classareusedto representcharacterdataoccurringin elements

with simplecharactercontentor mixedcontent.
An instanceof this classmustcontaincharacterdatain orderto bevalid.

PCData();

Constructsanew instanceof thisclasswith no characterdata.

PCData(String chars);

Constructsanew instanceof thisclasswith thegivencharacterdata.
param chars Thecharacterdatafor this instance

String chars();

Returnsthecharacterdatain this instance.
returns Thecharacterdata

void chars(String chars);

Changesthecharacterdatain this instance.
param chars Thenew characterdatafor this instance;maynot benull
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int compareTo(Object ob);

Comparesthis object to anotherobject. Two instancesof this classarecomparedby
comparingtheir characterdatain themannerof theString.compareTo method.
param ob Theobjectwith which this objectis to becompared
returns A negative integer, a positive integer, or zeroasthis objectis lessthan,equal

to, or greaterthanthegivenobject
throws ClassCastException If thegivenobjectis notaninstanceof this class

boolean equals(Object ob);

Tellswhetheror not thisobjectis equalto another. Two instancesof thisclassareequal
if, andonly if, their characterdataareequal.
param ob Theobjectwith which this objectis to becompared
returns true if, andonly if, this objectis equalto thegivenobject

String getChars();

Returnsthecharacterdatain this instance.
returns Thecharacterdata

int hashCode();

Returnsahash-codevaluefor this object.
returns A hash-codevalue

void marshal(Marshaller m) throws java.io.IOException;

void setChars(String chars);

Changesthecharacterdatain this instance.
param chars Thenew characterdatafor this instance

void unmarshal(Unmarshaller um) throws UnmarshalException;

void validateThis() throws MissingContentException;

PredicatedLists javax.xml.bind

final class PredicatedLists {
static java.util.List createInvalidating(MarshallableObject mob,

PredicatedLists.Predicate pred,
java.util.List list);

static java.util.List create(MarshallableObject mob,
PredicatedLists.Predicate pred,
java.util.List list);

}
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Lists for implementingschema-derivedlist properties.
A predicatedlist enforcesapredicaterepresentedby anobjectthatimplementsthe

PredicatedLists.Predicate interface. If an attemptis madeto addan object that
doesnotsatisfythepredicatethenanappropriateruntimeexceptionis thrown.

A predicatedlist optionally invalidatesthe marshallableobject with which it is
associatedafter thelist is modifiedin any way. This ensuresthatboththemarshallable
objectandthelist arerevalidatedduringthenext validationoperation.

static java.util.List
createInvalidating(MarshallableObject mob,

PredicatedLists.Predicate pred,
java.util.List list);

Constructsanew invalidatingpredicatedlist.
Thegivenmarshallableobjectwill beinvalidatedeachtime thelist is modified.

param mob The marshallableobject with which the new predicatedlist is to be
associated

param pred Thepredicateto beenforceduponlist elements
param list Thelist thatwill backthenew predicatedlist
returns Thenew predicatedlist

static java.util.List create(MarshallableObject mob,
PredicatedLists.Predicate pred,
java.util.List list);

Constructsanew predicatedlist.
param mob The marshallableobject with which the new predicatedlist is to be

associated
param pred Thepredicateto beenforceduponlist elements
param list Thelist thatwill backthenew predicatedlist
returns Thenew predicatedlist

Unmarshaller javax.xml.bind

final class Unmarshaller {
javax.xml.marshal.XMLScanner

scanner();
MarshallableObject unmarshal() throws UnmarshalException;
MarshallableObject unmarshal(Class mobClass) throws UnmarshalException;

Validator validator();
}

An unmarshallergovernstheprocessof unmarshallinganXML documentinto anewly-
createdcontenttree,validatingthetreeasit isconstructed.It encapsulatesthedispatcher,
scanner, andvalidatorobjectsusedduringanunmarshallingoperation,andit provides
thebasicunmarshallingmethods.

The processof unmarshallinga contenttree begins when one of the unmarshal
methodsof a Dispatcher objectis invoked. (An unmarshallingoperationmayalsobe
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initiatedby invoking oneof thestaticmethodsin eachmarshallableroot elementclass
generatedby theschemacompiler.) Thesemethodsexaminethegivenscanner’scurrent
state,if necessary, in ordertolocatetheelementclasstobeunmarshalled.They thencreate
anew unmarshallerfrom thedispatcher, thegivenscanner, andanew validator. Finally,
the new unmarshaller’s unmarshal(Class) methodis invoked, passingthe element
class. After this methodreturnsthe validatoris usedto resolve any pendingidentifier
referencesandcheckany globalconstraints.

Theunmarshallingprocessmakesthesameguaranteesasthevalidationprocess.If
unmarshallingcompletessuccessfullythenthevalidationpropositionsareguaranteedto
hold for everymemberof theresultingcontenttree. It is alsoguaranteedthatthetarget
of every identifierreferenceexists.

Thisclassdoesnothaveany publicor protectedconstructors;it is intendedonly for
useby theunmarshallingprocess.

javax.xml.marshal.XMLScanner
scanner();

Returnsthescannerto beusedduringthisunmarshallingoperation.
returns Thescanner

MarshallableObject unmarshal() throws UnmarshalException;

Unmarshalsthenext elementin this unmarshaller’s scannerandvalidatestheresulting
instancesubtree.

Thismethodexaminesthescanner’scurrentstarttag,usesthedispatcherto mapit to a
marshallable-objectclass,andthenpassestheresultingclassto theunmarshal(Class)
method.
returns A valid, unmarshalledobject
throws InvalidContentException If thescanneris not currentlypositionedat a

starttag,or if someotherinvalid contentis laterencountered
throws UnrecognizedElementNameException If theelementnamein thecurrent

start tag is not registeredin this unmarshaller’s dispatcher, or if someother
unrecognizedelementnameis laterencountered

throws javax.xml.marshal.ScanIOException If anI/O erroroccurs
throws javax.xml.marshal.ScanException If the input documentis not well-

formed
throws ValidationException If the input documentviolatestheconstraintsex-

pressedin thesourceschema,or someothervalidationerroris detected

MarshallableObject unmarshal(Class mobClass)
throws UnmarshalException;

Unmarshalsthe next elementin this unmarshaller’s scanner, using the given schema-
derivedmarshallable-objectclass,andvalidatestheresultingsubtree.

This methodappliesthe dispatcher’s classmapto the given marshallableclassand
createsaninstanceof theresultingclass.It theninvokestheunmarshal(Unmarshaller)
methodof thenew instance,passingthisunmarshallerin orderto unmarshalrecursively
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theelementandits subelements,if any. Oncethenew instancehasbeenunmarshalledit
is locallyvalidatedby invokingitsvalidateThis()method.If theinstanceimplements
theIdentifiableElement interfaceandhasanidentifierthenthevalidatoris updated
with thatidentifiervalue.
returns A valid, unmarshalledobject
throws If theinstantiatedclassmodifiedtheinstancein any way duringits initial-

ization
throws InvalidContentException If thescanneris not currentlypositionedat a

starttag,or if someotherinvalid contentis laterencountered
throws UnrecognizedElementNameException If theelementnamein thecurrent

starttagis not theelementnamehandledby thegivenclass,or if someother
unrecognizedelementnameis laterencountered

throws javax.xml.marshal.ScanIOException If anI/O erroroccurs
throws javax.xml.marshal.ScanException If the input documentis not well-

formed
throws ValidationException If the input documentviolatesthe constraintsex-

pressedin thesourceschema,or someothervalidationerroris detected

Validator validator();

Returnsthevalidatorto beusedduringthis unmarshallingoperation.
returns Thevalidator

ValidatableObject javax.xml.bind

abstract class ValidatableObject {
final void invalidate();
final void validate() throws StructureValidationException;

void validateThis() throws LocalValidationException;
void validate(Validator vd) throws StructureValidationException;

}

Abstractbaseclassfor all validatableobjects.Themethodsin this class,in conjunction
with thosein theValidator class,definethecontent-treevalidationprocess.

final void invalidate();

Marksthis objectinvalid. An invalid objectwill berevalidatedthenext time its content
treeisvalidated.An invalidobjectwill alsopreventitscontenttreefrombeingmarshalled.

Thismethodis intendedto beinvokedonly by theproperty-mutationmethodsdefined
in schema-derivedclasses.It shouldnotbeinvokedduringtheunmarshallingprocess.

final void validate() throws StructureValidationException;

Validatesthecontenttreerootedat this object,which mustbea rootelement.
Thismethodcreatesanew Validator objectandthenproceedstovalidatethiscontent

treeby invoking thevalidator’svalidate(ValidatableObject) method,passingthis
object. If this recursive processcompletessuccessfullythenthevalidationpropositions
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areknown to hold for everyobjectin thecontenttree.Thismethodthenchecksthatthe
targetof every identifierreferencehasanidentifierandis amemberof thecontenttree.
throws StructureValidationException If any structuralconstraintsareviolated
throws UnsupportedOperationException If this objectis not aninstanceof the

RootElement interface

void validateThis() throws LocalValidationException;

Ensuresthat this objectdoesnot violate any local structuralconstraints.In particular,
this methodensuresthat any requiredpropertieshave beengiven valuesand that the
object’schildrenin thecontenttree,if any, matchthecontentspecificationof theschema
componentfrom whichthisobject’sclasswasderived.Thismethoddoesnotrecursively
validatethis object’schildren.

