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Preface

OpenMIstandsforOpenModelinglinterfaceand Environmentiandaimsioldeliverastandardized way
ofllinkingofthydrologyrelatedmodels. Thelestablishmentiof OpenMIwill'supportiandassistithe
strategiciplanningandlintegrated/catchmentimanagementirequired by the Water(Framework(Directive.
OpenMIlwas(developedasipartiofithelHarmonlT researchiprojectfundedbyitheEuropean
Commission{ContractlEVK1ICT200100090).(tlisthe@mbitionof thelHarmonIT¢onsortium{oturn
OpenMIliintolithe[Europeanstandard’ forimodelllinkage(inithewaterlandlenvironmentalidomain.

TheOpenMIiarchitecturelisidocumentediinialreportiseriesicoveringthesoftwarespecification,
guidanceowardslapplicationfandlimplementationiissues. Thelserieslislorganizedfollowingiothe
high(levelistructuringlofithelarchitecture.

This[documentiis(thefifth(in(the [OpenMIDocument(Seriesand(provides the technicalldocumentation
oflthelorg.OpenMIl.DevelopmentSupport,thepackagewithiXXMLparsingiandiothersupporticlassesifor
theOpenMIenvironment. [Othertitleslinthe series(include:

Scopelandlorganisation

Guidelines

org.OpenMI.Standardinterface(specification
org.OpenMI.Backboneltechnical/documentation
org.OpenMI.DevelopmentSupporttechnicall[documentation((this([document)
org.OpenMI.Utilitiestechnicall[documentation
org.OpenMI.Toolstechnicalldocumentation
AdditionaldesignsforilOpenMI(Tools

Ie@mMmMoOO®y

Morelinformationon(OpenMIicanbefoundion URLhttp://www.openmi.org.

Thelofficialreferencetothis[documentlis:

HarmonlT((2005) Thelorg.OpenMI.DevelopmentSupportitechnicalldocumentation.Part/Eofthe
OpenMIDocumentiSeries. T Frameworks(HarmonIT)[ECFP5[ContractlEVK1[CT200100090

Disclaimer

Thisldocumentiis(partiofithev.1.0releaseofithe[OpenMIiarchitecture.[TheHarmonITprojectiaimsto
putlalmaintenancelandisupportlorganisationlin(place(tolensurelalhighquality, wellimaintainedland
stablelproduct.TheHarmonlITconsortiumtakesmolliability forfanyfuture’changesiintheOpenMI
specifications.

Copyright ©2005'HarmonIT/Consortium

Alllmethodologies, lideas(and/proposals/inthisi[documentiare the(copyright(ofithe(HarmonIT(project
participants.(Thesemethodologies,lideasiandproposalsimaymnotbeusedtolchangeorimprovethe
specification(offany(project(towhich(thisidocumentirelates, fomodifyaniexisting(projectortolinitiate[a
new project, without(firstiobtaining Wwritten@approval fromithoseofitheHarmonl T [participantsiwhoown
thelparticularimethodologies, lideaslandproposalslinvolved.
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1 Introduction

1.1Background

OpenMIstandsforOpenModelinglinterfaceand Environment.Itl@ims(ioldeliveralstandardized way o
linkiwater(related[computationalimodelsthatrun’simultaneously.Inisummary, OpenMIprimarily
focuses(on(providingalcompletelprotocolioexplicitly[define, [describeandfransfer(numerical)data
betweenicomponentsionlaltimelbasis,includinglassociatedicomponentiaccess.ltithusenables
processlinteractionbeinglrepresentedmorelaccurately,.comparedtosequentiallinkages.

Thelestablishmentiof{OpenMIwill Supportandassistithe(scientific,[consultancyand water
management/community(in(theintegratedlassessmentlofiwatermanagement/systemsland(thus
strategiciplanninglandiintegratedicatchmentimanagementirequiredibytheEuropeanWaterlFramework
Directive.

This(standardizedway/(ofllinking/modelslisfachievedbylanlintelligent/protocol toldescribe,
defineland(iransferidata. Thisprotocollistranslatedlintolalstrict’setiof fules, ile. formallinterfaces, fobe
implemented by [softwarecode.[Any[componentthatimplementsitheselinterfaces(is/calledlan OpenMI
complianticomponent.