Thedefault implementationof thismethoddoesnothing;it shouldbeoverriddenonly
byschema-derivedclasses.Thismethodmaybeinvokedoutsideof thenormalvalidation
process.
throws If acollectionpropertyderivedfrom acompoundattributeis empty, but the

sourceschemarequiresat leastonevalue
throws InvalidContentException If thechildrenof thisobjectviolatethecontent

specificationof the schemacomponentfrom which this object’s classwas
derived

throws If a propertyderivedfrom arequiredattributehasnovalue
throws MissingContentException If a propertyderivedfrom a requiredcontent

componenthasno value

void validate(Validator vd) throws StructureValidationException;

Recursively validatesthis object’s children using the given validator and updatesthe
validatorwith any local informationthatis subjectto globalconstraints.

This methodmust invoke the validator’s validate(ValidatableObject) method
upon the children of this object in the contenttree. It must also invoke the valida-
tor’s reference(IdentifiableElement) methodupon the target of eachidentifier-
referencepropertyin this object.

Thedefault implementationof thismethoddoesnothing;it shouldbeoverriddenonly
by schema-derivedclasses.Thismethodmayonly beinvokedby thevalidationprocess;
its behavior wheninvokedin any othermanneris unspecified.
param vd Thevalidatorto beappliedto this object’schildren
throws StructureValidationException If any structuralconstraintsareviolated

Validator javax.xml.bind

final class Validator {
void reference(IdentifiableElement elt) throws MissingIdentifierException;
void reference(String id, Validator.Patcher p);
void validate(ValidatableObject vob) throws StructureValidationException;

}
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A validator governsthe processof validating a contenttree. It suppliesthe central
validationmethod,validate, methodsfor recordingandresolvingidentifierreferences,
andtheinternallogic requiredto validateglobalstructuralconstraints.

The processof validatinga contenttreebegins whenthe validate() methodof
the tree’s root elementobject is invoked. This methodcreatesa new validator and
thenproceedsto validatethecontenttreeby invoking thevalidator’svalidate method,
passingtheroot object.

Thevalidator’svalidatemethodensuresthatthefollowingvalidationpropositions
aretrueof its argumentobject:

1. Theobjecthasnot yet beenvisitedduringthis validation,i.e., that it is not
partof acycle;

2. Theobjectis locally valid, i.e., thatits validateThis() methodwouldnot
throw aLocalValidationException if invoked;andthat

3. If theobjectimplementstheIdentifiableElement interfacethenits iden-
tifier, if notnull, is uniqueamongtheidentifierssofarencounteredduring
thisvalidation.

Thevalidator’s validate methodalsoinvokesits argument’s validate(Validator)
method,passingthevalidatoritself, in orderto:

� Ensurethattheabovepropositionsaretrueof its argument’schildrenin the
contenttree,if any; andto

� Arrangeto ensurebeforethe endof thevalidationprocessthat the targets
of any identifier-referencepropertiesin the objecthave identifiersandare
membersof thecontenttreebeingvalidated.

Eachvalidatableobject’s validate(Validator) methodrecursively validatestheob-
ject’s children,if any, by invoking thevalidator’svalidate methoduponthem. It also
invokesthevalidator’sreference(IdentifiableElement) methoduponthetargetof
eachidentifier-referencepropertyin theobject.

If thisrecursiveprocesscompletessuccessfullythenthepropositionsdefinedabove
are known to hold for every object in the contenttree. The root elementobject’s
validate() methodthen checksthat the target of every identifier referencehasan
identifierandis a memberof thecontenttree.

Validatorsarealsousedduringtheunmarshallingprocessto validateancontenttree
as it is beingunmarshalled.The validationprocessis slightly differentwhencarried
out duringunmarshalling,althoughtheguaranteesthat it makesareidentical. Thereis
no needto checkfor cycles, in particular, sincethat propositionis guaranteedby the
linear natureof the unmarshallingprocess. It is necessary, however, to arrangethat
identifiersreferringto elementsthathave not yet beenunmarshalledberesolvedbefore
theunmarshallingprocessis complete.This requirementis supportedby thevalidator’s
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reference(String, Validator.Patcher) method,which takes a patcher object
that representsthe unresolved reference. The unmarshallingprocessensuresthat all
referencesareresolvedbeforeit completes.It alsoensuresthatall patchersareinvoked
with thetargetsof theirreferencessothatappropriatelinks canbeinstalledin theobjects
referringto thosetargets.

Thisclassdoesnothaveany publicor protectedconstructors;it is intendedonly for
useby thevalidationandunmarshallingprocesses.

void reference(IdentifiableElement elt)
throws MissingIdentifierException;

Recordsthefactthata referencehasbeenmadeto thegivenidentifiableelementobject.
This methodarrangesto ensurebeforetheendof thevalidationprocessthat the given
objectis amemberof thecontenttreebeingvalidated.
param elt Thereferencedelementobject
throws MissingIdentifierException If theargumentdoesnothaveanidentifier

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

Recordsthe fact that a referencehasbeenmadeto an elementobjectwith the given
identifier, andregistersa patcherfor later invocation. This methodarrangesto ensure
beforetheendof theunmarshallingprocessthatthegivenidentifieris resolvedandthat
thepatcheris invokedwith thetargetof thereference.
param id Theidentifiervaluebeingreferenced
param patcher Thepatcherto beinvokedaftertheidentifieris resolved

void validate(ValidatableObject vob)
throws StructureValidationException;

Validatesthegivenobject.
This methodensuresthat the validation propositionshold for the given object. It

alsoinvokesthegivenobject’s validate(Validator) method,passingthis validator,
in order to ensurethat the propositionsare true of the given object’s childrenand to
arrangeto ensurebeforetheendof thevalidationprocessthatthetargetsof any identifier-
referencepropertiesin this objecthave identifiersandaremembersof thecontenttree
beingvalidated.

Thismethodisnotintendedtobeinvokedoutsideof thevalidationprocess;itsbehavior
wheninvokedin any othermanneris unspecified.
param vob Theobjectto bevalidated
throws If theobjecthasalreadybeenvisitedduringthis validation,in which case

thereis acycle in this contenttree
throws If theobjecthasanidentifierthatis thesameastheidentifierof someother

objectin this contenttree
throws StructureValidationException If someothervalidationfailure is de-

tected
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Validator.Patcher javax.xml.bind

static abstract class Validator.Patcher {
Validator.Patcher();

abstract void patch(IdentifiableElement target);
}

A patcher representsanunresolvedidentifierreference.
Whenunmarshallingacontenttree,patchersareusedto installreferencestoelement

objectsthat mayhave yet to be unmarshalled.A patcherhasa singlemethod,patch,
which is guaranteedto be invokedsometime after the referenceis resolvedbut before
theunmarshallingprocessis complete.Whenthemethodis invoked,thetargetelement
of thereferenceis passedasits singleargument.

In typical usean anonymousinner subclassof this abstractclassis createdand
passedto thereference(String, Validator.Patcher) method:

vd.reference(id, new Patcher()
public void patch(IdentifiableElement target)

link = (Type)target;
);

wherevd is thevalidatorbeingused,id is the identifierbeingreferenced,andType is
theexpectedtypeof thereferent.

Thisclassis intendedtobeinstantiatedonlybyschema-derivedunmarshallingcode.

Validator.Patcher();

abstract void patch(IdentifiableElement target);

Patchmethod,guaranteedto beinvokedsometimeafterthereferencerepresentedby this
patcheris resolved.
param target Thetargetof thereference

A.3 Checkedexceptions

ConversionException javax.xml.bind

class ConversionException
extends UnmarshalException // Exception

{
ConversionException(String desc);
ConversionException(String desc, Throwable x);

Throwable getCause();
void printStackTrace(java.io.PrintStream out);

}
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Checked exceptionthrown by an XML scannerwhen an I/O error occurs. The I/O
exceptionthatis thrown is wrappedwithin this exception.