Componentsineedtolbellinkedtogether.Theadministration(offasetiofllinkedlcomponentslis
calledial'Composition’.\Withinithe[OpenMIliarchitecture, the[composition(objectbasicallyisfarun(time
object.[However, forreusepurposes/itwouldbeluseful ificompositionrelateddbjectsicould be made
persistentlandlexchangedlamonglusers.

Thelorg.OpenMI.DevelopmentSupportinamespace(provides(genericiSupport(for(this/typeof
functionality.lt[contains/alcustomizablelgenericl XML parseritoistore[Compositions,
LinkableComponent(OMIfiles[andassociatedlinformation(on(disk.

Thelorg.OpenMI.DevelopmentSupport/package does/notidepend/oniany otherpackageswithin
thelorg.OpenMIidomain.

1.2[]Requirements

Thelorg.OpenMI.DevelopmentSupportinamespace provideslow(level supporttothelimplementationof
theOpenMIrarchitecture.Thefollowingrequirementsihave beenKeptlinmind.

o1 [ReqDS1]=Providelafeadable XML file’structureland©OpenMIXMLschemaldefinition(XSD)
tolstorel[configuration(relatedlinformation

o[] [ReqDS2]=Providelsupportiosaveconfigurationrelated[OpenMlobjectslinlarreadable wayto
diskiaccordingtolthe [OpenMIXSD.

o1 [Req/DS3]mProvidelsupportitoread(persistent XML (files, adheringtothe [OpenMIXSD, [parse
thelinformationfandturnithemiintolinstantiated[OpenMIlobjects.

o1 [ReqlDS4]+Providelobjecthandlingsupportitolaccommodatelthedisplayofiobjectsiand
propertieslinifrontlendapplications{e.gtheconfigurationieditorofithe [OpenMIenvironment)

o[] [Req[DS5]=+Provideotherlowllevel functionality fo[support@an©penMlimplementation.

1.30Scopelof this[document

This(reporti¢ontains(theltechnicalldocumentationiofithe(org.OpenMI.DevelopmentSupportinamespace.
Theltechnicall[documentationfaddressesthedesigniasiwelllimplementationlissues
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1.4 /Readership

Thisidocumentilisimeantforicodeldevelopersiwhohavefolimplement, extend orimaintainithelsource
codeloflthe[OpenMIenvironmentiasidevelopedbytheHarmonlIT project.Inorderfolinderstandthis
document,oneneedstolhavebasiciunderstandinglofimodellinking,objectiorientationiand WML
notation[(particularly(¢lass[diagramslandsequenceldiagrams).Withinthetext, the followingstyle[]
conventionlisiapplied:

o[1 OpenMliinterface
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2 10penMIiDevelopmentSupport: [ Concepts

2.1 The[OpenMllinkingimechanism

OpenMlisalpullibasedipipe@andfilterarchitecture,consistinglof.lcommunicatinglcomponents
(providersiandlacceptors), whichlexchangeldatalinialpreldefinedway(andlin(a/pre(definedobject
format.[Sometimes, thisypeofiarchitecturelisialsoreferredfolaslalcontextbasedrequestreply
architecture, linfwhichthelcontext((i.e. thelinstantiated[component)processesandirepliestoithe
requestslinisynchronizediorder.

DatalexchangelinlOpenMIisbasedon(directimodellaccesslinthe samelthread. Noldatalis
exchanged(using(persistent(files.In(addition, theentire [Specificationofthelinks[canbedone(atirun(]
time.[Foriconveniencepurposeshowever,litimightbeluseful toSupportipersistent/storageofimetal’
data,(enablingsystemiconfigurationwithout/actuallaccesstolthe[computational(cores.

2.2 Task/descriptionlofithe OpenMIDevelopmentSupport

AlthoughtheOpenMIlarchitecturelisfullyimemorybased, thelimplementationlaccommodatesithe
persistent(storageofiobjects(in(XML. Thisfunctionality(is(specifically[utilized[So[enablereuse(of
configurations(ofllinked OpenMIlicomponents. Tofacilitate thedevelopmentiofisuchfunctionalitylinia
genericlway, algeneral XML[parser(hasbeenldeveloped.Thelorg.OpenMI.DevelopmentSupport
package/offersigenerallroutinesforreadingfandwriting’ XML filesfandall related necessaryfunctions.
Notethat(this[package(doesn'tidependioniany (OpenMlipackage.

Thelmaintask/ofithelorg.OpenMI.DevelopmentSupportinamespacelis to[supportthe(development
andlimplementation/ofithe OpenMIenvironmentby:

o[] enablinglpersistentistoragelandretrievaloficonfigurationirelated[OpenMIobjects;

o1 otherfow(levelfunctionality,lamongstiothersitolconvertithetimelinformationexpressedlinithe
Georgian[Calendar(othe ModifiedJulian[Data.

Toladdressithe(firstbullet,[algeneric,(customizable XML [parserhasbeenimplementedusingthe
introspectionimechanisms’asiavailablelinidevelopmentilanguagesuchiJaval(i.e.lintrospection)iand
.NET(System.Reflection).

Infaddition, thisinamespaceholds Third[Party packages(thatthavebeenlappliedlinthe
developmentofithefrontlendiofithe(©penMIlienvironment.

2.3 IConceptualidesigniofiorg.OpenMIl.DevelopmentSupport

Figureillustratesithe mainconceptiofithelorg.OpenMI.DevelopmentSupportfunctionality, namely
transformation(ofiobjectirelationsviaiathierarchicaldatalstructurerepresentationlintolfan’ XML tag
representation((andiviceversa)./All[publicipropertiesoflanyobject¢anbesavedforan XML fileland
later(parsed(intolan(object. MetalinfolisUsedheavily to/customize(thellayout/ofithe XML (file.

Generally, thellayout(ofithe XML filelisasfollows.[Eachpubliclpropertyofian(objectlis written
asfaniXMLlelementoraniXMLattribute. Attributeswilllonly beuised for (primitive typesI{int, String,
doubleletc.)landlenumerations. Thelobjectirepresentinglalproperty(valuelis writtenwith allhis[public
properties,linithisiway(creatinglatreelinithe XML file.For(propertiesrepresentingacollectioni.e.
implementers(of(thellListland/IDictionarylinterface, [such(aslarrayllistslandhashitables),allilmembers
arewrittenfasrchildiXML[elements.

Additionally, ¢lasstypelinformationliswrittenunderthe XML attribute Mtype".[Thislisonly
necessarylif(1)the(class(ofithelobjectirepresenting/alproperty valueldiffers from(thepropertydefinition
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inltheparenticlass((thisioccursiwhenlalsubclasslislassignedtoltheproperty)ior2)iinicollections,
Metalnfoldoesn't(definethe(desiredmembericlass(iype.

Ifitheldatalstructurelisn'tthierarchical, lile.therelare(objectswhichrepresentproperty valuesior
collectionfmembersmorethanionce,onlythefirstitimelinthexmlfile theylarewrittenicompletely.Next
times(onlylalreferencefoltheobjectlis written.Metalnfoimustbeused(tosetthe referenceldefinition.

- Dimension
Quantity Tonghs3

+ID="Discharge" Time[= 11 Unit
+Description="Dischargelin(m3/s" + " "

" . ID="m3/s
:\LﬁliltjeType 5(ScalarSet +Description="cubic/meter(persecond"

+Di . +ConversionFactorToSI =1
imenston +OffSetToSI=(0

objectirepresentation

0] object

—QO attribute: 1D="Outflow'
—O attribute: Description="Outflow(from/catchments";
—O attribute: ValueType="ScalarSet"

element: (Unit

hierarchicaldata attribute1:(ID="m3/s"

t t Te tati attribute2:[Description="cubic/meter(persecond"
structure presentation attribute3:[ConversionFactorToSI="1"

attribute4:(OffSetToSI="0"

element:Dimension
attribute1:[Length="3"
attribute2:(Time="11"

—O attribute: type="org.OpenMI.Backbone.Quantity"

XML tagrepresentation
<Quantity ID="Outflow"Description="Outflowfrom(catchment" ValueType="ScalarSet">
<Unit(ID="m3/s"[ConversionFactorToSI="1"OffSetToSI="0"/>

<DimensionilLength="3"Time="1"/>
</Quantity>

Figure[1 Transformation/ofiobjectirepresentation

Thisfransformationprocesslisthebasicfunctionalityrequiredforparsing XML files[or(serializing
objectslinimemory.Themajoriclass forithisitransformationprocessiinicalled XmlFile, whichlhastwo
basicfunctions,namelyRead(object, filename)@and Write[(filename).