ConversionException(String desc);

Constructsanew instanceof this class.
param desc A descriptionof componentbeingconverted

ConversionException(String desc, Throwable x);

Constructsanew instanceof this class.
param desc A descriptionof componentbeingconverted
param cause Theexceptionthatwasthrown duringconversion

Throwable getCause();

RetrievestheThrowable thatcausedthis exception.
returns Thethrowable

void printStackTrace(java.io.PrintStream out);

GlobalValidationException javax.xml.bind

abstract class GlobalValidationException
extends StructureValidationException // ValidationException

{
}

InvalidContentException javax.xml.bind

class InvalidContentException
extends LocalValidationException // StructureValidationException

{
InvalidContentException(String );

String getMessage();
}

InvalidContentException(String );

String getMessage();

LocalValidationException javax.xml.bind

abstract class LocalValidationException
extends StructureValidationException // ValidationException

{
}
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MissingContentException javax.xml.bind

class MissingContentException
extends LocalValidationException // StructureValidationException

{
MissingContentException(String );

String getMessage();
}

MissingContentException(String );

String getMessage();

MissingIdentifierException javax.xml.bind

class MissingIdentifierException
extends GlobalValidationException // StructureValidationException

{
MissingIdentifierException();

}

MissingIdentifierException();

StructureValidationException javax.xml.bind

abstract class StructureValidationException
extends ValidationException // UnmarshalException

{
}

TypeValidationException javax.xml.bind

class TypeValidationException
extends ValidationException // UnmarshalException

{
TypeValidationException(TypeConstraintException tcx);

TypeConstraintException getException();
}

Checked exceptionthrown whena TypeConstraintException is thrown during un-
marshalling.Thatexceptionis wrappedwithin this exception.

TypeValidationException(TypeConstraintException tcx);

ConstructsaninstancewrappingthegivenTypeConstraintException.
param tcx TheTypeConstraintException to bewrapped
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TypeConstraintException
getException();

ReturnstheTypeConstraintException wrappedwithin thisexception.
returns TheTypeConstraintException wrappedwithin this exception

UnmarshalException javax.xml.bind

abstract class UnmarshalException
extends Exception

{
protected UnmarshalException();
protected UnmarshalException(javax.xml.marshal.ScanPosition pos);
protected UnmarshalException(javax.xml.marshal.ScanPosition pos,

String desc);
protected UnmarshalException(String desc);

final javax.xml.marshal.ScanPosition
getPosition();

final void initPosition(javax.xml.marshal.ScanPosition sp);
}

Abstractchecked-exceptionclassfor exceptionsthrown whenerrorsoccurduring un-
marshalling.

Unmarshallingerrorsfall into threecategories,eachof whichhasaspecificsubclass
of this class:

� A javax.xml.marshal.ScanException is thrown whenthe input docu-
mentis not well-formedor whenanI/O erroroccurs.

� A ValidationException is thrown whena violation of a constraintex-
pressedin thesourceschemais detected.

� A ConversionException is thrown when a binding conversion’s parse
methodthrowsanexception.

Validation exceptionsare further subdivided as describedin the specificationof the
ValidationException class.

protected UnmarshalException();

Initializesanew instanceof this class.

protected UnmarshalException(javax.xml.marshal.ScanPosition pos);

Initializesanew instanceof this classwith thegivenscanposition.
param pos Thescanposition
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protected UnmarshalException(javax.xml.marshal.ScanPosition pos,
String desc);

Initializesanew instanceof this classwith thegivenscanpositionanddescription.
param pos Thescanposition
param desc Thedescription

protected UnmarshalException(String desc);

Initializesanew instanceof this classwith thegivendescriptionandno scanposition.
param desc Thedescription

final javax.xml.marshal.ScanPosition
getPosition();

Returnsthisexception’sscanposition,or null if thescanpositionis undefined.
returns Thisexception’sscanposition

final void initPosition(javax.xml.marshal.ScanPosition sp);

Setsthis exception’sscanposition.Onceset,thescanpositionmaynotbesetagain.
param sp Thescanposition
throws IllegalStateException If thescanpositionhasalreadybeenset

UnrecognizedElementNameException javax.xml.bind

class UnrecognizedElementNameException
extends InvalidContentException // LocalValidationException

{
UnrecognizedElementNameException(String );

String getElementName();
String getMessage();

}

UnrecognizedElementNameException(String );

String getElementName();

String getMessage();

ValidationException javax.xml.bind

abstract class ValidationException
extends UnmarshalException // Exception

{
}
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A.4 Uncheckedexceptions

TypeConstraintException javax.xml.bind

class TypeConstraintException
extends RuntimeException

{
}
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B.1 Classes

DocumentScanPosition javax.xml.marshal

final class DocumentScanPosition
extends ScanPosition

{
DocumentScanPosition(org.w3c.dom.Node node);

org.w3c.dom.Node node();
}

An objectdescribingascanner’s positionin aDOM tree.
A document-scanposition containsa referenceto the DOM nodeat which the

scanneris currentlypositioned.

DocumentScanPosition(org.w3c.dom.Node node);

Constructsanew scanpositionwith thegivennode.
param node Thenode;mustnotbenull

org.w3c.dom.Node node();

Returnsthis scanposition’snode
returns Thisposition’snode

ScanPosition javax.xml.marshal

abstract class ScanPosition {
}

A descriptionof a scanner’s position. Scanpositionsareusedto reportthelocationsof
bothwell-formednessandvalidity errorsencounteredduring unmarshalling.Dif ferent
typesof scanpositionsaredefinedbythesubclassesof thisclassaccordingtothedifferent
typesof input thatcanbescanned:StreamScanPosition objectsarecreatedby stream
scanners,andDocumentScanPosition objectsarecreatedby DOM-treescanners.
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StreamScanPosition javax.xml.marshal

final class StreamScanPosition
extends ScanPosition

{
StreamScanPosition(int line);
StreamScanPosition(int line, int col);
StreamScanPosition(int line, int col, String uri);

int column();
int line();

String toString();
String uriString();

}

An objectdescribingascanner’spositionin aninput stream.
A stream-scanpositioncontainsa line numberandanoptionalcolumnnumberand

sourceURI.
Bothlineandcolumnnumbersstartatone.LinesareterminatedbyaLINE FEEDchar-

acter(’\u000A’), a CARRIAGE RETURNcharacter(’\u000D’), or a CARRIAGE-RETURN

characterfollowedimmediatelybyaLINE FEEDcharacter. Columnsarecountedin terms
of sixteen-bitUnicodecharacters,in UTF-16,ratherthanbytesin any particularencoding.

StreamScanPosition(int line);

Constructsanew scanpositionwith thegivenline, column,andsourceURI.
param line Theline number, a positive integer

StreamScanPosition(int line, int col);

Constructsanew scanpositionwith thegivenline, column,andsourceURI.
param line Theline number, a positive integer
param col Thecolumnnumber, or zeroif thecolumnnumberis not known

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

Constructsanew scanpositionwith thegivenline, column,andsourceURI.
param line Theline number, a positive integer
param col Thecolumnnumber, or zeroif thecolumnnumberis not known
param uri ThesourceURI string,or null if thesourceURI is not known

int column();

Returnsthisposition’scolumnnumber.
returns Thisposition’scolumnnumber, apositive integer, or zeroif it is not known

int line();

Returnsthisposition’s line number.
returns Thisposition’s line number, apositive integer
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String toString();

Returnsastringdescribingthis position.
Thereturnedstringhastheformaturi : line i , column j, whereuri is theURI, i

is the line number, and j is thecolumnnumber. If theURI is not known thentheURI
andthecolonandspacecharactersthatfollow it areomitted;if thecolumnnumberis not
known thenthecolumnnumberandthecommaandspacecharactersthatprecedeit are
omitted.
returns A stringdescribingthis position

String uriString();

Returnsthis position’ssourceURI.
returns Thisposition’ssourceURI, or null if it is not known
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XMLScanner javax.xml.marshal

abstract class XMLScanner {
static final int WS_COLLAPSE;
static final int WS_NORMALIZE;
static final int WS_PRESERVE;

XMLScanner();
abstract boolean atAttribute();
abstract boolean atAttributeValue();
abstract boolean atAttributeValueToken();
abstract boolean atChars(int whitespace) throws ScanException;
abstract boolean atEnd() throws ScanException;
abstract boolean atEndOfDocument()

throws javax.xml.bind.InvalidContentException,
ScanException;

abstract boolean atEnd(String name) throws ScanException;
abstract boolean atStart() throws ScanException;
abstract boolean atStart(String name) throws ScanException;

abstract void close() throws ScanIOException;
static XMLScanner open(java.io.InputStream in) throws ScanException;
static XMLScanner open(org.w3c.dom.Document doc) throws ScanException;

abstract String peekStart()
throws javax.xml.bind.InvalidContentException,

ScanException;
abstract ScanPosition position();

abstract String takeAttributeName()
throws javax.xml.bind.InvalidContentException,

ScanException;
final String takeAttributeValue()

throws javax.xml.bind.InvalidContentException,
ScanException;

abstract String takeAttributeValue(int whitespace)
throws javax.xml.bind.InvalidContentException,

ScanException;
abstract String takeAttributeValueToken()

throws javax.xml.bind.InvalidContentException,
ScanException;

abstract String takeChars(int whitespace)
throws javax.xml.bind.InvalidContentException,

ScanException;
final void takeEmpty(String name)

throws javax.xml.bind.InvalidContentException,
ScanException;

abstract String takeEnd()
throws javax.xml.bind.InvalidContentException,

ScanException;
abstract void takeEndOfDocument()

throws javax.xml.bind.InvalidContentException,
ScanException;

abstract void takeEnd(String name)
throws javax.xml.bind.InvalidContentException,

ScanException;
final String takeLeaf(String name, int whitespace)

throws javax.xml.bind.InvalidContentException,
ScanException;

abstract String takeStart()
throws javax.xml.bind.InvalidContentException,

ScanException;
abstract void takeStart(String name)

throws javax.xml.bind.InvalidContentException,
ScanException;

abstract void tokenizeAttributeValue()
throws javax.xml.bind.InvalidContentException,

ScanException;
}
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A scannerof XML input streamsor datastructures.
WhenunmarshallingXML intoacontenttreeit isnotnecessarytouseafull-fledged

XML parserbecauseschema-derivedclassesenforceall validity constraintsaswell as
thefollowing non-localwell-formednessconstraintsof theXML  1.0specification:

� Elementtype match: The namein an element’s end-tagmust matchthe
elementtypein its start-tag.

� UniqueAtt Spec:No attributenamemayappearmorethanoncein thesame
start-tagor empty-elementtag.

An XML scannerthereforeenforcesonly the remaininglexical well-formednesscon-
straintsof XML  1.0.

An XML scanneris in oneof thefollowing states:

� Start: Thescanneris positionedat a starttag. This statemaybefollowed
by theAttributeName, Chars, Start, or Endstates.An emptytag,that is, a
tagof theform <foo/>, will yield theStartstatefollowedby theEndstate,
possiblywith someinterveningattributestates.

� AttributeName:Thescanneris positionedat anattributename. This state
maybefollowedonly by theAttributeValuestate.Thisstatewill beentered
exactly oncefor eachattributethat is read.Attributesarereadin theorder
in which they appearin theinput document.

� AttributeValue: The scanneris positionedat an attributevalue. This state
maybefollowedby theAttributeName, Chars, Start, or Endstates.If the
tokenizeAttributeValue methodis invokedthenthis statemayalsobe
followedby theAttributeValueTokenstate.

� AttributeValueToken: The scanneris positionedat oneof the tokensof a
tokenizedattributevalue.Thisstatemaybefollowedby theAttributeValue-
Token, AttributeName, Chars, Start, or Endstates.

� Chars: Thescanneris positionedatsomecharactercontent.Thisstatemay
befollowedby theStartor Endstates.

� End: Thescanneris positionedat anendtag. This statemaybe followed
by theChars, Start, End, or EndOfDocumentstates.

� EndOfDocument:Thescannerhasreachedtheendof theinput document,
atwhichpoint it closesitself. Thestateof thescannerwill not changeafter
it reachesthis state.
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For eachstateFoo thereis at leastoneof eachof thefollowing kindsof methods:

� MethodsnamedatFooreturnabooleanvalueindicatingwhetherthescanner
is in theFoostateandpossiblywhethersomeotherconditionholds.

� Methodsnamedtake Foocheckthatthescanneris in theFoostate;if so,a
relevantvalueis returnedandthescanneris (in mostcases)advancedto the
next state. A javax.xml.bind.InvalidContentException is thrown if
thescanneris not in theFoo state.

Themethodsfor readingattributevaluesandcharacterdatatakeawhitespace parameter,
oneof the constantsWS_COLLAPSE, WS_NORMALIZE, or WS_PRESERVE, indicatinghow
whitespaceis to beprocessed.Whitespaceis definedhereexactly asin theXML  1.0
specification:A whitespacecharacteris oneof TAB (’\u0009’), LINE FEED(’\u000A’),
CARRIAGERETURN (’\u000D’), or SPACE (’\u0020’).

This classalsodefinesa methodfor retrieving the scanner’s positionandfactory
methodsfor creatingscannersthatreadbyte-inputstreamsandscannersthatreadDOM
trees.

XMLScanner();

abstract boolean atAttribute();

Testswhetherthescanneris positionedat anattributename.
returns true if thescanner’sstateis AttributeName

abstract boolean atAttributeValue();

Testswhetherthescanneris positionedat anattributevalue.
returns true if thescanner’sstateis AttributeValue

abstract boolean
atAttributeValueToken();

Testswhetherthescanneris positionedat anattribute-valuetoken.
returns true if thescanner’sstateis AttributeValueToken

abstract boolean atChars(int whitespace) throws ScanException;

Testswhetherthescanneris positionedat somecharacterdata.
If thevalueof thewhitespace parameteris WS_COLLAPSE thenany initial whitespace

is first skipped.
param whitespace Determineshow whitespacein thecharacterdatawill behan-

dled;mustbeoneof WS_COLLAPSE, WS_NORMALIZE, or WS_PRESERVE
returns true if thescanner’sstateis Chars
throws IllegalStateException If this methodhasalreadybeeninvokedfor the

currentstatebut with adifferentvaluefor thewhitespace parameter
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs
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abstract boolean atEnd() throws ScanException;

Skipswhitespace,if any, andthentestswhetherthescanneris positionedatanendtag.
returns true if, afterskippingwhitespace,thescanner’s stateis End
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

abstract boolean
atEndOfDocument()

throws javax.xml.bind.InvalidContentException, ScanException;
Skipswhitespace,if any, andthentestswhetherthescannerhasreachedtheendof the
input document.
returns true if, afterskippingwhitespace,thescanner’s stateis End
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

abstract boolean atEnd(String name) throws ScanException;

Skipswhitespace,if any, andthentestswhetherthescanneris positionedat anendtag
with thegivenname.
param name Theelementnameto betested
returns true if, afterskippingwhitespace,thescanner’s stateis Endandthenamein

thetagis equalto name
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

abstract boolean atStart() throws ScanException;

Skipswhitespace,if any, andthentestswhetherthescanneris positionedata starttag.
returns true if, afterskippingwhitespace,thescanner’s stateis Start
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

abstract boolean atStart(String name) throws ScanException;

Skipswhitespace,if any, andthentestswhetherthescanneris positionedat a starttag
with thegivenname.
param name Theelementnameto betested
returns true if, afterskippingwhitespace,thescanner’sstateis Startandthenamein

thetagis equalto name
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

abstract void close() throws ScanIOException;

Closesthisscanner.
If this scannerwascreatedfrom abyte-inputstreamthentheinput streamis closed.

throws ScanIOException If anI/O erroroccurs
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static XMLScanner open(java.io.InputStream in)
throws ScanException;

Createsa new scannerthatreadsanXML documentfrom thegiveninput stream.
param in Theinput streamto bescanned
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

static XMLScanner open(org.w3c.dom.Document doc)
throws ScanException;

Createsa new scannerthatscansthegivenDOM tree.
param doc Thedocumentto bescanned
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

abstract String peekStart()
throws javax.xml.bind.InvalidContentException, ScanException;

Skipswhitespace,if any, andthenreadsthecurrentstarttag.
returns Thenamein thecurrentstarttag
throws javax.xml.bind.InvalidContentException If, after skippingwhites-

pace,thescanner’s stateis notStart
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

abstract ScanPosition position();

Returnsanew scan-positionobjectreportingthescanner’s currentposition.
returns A scan-positionobject

abstract String takeAttributeName()
throws javax.xml.bind.InvalidContentException, ScanException;

Readsthecurrentattributenameandthenadvancesthescannerto thenext state.
returns Thecurrentattributename
throws javax.xml.bind.InvalidContentException If thescanner’sstateis not

AttributeName
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

final String takeAttributeValue()
throws javax.xml.bind.InvalidContentException, ScanException;

Readsthecurrentattributevalue,collapsingwhitespace,andthenadvancesthescanner
to thenext state.