TheXmlFilel¢lass(is[Supportedby@amnumber(ofiotherclassesiandlinterfaces((seeSection3.2)0f
which[Metalnfolis(essential tocustomize thelhierarchical datalstructure fepresentationandthe
IAggregatelinterfacelisiessentialfolcontainthelactualproperty values(ofthe0bjectlinthe hierarchical
datalstructure.

2.4 Thelorg.OpenMIl.DevelopmentSupportinamespace

2417 Packages
Thelorg.OpenMIl.DevelopmentSupportihnamespace(consistsoflonepackage.
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2.4.2(1Relations tolotherinamespaces

Thelorg.OpenMl.DevelopmentSupportihamespace(providesobjectihandlingiandpersistentlO
functionality forithelorg.OpenMI.Utilities.Configurationmamespace.The
0g.OpenMI.Utilities.configuration.Xmlpackagecontains[the OpenMIspecificlMetalnfoforthe
customizationiofithel XML parser.iorg.OpenMI.DevelopmentSupportprovidesicalendariconversion
functionalitylisusedbythelorg.OpenMI.Utilities.Wrapperipackage.

Thelorg.OpenMIl.DevelopmentSupportinamespacelislindependentoflanyotherOpenMIlnamespace
(seelFigure(2).

pdOpenMIpackage structure /
org.OpenMI.Standard org.OpenMI.Backbone
5 e
org.OpenMI.Utilities.AdvancedControl |
R o =N
org.OpenMI|.Utilities.Spatial
D — [>
A
|
! org.OpenML.Utilities.Buffer |
)
S beoeoed — >
)
| N
) )
H H
org.OpenMI.Utilities.Wrapper |
R [E— >
i
V
org.OpenMI.Dev elopmentSupport |
)\ )
) 1
' '
]
| Xml
e oo R [>
| ,
\ (fromorg.OpenM Utilities. Configuration)
1 )
1 )
| v
org.OpenMI.Utilities.Configuration |
S E— >

Figure2[Overview of packagesdependingon
org.OpenMI.DevelopmentSupport
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3[0Thelorg.OpenMIl.DevelopmentSupportpackage

3.1 Design(considerations

AslindicatedlinSection(2.3,thebasicconceptiunderlyingithe XML [parsingfunctionalitylisthe
transformation(ofiobjectirelationsviaiathierarchicaldataistructurerepresentationlintolfan’ XML tag
representation((andviceversa). Thisfransformationprocesslisithebasicfunctionality required for
parsing XML files(oriserializing[objectslinimemory.[Themajorclassforithistfransformationprocess(in
called(XmlFile,[supportedbyanumberofiother(classeslandlinterfaces((seeSection(3.2)0fwhich
MetalnfolislessentialfolcustomizethelhierarchicaldatastructurerepresentationiandthelAggregate
interfacelislessentialfocontainthelactualproperty valuesiofthe(objectlinithe hierarchicaldata
structure.

3.1.1ITypelinformation

When(parsingxmlffiles, XmlFile [musthaveinformation(aboutwhichtypetolinstantiate.[ XmlIFile triesto
derivethisiinformationfromtheMetalnfolorfromthetypedefinitioniof thelclass. Forlexample, wWhen
XmlFilelencountersithexmlelement/describingthe(UnitlinitheQuantity, itllooks(inthe[Quantity[class
definitiontolseewhatthetypelisofipropertyUnit(the reflectionpackagelisiusedforthis). ThenXmilFile
knows whattype(tolinstantiateforthe[WUnit.Infanother(caselitimaybepossiblethatlitican’tiderivethe
rightitypelinithisiway, forlexample theElementSetipropertylinfanExchangeltemlis'definedas
IElementSet.(Inthat/caselanxmliattribute[“type”lis(used, which(stores theright/class tolinstantiate (this
couldibelorg.OpenMI.Backbone.ElementSet).