An invocationof this methodbehaves in exactly the sameway asan invocationof
the takeAttributeValue(int) method,passingWS_COLLAPSE for the whitespace
argument.
returns Thecurrentattributevalue
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throws javax.xml.bind.InvalidContentException If thescanner’sstateis not
AttributeValue

throws ScanException If input that is not lexically well-formedis scanned,or if
anI/O erroroccurs

abstract String takeAttributeValue(int whitespace)
throws javax.xml.bind.InvalidContentException, ScanException;

Readsthecurrentattributevalueandthenadvancesthescannerto thenext state.
param whitespace Determineshow whitespacein theattributevaluewill behan-

dled;mustbeoneof WS_COLLAPSE, WS_NORMALIZE, or WS_PRESERVE
returns Thecurrentattributevalue
throws javax.xml.bind.InvalidContentException If thescanner’sstateis not

AttributeValue
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

abstract String
takeAttributeValueToken()

throws javax.xml.bind.InvalidContentException, ScanException;
Readsthecurrentattribute-valuetokenandthenadvancesthescannerto thenext state.
returns Thecurrentattribute-valuetoken
throws javax.xml.bind.InvalidContentException If thescanner’sstateis not

AttributeValueToken
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

abstract String takeChars(int whitespace)
throws javax.xml.bind.InvalidContentException, ScanException;

Readsthecurrentcharacterdataandthenadvancesthescannerto thenext state.
param whitespace Determineshow whitespacein thecharacterdatawill behan-

dled;mustbeoneof WS_COLLAPSE, WS_NORMALIZE, or WS_PRESERVE
returns Thecurrentcharacterdata
throws javax.xml.bind.InvalidContentException If thescanner’sstateis not

Chars
throws IllegalStateException If the atChars methodhasalreadybeenin-

vokedfor thecurrentstatebut with a differentvaluefor thewhitespace pa-
rameter

throws ScanException If input that is not lexically well-formedis scanned,or if
anI/O erroroccurs

final void takeEmpty(String name)
throws javax.xml.bind.InvalidContentException, ScanException;

Takesanemptytag.
This methodtakesa starttagwith thegivennameandthentakesanendtagwith the

samename.
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param name Theelementnameof theexpectedstartandendtags
throws javax.xml.bind.InvalidContentException If theexpectedtagscannot

bescanned
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

abstract String takeEnd()
throws javax.xml.bind.InvalidContentException, ScanException;

Skipswhitespace,if any, readsthecurrentendtag,andthenadvancesthescannerto the
next state.
returns Thenamein thecurrentendtag
throws javax.xml.bind.InvalidContentException If, after skippingwhites-

pace,thescanner’s stateis notEnd
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

abstract void takeEndOfDocument()
throws javax.xml.bind.InvalidContentException, ScanException;

Skipswhitespace,if any, andthenchecksthat the scannerhasreachedthe endof the
inputdocument.
throws javax.xml.bind.InvalidContentException If, after skippingwhites-

pace,thescanner’s stateis notEnd
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

abstract void takeEnd(String name)
throws javax.xml.bind.InvalidContentException, ScanException;

Skipswhitespace,if any, checksthat the currentendtag’s nameis equalto the given
name,andthenadvancesthescannerto thenext state.
param name Theelementnameto bescanned
throws javax.xml.bind.InvalidContentException If, after skippingwhites-

pace,the scanner’s stateis not End and the namein the tag is not equalto
name

throws ScanException If input that is not lexically well-formedis scanned,or if
anI/O erroroccurs

final String takeLeaf(String name, int whitespace)
throws javax.xml.bind.InvalidContentException, ScanException;

Takesasimpleleaf element.
This methodtakesstart tag with the given name,takesa sequenceof characters,if

present,takesanendtagwith thegivenname,andthenreturnsthecharacterdata,if any.
param name Theelementnameof theexpectedstartandendtags
param whitespace Determineshow whitespacein thecharacterdatawill behan-

dled;mustbeoneof WS_COLLAPSE, WS_NORMALIZE, or WS_PRESERVE
returns Thecharacterdata,or null if nocharacterdatawasscanned
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throws javax.xml.bind.InvalidContentException If theexpectedtagsandthe
characterdatacannotbescanned

throws ScanException If input that is not lexically well-formedis scanned,or if
anI/O erroroccurs

abstract String takeStart()
throws javax.xml.bind.InvalidContentException, ScanException;

Skipswhitespace,if any, readsthecurrentstarttag,andthenadvancesthescannerto the
next state.
returns Thenamein thecurrentstarttag
throws javax.xml.bind.InvalidContentException If, after skipping whites-

pace,thescanner’sstateis notStart
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs

abstract void takeStart(String name)
throws javax.xml.bind.InvalidContentException, ScanException;

Skipswhitespace,if any, checksthat the currentstart tag’s nameis equalto the given
name,andthenadvancesthescannerto thenext state.
param name Theelementnameto bescanned
returns Thenamein thecurrentstarttag
throws javax.xml.bind.InvalidContentException If, after skipping whites-

pace,the scanner’s stateis not Start andthe namein the tag is not equalto
name

throws ScanException If input that is not lexically well-formedis scanned,or if
anI/O erroroccurs

abstract void
tokenizeAttributeValue()

throws javax.xml.bind.InvalidContentException, ScanException;
Readsthe currentattribute’s valueasa sequenceof non-whitespacetokens,returning
themin succeedingAttributeValueToken states. If the currentattribute’s valueis only
whitespacethenthenext statewill notbeAttributeValueToken.
throws javax.xml.bind.InvalidContentException If thescanner’sstateis not

AttributeValue
throws ScanException If input that is not lexically well-formedis scanned,or if

anI/O erroroccurs
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XMLWriter javax.xml.marshal

class XMLWriter {
XMLWriter(java.io.OutputStream out) throws java.io.IOException;
XMLWriter(java.io.OutputStream out, String enc)

throws java.io.UnsupportedEncodingException, java.io.IOException;
XMLWriter(java.io.OutputStream out, String enc, boolean declare)

throws java.io.UnsupportedEncodingException, java.io.IOException;
void attributeName(String name) throws java.io.IOException;
void attribute(String name, String value) throws java.io.IOException;
void attributeValue(String value) throws java.io.IOException;
void attributeValueToken(String token) throws java.io.IOException;
void chars(String chars) throws java.io.IOException;
void close() throws java.io.IOException;
void doctype(String root, String dtd) throws java.io.IOException;
void end(String name) throws java.io.IOException;
void flush() throws java.io.IOException;
void inlineLeaf(String name) throws java.io.IOException;
void inlineLeaf(String name, String chars) throws java.io.IOException;
void leaf(String name) throws java.io.IOException;
void leaf(String name, String chars) throws java.io.IOException;
void setQuote(char quote);
void start(String name) throws java.io.IOException;

}

A writer of XML outputstreams.
An XML writer knowshardlyanythingaboutXML documentwell-formedness,to

saynothingof validity. It reliesupontheinvoker to ensurethatthegenerateddocument
is well-formedand,if required,valid.

Note: Thisclassis incomplete.In thenext draft it will beextendedto moreclosely
mimic XMLScanner, andto supportoutputto bothSAX streamsandDOM documents.

XMLWriter(java.io.OutputStream out) throws java.io.IOException;

Createsa new writer that will write to the given byte-outputstreamusingthe UTF-8
encoding.An initial XML declarationwill bewritten to thestream.
param out Thetargetbyte-outputstream
throws java.io.IOException If anI/O erroroccurs

XMLWriter(java.io.OutputStream out, String enc)
throws java.io.UnsupportedEncodingException,

java.io.IOException;
Createsa new writer that will write to the given byte-outputstreamusing the given
encoding.An initial XML declarationwill bewritten to thestream.
param out Thetargetbyte-outputstream
param enc Thecharacterencodingto beused
throws java.io.IOException If anI/O erroroccurs
throws java.io.UnsupportedEncodingException If thenamedencodingis not

supported
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XMLWriter(java.io.OutputStream out, String enc, boolean declare)
throws java.io.UnsupportedEncodingException,

java.io.IOException;
Createsa new writer that will write to the given byte-outputstreamusing the given
encoding.An initial XML declarationwill optionallybewritten to thestream.
param out Thetargetbyte-outputstream
param enc Thecharacterencodingto beused
param declare If true, write theXML declarationto theoutputstream
throws java.io.IOException If anI/O erroroccurs
throws java.io.UnsupportedEncodingException If thenamedencodingis not

supported

void attributeName(String name) throws java.io.IOException;

Writesanattributenamefor thecurrentelement.After invokingthismethod,invokethe
attributeValuemethodtowritetheattributevalue,orinvoketheattributeValueToken
methodto write oneor morespace-separatedvaluetokens.
param name Theattribute’sname
throws IllegalStateException If thepreviousmethodinvokeduponthisobject

wasneitherstart norattribute

void attribute(String name, String value)
throws java.io.IOException;

Writesanattributefor thecurrentelement.
param name Theattribute’sname
param value Theattribute’svalue
throws IllegalStateException If thepreviousmethodinvokeduponthisobject

wasneitherstart norattribute
throws java.io.IOException If anI/O erroroccurs

void attributeValue(String value) throws java.io.IOException;

Writesavaluefor thecurrentattribute.
param value Theattribute’svalue
throws IllegalStateException If thepreviousmethodinvokeduponthisobject

wasnotattributeName

void attributeValueToken(String token) throws java.io.IOException;

Writesonetokenof thecurrentattribute’s value. Adjacenttokenswill beseparatedby
singlespacecharacters.
param token Thetokento bewritten
throws IllegalStateException If thepreviousmethodinvokeduponthisobject

wasneitherattributeName norattributeValueToken
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void chars(String chars) throws java.io.IOException;