3.1.200Using/referencestoprevent/duplication of similarobjects

Sometimesisimilariobjectslarereferreditobyseveraliobjects, forlexampleiwolllinkableComponent[]
objectsreferring(tothesameillinkiobject, onebeingthe(providerithe(otherbeingthelacceptor.When
parsingthe xmlfile, thelXmlFile[shouldknowthatlit'shouldiihstantiateonlyonellinkobject, althoughiit
islencounteredimore(than/oncel(eachitimelitiparsesianxmlielementirepresentinga
LinkableComponent).[Thislisisolvedlinithefollowingiway:@differencelis made between((i)anxml
element, which(corresponds(with(an(objectitobelinstantiated, [andI(ii)lanxmlelement,whichrefers(io
anfalreadylinstantiatediobject. Inthe firsticasethexmllelementiswrittenioutfully,linfthe’second(case
onlyfthelidentifier(s)(of thelobjectlare written.Metalnfolis[usedtolinform(the XmlIFile what(properties
identifyfaniobject.

Xmlfilesimay(referitolotherxmil(filesiwhere referredlinformationlis/stored. Forlexample,a
compositionxmlilefhasreferencestomodelfiles,wheremodelsiarestored. Thefile tolbe readlis
storedlinlthe xmlattribute “file”, which (holds a(relative (path tolthe referred(file.

As(said,propertiesiofiobjects(arerepresentediinithexmlfile. Besides(that,lalsoélementsiin
lists((strictly[spoken,implementers(of(iList)are represented(as/anixmlelement/andkeyvaluepairs(in
hash(tables(strictly[spoken,implementers(ofiiDictionary).

3.1.30Informationcapturediinimethods

XmlFilelisiveryusefuliwhenialllinformationliniobjectslisfaccessible vialproperties, butlthisisn’'tialways
thelcase.[Sometimesmethodslareused(tolstore(or(retrieve information, havinglsomeargumentswhich
aremotknownioXmlFile.Inthat/case XmlFilemay stilllbelused.

The(solutionlis as(follows:

Insteadloflaccessinglaniobject(directly,lanlintermediateobjectlislaccessedwhichimustiimplementithe
interface(lAggregate. Thislinterface’enables XmlFiletolaccess/allinecessarylinformationlinithe
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underlying/objectiinfalgenericiway.[Eachlobjectlisiaccessedvialanlaggregate, mostlyvialaldefault
aggregate, which(useslintrospectiontolaccessithelobject/properties. Butlitlis[possible towrite[@another
implementationofllAggregate, whichicontainsidedicatedicode({forispecificclass)whichiexposesall
information(ofianiobject{includingthelinformationcapturediinimethods)@asproperties. This[procedure
hasbeenladoptedtoreproducelalliinformationfromitheElementSeticlassiandthe Elementiclassi(both
arelpartioftheorg.OpenMI.Backbonelpackage).InMetalnfolthe laggregate(classshouldberegistered
forithelobjecticlassi(notinecessary foritheldefaultiaggregate).

3.2 StaticView

3.2.10XmlFile

TheXmlFilelclasscontainsigenericimethodstoreadand write[ XML files[(seeFigure3).[All[public
properties(oflanyobjecti¢an(belsaved(tolan XML ffileland(laterparsedlintoaniobject. Metalnfolisused
heavilytolcustomize(the layoutlofithe XML file.[The generallapproachforepresentianiobjectiwithlits
propertyvalueshas(been/discussediniSection(2.3.

cdDevelopmentSupport /

XmlFile

Read(targeti:object):ivoid

Read(targetiobject, file ZFileInfo)l:lvoid
GetRead(fileFileInfo)lobject
GetRead(file:FileInfo,0bjectTypel:Type)llobject
GetRegisteredTarget(rootlzobject,lidentifierobject)lobject
GetRegisteredFile(anObjectobject)IFileInfo
GetRegisteredObjects()Zlobject[]
DisposeObject(disposeObject:object)ivoid
Write(targetlzobject)ivoid

Write(targetlzobject, ffile ZFileInfo):void

+ o+ + + + + + o+ o+

Figure3Methodsofclass XmiFile

XmlFile'lMethods

Method Notes

Read{(object) Readsaniobjectfromfile Thef(fileforeadshouldhave
beeniregisteredwithitheobjectlearlieribyareadoriwrite
action

Read{object, file) Readsaniobjectfromffile

GetRead((file) :lobject Reads(andicreates(anlobjectfrom(algiven(file

GetRead(file, [type) :[object Createslandreads/aniobjectfromlalgiven(file.[Thelclass

typelofitheobjectitobelcreatediis/passed, whichimight
notbe(specifiedlinithefile

GetRegisteredTarget((root, (key) :[object Gets[anlobjectifrom(the XmIiFilelinternal(registrationigiven
thekey.[Sincelobjectkeysiareuinique withinthescopelof
onef(file, thelrootloflthefilelis[passed.

GetRegisteredFilel(object) :(file Gets(the filelassociatedwithlaniobject. Thelobjectishould
bertheTootoflsomeffile,lile.@ssociatedwiththefopXxml
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element.

GetRegisteredObjects() :llist Getsallistioflalliobjects, whichlare(knowntobethelroot
oflaffile.[The(rootoflalfilelisthe0bjectlassociated withthe
topxmlielement.

DisposeObjecti{object) RemovesianiobjectfromitheXmlFileregistration.[Tolbe
used(forireleasingimemory
Write[(object) Writes(an(objecttolanxmlfile(Thelregisteredfile(ofithe

objectiwillibeusedasxmlfile. Thislisthefilefowhichithe
objectiwaswrittenoriread fromlin(an(earlieristage

Write((object, [file) Writes(an(objecttolanxmlfile

TypicallusagelofiXmlFile

//Writesllcompositionltollfile
Compositionllcompositionll=[lnewlICompositionli() ;

XmlFile.Writell(composition,[lnewllFileInfo ("composition.xml") ;

//IUReadslJcompositionlifromfile

Compositionllcompositionll=[](Composition)[XmlFile.GetReadll(new
FileInfo ("composition.xml"));

3.2.2[/lIAggregate/andrelated classes

Anlaggregatelisiaclassithatiholdslathierarchicalldatafepresentationioffaniobject.lts[genericinature
accommodates(easymethodstolobtainlinformation(abouttheltypelandlthepropertiesofithe (object
represented, lincludingpropertieshiddenlinimethodicalls.[TheconceptioflanlAggregatelisibasedon
commonfunctionalitythatienableslinterrogationfand(serialization(of(an(object. ThelAggregate
interface((see(Figure4d)iis(definedaslaplatformiindependentiinterfacefofunctionalitythat'canbe
implementedin.NET [using[System.ReflectionorimplementediinJavalusinglintrospection.
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cdDev elopmentSupport /

«interface»
IAggregate

«property» Source()lobject
«property» Properties():[string[]
GetType(propertyl:string) [ Type
CanWrite(property :string)ibool
CanRead(property!:string)ilbool
GetValue(propertyl:istring)llobject

UpdateSource()void
UpdateAggregate().:lvoid

+ 4+ + + + + + + 4+

SetValue(property:string, targetiobject) void
GetReferencedValue(referencel:string) lobject

A

DefaultAggregate

DefaultAggregate(sourcezobject)
«property» [Source():lobject
«property» [Properties()istring[]
GetType(propertyl:string):(Type
CanWrite(propertyzstring)zibool
CanRead(property:string)i:lbool
GetValue(propertyl:string)iobject

UpdateSource():lvoid
UpdateAggregate():ivoid

+ + + + + + + + + + +

SetValue(propertyistring,[targetiobject)ivoid
GetReferencedValue(referencestring)Zlobject

FiguredlAggregatelinterfacelandidefaultimplementation

IAggregate/Properties’andMethods

Property(/IMethod

Notes

Sourcel:lobject

Thelunderlyinglobjectiwhichiholdstheactuallinformation.