Writessomecharacterdata.
param chars Thecharacterdatato bewritten
throws java.io.IOException If anI/O erroroccurs

void close() throws java.io.IOException;

Flushesthewriter andclosestheunderlyingbyte-outputstream.
throws java.io.IOException If anI/O erroroccurs

void doctype(String root, String dtd) throws java.io.IOException;

WritesaDOCTYPEdeclaration.
param root Thenameof theroot element
param dtd TheURI of thedocument-typedefinition
throws java.io.IOException If anI/O erroroccurs

void end(String name) throws java.io.IOException;

Writesanendtagfor thenamedelement.
param name Thenameto beusedin theendtag
throws java.io.IOException If anI/O erroroccurs

void flush() throws java.io.IOException;

Flushesthewriter.
throws java.io.IOException If anI/O erroroccurs

void inlineLeaf(String name) throws java.io.IOException;

void inlineLeaf(String name, String chars)
throws java.io.IOException;

void leaf(String name) throws java.io.IOException;

Writesanemptyleafelement.
param The nameto beusedin theempty-elementtag

void leaf(String name, String chars) throws java.io.IOException;

Writesa leaf elementwith thegivencharactercontent.
param name Thenameto beusedin thestartandendtags
param chars Thecharacterdatato bewritten

This methodwritesa starttagwith thegivenname,followedby thegivencharacter
data,followedby anendtag. If thechars parameteris null or theemptystringthenan
emptytagis written.
throws java.io.IOException If anI/O erroroccurs
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void setQuote(char quote);

Setsthequotecharacterto beusedby this writer whenwriting attributevalues.
param quote Thenew quotecharacter, eitheraQUOTATION MARK (’\u0022’), or

anAPOSTROPHE-QUOTE (’\u0027’)
throws IllegalArgumentException If theargumentis neitherof theabovechar-

acters

void start(String name) throws java.io.IOException;

Writesastarttagfor thenamedelement.
param name Thenameto beusedin thestarttag
throws java.io.IOException If anI/O erroroccurs

B.2 Checkedexceptions

EndOfDocumentException javax.xml.marshal

class EndOfDocumentException
extends ScanException // javax.xml.bind.UnmarshalException

{
EndOfDocumentException(ScanPosition pos);

}

Checkedexceptionthrown by anXML scannerwhenit unexpectedlyreachestheendof
aninput document.

EndOfDocumentException(ScanPosition pos);

Constructsaninstanceof this class.
param pos Thepositionat which theerrorwasdetected

ScanException javax.xml.marshal

class ScanException
extends javax.xml.bind.UnmarshalException // Exception

{
protected ScanException(ScanPosition pos);

ScanException(ScanPosition pos, String desc);
String toString();

}

Checked exceptionthrown by an XML scannerwhen it encountersinput that is not
lexically well-formedor whenanI/O erroroccurs.
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protected ScanException(ScanPosition pos);

Initializesanew instanceof this class.
param pos Thepositionat which theerrorwasdetected

ScanException(ScanPosition pos, String desc);

Constructsanew instanceof thisclass.
param pos Thepositionat which theerrorwasdetected
param desc A stringdescribingtheerror

String toString();

Returnsa string describingthis exceptionthat includesthe positionat which the error
wasdetected,if available.
returns A stringdescribingthis exception

ScanIOException javax.xml.marshal

class ScanIOException
extends ScanException // javax.xml.bind.UnmarshalException

{
ScanIOException(ScanPosition pos,

java.io.IOException iox);
java.io.IOException getIOException();

void printStackTrace(java.io.PrintStream out);
}

Checked exceptionthrown by an XML scannerwhen an I/O error occurs. The I/O
exceptionthatis thrown is wrappedwithin this exception.

ScanIOException(ScanPosition pos, java.io.IOException iox);

Constructsanew instanceof thisclass.
param pos Thepositionat which theI/O erroroccurred
param iox Thejava.io.IOException thatwasthrown

java.io.IOException
getIOException();

Retrievesthejava.io.IOException thatcausedthis exception.
returns TheI/O exception

void printStackTrace(java.io.PrintStream out);



C DTD for the binding language
<?xml version="1.0" encoding="US-ASCII"?>

<!--
JAXB XML/Java binding-schema DTD
URI: http://java.sun.com/dtd/jaxb/1.0-ea/xjs.dtd
@(#)xjs.dtd 1.11 01/05/31

Copyright 2000-2001 by Sun Microsystems, Inc.,
901 San Antonio Road, Palo Alto, California, 94303, U.S.A.
All rights reserved.

This software is the confidential and proprietary information
of Sun Microsystems, Inc. ("Confidential Information"). You
shall not disclose such Confidential Information and shall use
it only in accordance with the terms of the license agreement
you entered into with Sun.

!-->

<!ENTITY % top-level-decl "element | interface | enumeration | conversion" >
<!ENTITY % internal-decl "constructor | enumeration | conversion" >

<!ELEMENT xml-java-binding-schema ( options?, ( %top-level-decl; )* ) >
<!ATTLIST xml-java-binding-schema

version CDATA #FIXED "1.0ea" >

<!ENTITY % boolean "( true | false )" >
<!ENTITY % collection "( array | list )" >

<!ELEMENT options EMPTY >
<!ATTLIST options

package NMTOKEN #IMPLIED
default-reference-collection-type %collection; "list"
property-get-set-prefixes %boolean; "true"
marshallable %boolean; "true"
unmarshallable %boolean; "true" >

<!ENTITY % attribute-or-internal-decl "attribute | %internal-decl;" >

<!ELEMENT element ( ( %attribute-or-internal-decl; )*,
content?,
( %attribute-or-internal-decl; )* ) >

<!ATTLIST element
name ID #REQUIRED
type ( value | class ) #REQUIRED
convert NMTOKEN #IMPLIED
class NMTOKEN #IMPLIED
root %boolean; #IMPLIED >

<!--
Further constraints: @convert requires @type="value"

@class, @root require @type="class"
./* requires @type="class"
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<element name={elt} type="value" [convert={cnv}]
<element name={elt} type="class" [class={class}] [root={root}]>
!-->

<!ELEMENT attribute EMPTY >
<!ATTLIST attribute

name NMTOKEN #REQUIRED
convert NMTOKEN #IMPLIED
property NMTOKEN #IMPLIED
collection %collection; #IMPLIED >

<!--
<attribute name={attr} [convert={cnv}]

[property={prop}] [collection={coll}]
!-->

<!ELEMENT content ( ( element-ref | choice | sequence )*, rest? ) >
<!ATTLIST content

property NMTOKEN #IMPLIED
collection %collection; #IMPLIED
supertype NMTOKEN #IMPLIED >

<!--
Further constraints: @property, @collection, @supertype forbid content

<content property={prop} [collection={coll}] [supertype={tau}]/>
<content>

<element-ref name={elt} [property={prop}] [collection={coll}]/>
<choice property={prop} [collection={coll}] [supertype={tau}]/>
<sequence property={prop} [collection={coll}] [supertype={tau}]/>
<rest property={prop} [collection={coll}] [supertype={tau}]/>

!-->

<!ELEMENT element-ref EMPTY >
<!ATTLIST element-ref

name NMTOKEN #REQUIRED
property NMTOKEN #IMPLIED
collection %collection; #IMPLIED >

<!ELEMENT choice EMPTY >
<!ATTLIST choice

property NMTOKEN #REQUIRED
collection %collection; #IMPLIED
supertype NMTOKEN #IMPLIED >

<!ELEMENT sequence EMPTY >
<!ATTLIST sequence

property NMTOKEN #IMPLIED
collection %collection; #IMPLIED
supertype NMTOKEN #IMPLIED >

<!ELEMENT rest EMPTY >
<!ATTLIST rest

property NMTOKEN #REQUIRED
collection %collection; #IMPLIED
supertype NMTOKEN #IMPLIED >
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<!-- Declarations -->

<!ELEMENT constructor EMPTY >
<!ATTLIST constructor

properties NMTOKENS #REQUIRED >

<!ELEMENT interface EMPTY >
<!ATTLIST interface

name NMTOKEN #REQUIRED
members NMTOKENS #REQUIRED
properties NMTOKENS #IMPLIED >

<!ELEMENT enumeration EMPTY >
<!ATTLIST enumeration

name CDATA #REQUIRED
members NMTOKENS #REQUIRED >

<!ELEMENT conversion EMPTY>
<!ATTLIST conversion

name NMTOKEN #REQUIRED
type NMTOKEN #IMPLIED
parse NMTOKEN #IMPLIED
print NMTOKEN #IMPLIED >

<!--
@parse = "new", to invoke a constructor that takes a string, or

"ClassName.staticParseMethod"
@print = "ClassName.staticPrintMethod" or "instancePrintMethod"
In both cases, ClassName may have a package prefix

!-->
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D Examples

Thefirst exampleis thestock-tradeexamplethatis discussedthroughoutthis specifica-
tion. Thesecondexample,onp. 123,illustrateshow collectionpropertiesandID/IDREF
propertiescanbeimplemented.