Properties :(8tringlarray

Listlof(properties'whichican(bequeriedlinfalgenericiway

GetTypel(property) :ltype

Gets[the(class(type(ofione [oflthe properties

CanWrite{(property)ibool

Tellsiwhetherfaivaluelcanbelassigneditothelproperty

CanRead({(property)Tbool

Tellsiwhetherialvaluelcanbelretrieved fromithelproperty

GetValuel(property)-lobject

Getsithelvaluelofialproperty

SetValuel(property,object)

Setsithevaluelofiaproperty

GetReferencedValuel(property) :[object

Getslalpropertyvaluebylreference.Alreferencelisn't
necessarilylalproperty, buticanbeany(string,@asllonglaslit
canibelinterpretedbythelaggregate

UpdateSourcel() Tellsthelaggregate tolprocessalllinformationpassedwith
SetValuelcalls
UpdateAggregate() Tellsthelaggregate folprepareforisubsequentGetValue

calls
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DefaultAggregate PropertiesiandiMethods

Property/iIMethod Notes

DefaultAggregatel{object) Constructoriwhichigetsitheunderlyingsourceobject

Source :object Getsltheunderlyingisourcelobject

Properties :[8tringlarray Getsrallistioflalliproperties/definedlinthe(classtypeofithe
source.Reflectionlisusedtolgetithis list.

GetTypel(property) :type Getslthelclassl(type(ofalproperty(byreflection

CanWritel(property) :bool Indicateswhether(alproperty(¢anbewrittento.Reflectionlis
used.

CanRead((property) :[bool Indicateswhetherialpropertycanbelread.Reflectionlis
used.

GetValuel(property) :[0bject Getslalvalueforialcertainiproperty.Reflectionlisuised.

SetValuel(property, object) Setslavalueforialcertainproperty.Reflectionlis used

GetReferencedValuel(property) :[object| Gets/alreferencedvalue,lile.avaluelcorrespondingwithia
reference(stringwithinlthescopeloftheSource.
Implementationiis’delegatedito
XmlFile.GetRegisteredTarget.

UpdateSource(() Intended(forlupdating(the [sourceafterivariousSetValue
calls.[Takesnolaction,becauselalli$etValuecallsiare
delegated(directlytfolthelsourceobjectwithreflection.

UpdateAggregate () Intended forlupdatingthelaggregate beforevarious
GetValuelcalls.[Takesmnolaction, becauselallGetValuecalls
are(delegated(directlyfolthelsourcelobjectiwith(reflection.

Typicallusageloflanaggregate by XmlFile.[Alnewlobjectiiscreatedlandravalueforialpropertyis
assigneditolit.

//Createllallnewllinstancellforallknownltype
objectllsomeObjectll=[l0ObjectSupport.GetInstance (someType) ;

//lCreatellanllaggregatellforllthellnewllobject
IAggregatellaggregatell=lInewllDefaultAggregate (someObject) ;

//0Ifllwritable,setllallvaluellforllallknownllproperty
ifll(aggregate.CanWrite (property))

{
aggregate.SetValuell(property,llpropertyValue) ;

}

3.2.3[I1Metallnfo

Notialllproperties(oflalhierarchical datalstructure canbelunderstoodicorrectlywithoutéxtra
information.ThislextralinformationlaboutianiobjectiisiprovidediviatheMetalnfoclass(seelFigure5).
TheMetalnfo(classregistersextralpropertiesiaboutiobjects. Theseobjectsicanbelany Kind[oflobject,
eveni(classitypes.UsuallytherelisiSsomelconfiguration(partiofianiapplication,(settingtheseproperties,
andisome(generic(utilities, reading(these(properties. Inithisiwaythe(genericlutilitieswill [customize[their
behaviouritothe/demands(ofithatapplication.Forlexample, thisiclasslistheavilyusedbyxmlffileto
configurelitsfeadingandwriting formats.
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cdDevelopmentSupport /

Metalnfo

+01 Write(filezFileInfo)llvoid
Read(file :FileInfo)void

[1 SetAttribute(targetZobject, [subjectlzstring, targetValuelobject):ivoid

[1 SetAttribute(targetiZobject, propertyl:string,subjectistring, targetValue:object):ivoid

[1 GetAttribute(targetiType, subjectzstring)Zlobject

GetAttributeDefault(targetClassiType, 'subjecti:string,defaultValueiobject):lobject

[1 GetAttributeDefault(targetClassi:Type, property:string, subjectiistring, defaultValueobject)lobject

+
+
+
+
+0[1 GetAttribute(target:Type, propertyl:string,subjectl:string)lobject
+
+
+

[l GetProperties(targetClass:Type)string[]

Figure5Methods ofclass/Metalnfo

Method Notes

Write(file) Writes(all'metainfotoraffile

Read(file) Reads/allimetainfofromile

SetAttribute((classtype, Storesalvaluefforialclass{usuallyasiclasstypeoristring). Valuesfor
subject, value) different/subjects/can(bestored.