D.1 Simplestock trades

D.1.1 DTD

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

<!ATTLIST trade
account CDATA #REQUIRED
action ( buy | buy-to-cover | sell | sell-short ) #REQUIRED
duration ( immediate | day | good-til-canceled ) "day" >

<!ELEMENT symbol (#PCDATA) >
<!ELEMENT quantity (#PCDATA) >
<!ELEMENT limit (#PCDATA) >
<!ELEMENT stop (#PCDATA) >
<!ELEMENT date (#PCDATA) >

D.1.2 Binding schema

<xml-java-binding-schema version="1.0-ea">

<conversion name="price" type="java.math.BigDecimal"/>
<conversion name="date" type="java.util.Date"

parse="Cnv.parseDate" print="Cnv.printDate"/>

<element name="symbol" type="value"/>
<element name="quantity" type="value" convert="int"/>
<element name="limit" type="value" convert="price"/>
<element name="stop" type="value" convert="price"/>
<element name="date" type="value" convert="date"/>

<element name="trade" type="class" root="true">
<content>

<element-ref name="symbol"/>
<element-ref name="quantity"/>
<element-ref name="limit" property="limit-price"/>
<element-ref name="stop" property="stop-price"/>
<element-ref name="date"/>

</content>

<!-- Constructor declarations not yet implemented
<constructor properties="account action symbol quantity"/>
-->
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<enumeration name="Action"
members="buy buy-to-cover sell sell-short"/>

<enumeration name="Duration"
members="immediate day good-til-canceled"/>

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

</element>
</xml-java-binding-schema>

D.1.3 The Trade class

Thefollowing codecouldbegeneratedby oneparticularimplementationof thisspecifi-
cation;otherimplementationsmayproducesomewhatdifferentcode.

import java.io.IOException;
import java.io.InputStream;
import java.math.BigDecimal;
import java.text.ParseException;
import java.util.Date;
import javax.xml.bind.ConversionException;
import javax.xml.bind.Dispatcher;
import javax.xml.bind.DuplicateAttributeException;
import javax.xml.bind.IllegalEnumerationValueException;
import javax.xml.bind.InvalidAttributeException;
import javax.xml.bind.LocalValidationException;
import javax.xml.bind.MarshallableRootElement;
import javax.xml.bind.Marshaller;
import javax.xml.bind.MissingAttributeException;
import javax.xml.bind.MissingContentException;
import javax.xml.bind.NoValueException;
import javax.xml.bind.RootElement;
import javax.xml.bind.StructureValidationException;
import javax.xml.bind.UnmarshalException;
import javax.xml.bind.Unmarshaller;
import javax.xml.bind.Validator;
import javax.xml.marshal.XMLScanner;
import javax.xml.marshal.XMLWriter;

public class Trade
extends MarshallableRootElement
implements RootElement

{

private boolean has_Account = false;
private int _Account;
private Action _Action;
private final static Duration DEFAULTED_DURATION = Duration.parse("day");
private Duration _Duration;
private String _Symbol;
private boolean has_Quantity = false;
private int _Quantity;
private BigDecimal _LimitPrice;
private BigDecimal _StopPrice;
private Date _Date;
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public Trade() { }

public Trade(int _Account, Action _Action, String _Symbol, int _Quantity) {
setAccount(_Account);
setAction(_Action);
setSymbol(_Symbol);
setQuantity(_Quantity);

}

public int getAccount() {
if (has_Account) return _Account;
throw new NoValueException("account");

}

public void setAccount(int _Account) {
this._Account = _Account;
has_Account = true;

}

public boolean hasAccount() { return has_Account; }

public void deleteAccount() {
has_Account = false;
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_DURATION;
return _Duration;

}

public void setDuration(Duration _Duration) {
this._Duration = _Duration;
if (_Duration == null) invalidate();

}

public boolean defaultedDuration() { return _Duration != null; }

public String getSymbol() { return _Symbol; }

public void setSymbol(String _Symbol) {
this._Symbol = _Symbol;
if (_Symbol == null) invalidate();

}

public int getQuantity() {
if (has_Quantity) return _Quantity;
throw new NoValueException("quantity");

}
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public void setQuantity(int _Quantity) {
this._Quantity = _Quantity;
has_Quantity = true;

}

public boolean hasQuantity() { return has_Quantity; }

public void deleteQuantity() {
has_Quantity = false;
invalidate();

}

public BigDecimal getLimitPrice() { return _LimitPrice; }

public void setLimitPrice(BigDecimal _LimitPrice) {
this._LimitPrice = _LimitPrice;
invalidate();

}

public BigDecimal getStopPrice() { return _StopPrice; }

public void setStopPrice(BigDecimal _StopPrice) {
this._StopPrice = _StopPrice;
invalidate();

}

public Date getDate() { return _Date; }

public void setDate(Date _Date) {
this._Date = _Date;
if (_Date == null) invalidate();

}

// Declared in javax.xml.bind.ValidatableObject
public void validateThis()

throws LocalValidationException
{

if (!has_Account) throw new MissingAttributeException("account");
if (_Action == null) throw new MissingAttributeException("action");
if (_Symbol == null) throw new MissingContentException("symbol");
if (!has_Quantity) throw new MissingContentException("quantity");
if (_Date == null) throw new MissingContentException("date");

}

public void validate(Validator v)
throws StructureValidationException

{
// The DTD does not describe any global structural constraints

}

// Declared in javax.xml.bind.MarshallableRootElement
public void marshal(Marshaller m)

throws IOException
{

XMLWriter w = m.writer();
w.start("trade");
w.attribute("account", Integer.toString(_Account));
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if (_Action != null) w.attribute("action", _Action.toString());
if (_Duration != null) w.attribute("duration", _Duration.toString());
w.leaf("symbol", _Symbol.toString());
w.leaf("quantity", Integer.toString(_Quantity));
if (_LimitPrice != null) w.leaf("limit", _LimitPrice.toString());
if (_StopPrice != null) w.leaf("stop", _StopPrice.toString());
w.leaf("date", Cnv.printDate(_Date));
w.end("trade");

}

public void unmarshal(Unmarshaller u)
throws UnmarshalException

{
XMLScanner xs = u.scanner();
Validator v = u.validator();
xs.takeStart("trade");
while (xs.atAttribute()) {

String an = xs.takeAttributeName();
String av = xs.takeAttributeValue(XMLScanner.WS_COLLAPSE);
if (an.equals("account")) {

if (has_Account)
throw new DuplicateAttributeException(an);

try {
_Account = Integer.parseInt(av);

} catch (Exception x) {
throw new ConversionException("account", x);

}
has_Account = true;
continue;

}
if (an.equals("action")) {

if (_Action != null)
throw new DuplicateAttributeException(an);

try {
_Action = Action.parse(av);

} catch (Exception x) {
throw new ConversionException("action", x);

}
continue;

}
if (an.equals("duration")) {

if (_Duration != null)
throw new DuplicateAttributeException(an);

try {
_Duration = Duration.parse(av);

} catch (Exception x) {
throw new ConversionException("duration", x);

}
continue;

}
throw new InvalidAttributeException(an);

}
_Symbol = xs.takeLeaf("symbol", XMLScanner.WS_COLLAPSE);
String s = xs.takeLeaf("quantity", XMLScanner.WS_COLLAPSE);
try {

_Quantity = Integer.parseInt(s);
} catch (Exception x) {

throw new ConversionException("quantity", x);
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}
has_Quantity = true;
if (xs.atStart("limit")) {

s = xs.takeLeaf("limit", XMLScanner.WS_COLLAPSE);
try {

_LimitPrice = new BigDecimal(s);
} catch (Exception x) {

throw new ConversionException("limit", x);
}

}
if (xs.atStart("stop")) {

s = xs.takeLeaf("stop", XMLScanner.WS_COLLAPSE);
try {

_StopPrice = new BigDecimal(s);
} catch (Exception x) {

throw new ConversionException("stop", x);
}

}
s = xs.takeLeaf("date", XMLScanner.WS_COLLAPSE);
try {

_Date = Cnv.parseDate(s);
} catch (Exception x) {

throw new ConversionException("date", x);
}
xs.takeEnd("trade");

}

// Specified in javax.xml.bind.MarshallableObject
public static Trade unmarshal(InputStream in)

throws UnmarshalException
{

return unmarshal(XMLScanner.open(in));
}

public static Trade unmarshal(XMLScanner xs)
throws UnmarshalException

{
return unmarshal(xs, newDispatcher());

}

public static Trade unmarshal(XMLScanner xs, Dispatcher d)
throws UnmarshalException

{
return ((Trade)d.unmarshal(xs, Trade.class));

}

public static Dispatcher newDispatcher() {
Dispatcher d = new Dispatcher();
d.register("trade", Trade.class);
d.freezeElementNameMap();
return d;

}

public boolean equals(Object ob) {
if (this == ob) return true;
if (!(ob instanceof Trade)) return false;
Trade tob = (Trade)ob;
if (has_Account) {
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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._Symbol == null) return false;
if (!_Symbol.equals(tob._Symbol)) return false;

} else if (tob._Symbol != 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 (_LimitPrice != null) {

if (tob._LimitPrice == null) return false;
if (!_LimitPrice.equals(tob._LimitPrice)) return false;

} else if (tob._LimitPrice != 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) + ((_Symbol != null) ? _Symbol.hashCode() : 0);
h = (31 * h) + ((has_Quantity) ? _Quantity : 0);
h = (127 * h) + ((_LimitPrice != null) ? _LimitPrice.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(Integer.toString(_Account));

}
if (_Action != null) {

sb.append(" action=");
sb.append(_Action.toString());

}
sb.append(" duration=");
sb.append(_Duration.toString());
if (_Symbol != null) {

sb.append(" symbol=");
sb.append(_Symbol.toString());

}
if (has_Quantity) {
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sb.append(" quantity=");
sb.append(_Quantity);

}
if (_LimitPrice != null) {

sb.append(" limit=");
sb.append(_LimitPrice.toString());

}
if (_StopPrice != null){

sb.append(" stop=");
sb.append(_LimitPrice.toString());

}
if (_Date != null) {

sb.append(" date=");
sb.append(Cnv.printDate(_Date));

}
sb.append(">>");
return sb.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.equals("buy")) return BUY;
if (_Action.equals("buy-to-cover")) return BUY_TO_COVER;
if (_Action.equals("sell")) return SELL;
if (_Action.equals("sell-short")) return SELL_SHORT;
throw new IllegalEnumerationValueException(_Action);

}

public String toString() { return _Action; }

public boolean equals(Object 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-canceled");

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_TIL_CANCELED;
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throw new IllegalEnumerationValueException(_Duration);
}

public String toString() { return _Duration; }

public boolean equals(Object ob) { return ob == this; };

public int hashCode() { return _Duration.hashCode(); }

}

}

D.2 Treenodes

D.2.1 DTD

<!ELEMENT node ( node* ) >
<!ATTLIST node

name ID #REQUIRED
ref IDREF #IMPLIED >

D.2.2 Binding schema

<xml-java-binding-schema version="1.0-ea">

<options property-get-set-prefixes="false"/>

<element name="node" type="class" root="true">
<content>

<element-ref name="node" property="children"/>
</content>

<!-- Constructor declarations not yet implemented
<constructor properties="children"/>
-->

</element>

</xml-java-binding-schema>

D.2.3 Samplevalid document

<node name="root">
<node name="usr">
<node name="usr-bin"/>
<node name="usr-lib">

<node name="usr-lib-libc.so" ref="lib-libc.so.6.2"/>
<node name="usr-lib-uucp"/>

</node>
<node name="usr-man"/>

</node>
<node name="etc">
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<node name="etc-rc.d"/>
<node name="etc-inetd.conf"/>

</node>
<node name="lib">

<node name="lib-libc.so.6.2"/>
</node>

</node>

D.2.4 The Node class

Thefollowing codecouldbegeneratedby oneparticularimplementationof thisspecifi-
cation;otherimplementationsmayproducesomewhatdifferentcode.

import java.io.IOException;
import java.io.InputStream;
import java.util.Iterator;
import java.util.List;
import javax.xml.bind.Dispatcher;
import javax.xml.bind.IdentifiableElement;
import javax.xml.bind.InvalidAttributeException;
import javax.xml.bind.InvalidContentObjectException;
import javax.xml.bind.LocalValidationException;
import javax.xml.bind.MarshallableObject;
import javax.xml.bind.MarshallableRootElement;
import javax.xml.bind.Marshaller;
import javax.xml.bind.MissingAttributeException;
import javax.xml.bind.PredicatedLists;
import javax.xml.bind.RootElement;
import javax.xml.bind.StructureValidationException;
import javax.xml.bind.UnmarshalException;
import javax.xml.bind.Unmarshaller;
import javax.xml.bind.ValidatableObject;
import javax.xml.bind.Validator;
import javax.xml.marshal.XMLScanner;
import javax.xml.marshal.XMLWriter;

public class Node
extends MarshallableRootElement
implements RootElement, IdentifiableElement

{

private String _Name;
private IdentifiableElement _Ref;

private PredicatedLists.Predicate pred_Children
= new PredicatedLists.Predicate() {

public void check(Object ob) {
if (!(ob instanceof Node))

throw new InvalidContentObjectException();
}

};

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 _Name; }

public void name(String _Name) { this._Name = _Name; invalidate(); }

// Specified in javax.xml.bind.IdentifiableElement
public String id() { return _Name; }

public IdentifiableElement ref() { return _Ref; }

public void ref(IdentifiableElement _Ref) {
this._Ref = _Ref;
invalidate();

}

public List children() {
return _Children;

}

public void emptyChildren() {
_Children = PredicatedLists.create(this, pred_Children);

}

public void deleteChildren() {
_Children = null;
invalidate();

}

// Declared in javax.xml.bind.ValidatableObject
public void validateThis()

throws LocalValidationException
{

if (_Name == null) throw new MissingAttributeException("name");
}

public void validate(Validator v)
throws StructureValidationException

{
if (_Ref != null) v.reference(_Ref);
if (_Children != null)

for (Iterator i = _Children.iterator(); i.hasNext();)
v.reference((IdentifiableElement)i.next());

}

// Specified in javax.xml.bind.MarshallableRootElement
public void marshal(Marshaller m)

throws IOException
{

XMLWriter w = m.writer();
w.start("node");
if (_Name != null) w.attribute("name", _Name);
if (_Ref != null) w.attribute("ref", _Ref.id());
if (_Children != null)

for (Iterator i = _Children.iterator(); i.hasNext();)
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m.marshal((MarshallableObject)i.next());
w.end("node");

}

public void unmarshal(Unmarshaller u)
throws UnmarshalException

{
XMLScanner xs = u.scanner();
Validator v = u.validator();
xs.takeStart("node");
while (xs.atAttribute()) {

String an = xs.takeAttributeName();
String av = xs.takeAttributeValue();
if (an.equals("name")) {

if (_Name != null)
throw new DuplicateAttributeException;

_Name = av;
continue;

}
if (an.equals("ref")) {

Validator.Patcher p
= new Validator.Patcher() {

public void patch(IdentifiableElement target) {
_Ref = (Node)target;

}};
v.reference(av, p);
continue;

}
throw new InvalidAttributeException(an);

}
while (xs.atStart("node"))

_Children.add(u.unmarshal(Node.class));
xs.takeEnd("node");

}

// Declared in javax.xml.bind.MarshallableObject
public static Node unmarshal(InputStream in)

throws UnmarshalException
{

return unmarshal(XMLScanner.open(in));
}

public static Node unmarshal(XMLScanner xs)
throws UnmarshalException

{
return unmarshal(xs, newDispatcher());

}

public static Node unmarshal(XMLScanner xs, Dispatcher d)
throws UnmarshalException

{
return ((Node) d.unmarshal(xs, Node.class));

}

public static Dispatcher newDispatcher() {
Dispatcher d = new Dispatcher();
d.register("node", Node.class);
d.freezeElementNameMap();
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return d;
}

public boolean equals(Object ob) {
if (this == ob) return true;
if (!(ob instanceof Node)) return false;
Node tob = (Node)ob;
if (_Name != null) {

if (tob._Name == null) return false;
if (!_Name.equals(tob._Name)) return false;

} else if (tob._Name != null) return false;
if (_Ref != null) {

if (tob._Ref == null) return false;
if (!_Ref.equals(tob._Ref)) return false;

} else if (tob._Ref != null) return false;
if (_Children != null) {

if (tob._Children == null) return false;
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) + ((_Name != null) ? _Name.hashCode() : 0);
h = (127 * h) + ((_Ref != null) ? _Ref.hashCode() : 0);
h = (127 * h) + ((_Children != null) ? _Children.hashCode() : 0);
return h;

}

public String toString() {
StringBuffer sb = new StringBuffer("<<node");
if (_Name != null) {

sb.append(" name=");
sb.append(_Name.toString());

}
if (_Ref != null) {

sb.append(" ref=");
sb.append(_Ref.id());

}
if (_Children != null) {

sb.append(" children=");
sb.append(_Children.toString());

}
sb.append(">>");
return sb.toString();

}

}



128 Treenodes D.2