SetAttributel(classltype, Stores(alvalueforialclasslandiproperty.Values(for(different/subjects

property,subject, value)

can(bel(stored.

GetAttribute((classtype,
subject) :lobject

Getsithelstoredlinformationforfalclass¢oncerninglalcertainisubject.
Notionlythelclasslislexamined,butlalsolallisuperclassesiand
implementediinterfaces.

GetAttribute((class(type,
property,subject) :[object

Getslthelstoredlinformationforlalclassandpropertyconcerninga
certain(subject.[Notonlythelclasslislexamined, butlalsoall
superclassesandiimplemented interfaces.

GetAttributeDefault[{(class(iype,
subject,[default) :Tobject

Getslthelstoredlinformationfor(alclass¢oncerninglalcertainsubject.
Notionlythelclasslisiexamined,butalsoallisuperclassesiand
implementedlinterfaces.Ifthe valuelisnotifound, the[defaultvaluelis
returned.

GetAttributeDefault[(classtype,
property,subject,default) :
object

Getslthelstoredlinformationforialclassiandipropertyconcerning(a
certain(subject.Notlonlythelclasslislexamined,butlalsoall
superclasses/andlimplementediinterfaces. Ifthe valuelis notfound,
theldefaultvaluelisreturned.

GetProperties({classtype)

Getsallistiof(alllproperties(in(aclassforiwhich@valuehasbeen
stored.[Alllsuperclassesiandiimplementediinterfaces(ofthe(classlare
examinedtoo.

The(following(gives(alsmalllexamplehow io[setland(getlinformationusingMetalnfo

//SetsllthellvaluelltruelltollsubjectlXmlKeyllofllpropertyllIDlinlIlclass/Element

MetaInfo.SetAttributell(typeof (Element) ,[J"ID",[I"XmlKey",

true) ;

//UGetslIthellsamellvaluellandlsuppliesllalldefaultiivaluellifllnotlfound
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ifll((bool)[IMetaInfo.GetAttributeDefaultll(typeof (Element)),"ID",[I"XmlKey",
false) )llDoSomething () ;

The(followingtableleéxplainsitheMetalnfolproperties(utilized by the[XmlIFile[class.

Table ExplanationofiMetalnfolproperties oficlass XmlFile

Property Description

ObjectAggregate queriedifor:eachiclasstypelencounteredduringreadinglandiwriting
expectedtype:(string

defaultivalue:DefaultAggregate

meaning: Specifiesithe(classitypelofianaggregate.Forieachlobjectlidentified by
anxmllelementianiaggregatelisiinstantiated. Thelaggregateservesasanin
between"(object betweentheobjectiand XmlFile.

NOTE:XmlFilelexpectsithatthelaggregatehaslalconstructoriwith[onelargument,
thelunderlying/object.

XmlFile queriedifor:eachiclasstypelencountered/duringwriting

expecteditype: Boolean

defaultivalue:false
meaning:Indicateswhetherianiobjectofithelspecifiedtypeshouldbe Wwrittenlas(a
separateXML file.[AnIXML fileland(filelnamelcanibe generated(ifinot knowntothe
XmlFilelobject.[Arelativepathfothis XML filelis writtenlinthe [parent XML file.

Onlreading, liflalreferencelislencounteredtolsuchfan XML file, thisreferredfilelis
readlimmediately.

XmlISchema queriedifor:thelclassiypelencounterediatithefopofianixml(file[duringfeading
expecteditype:(string

defaultivalue:mull
meaning:Thenamelofithexsdfilelagainstiwhichxmlvalidationiisperformed.
Whenthisvaluelisnull, noxmlivalidationlisperformed.

XmINameSpace queriedifor:thelclassiypelencounterediatithefopofianxmlfileduringwriting
expecteditype:(string

defaultivalue:mull
meaning:Thexmlinamespace.Whenvalidationlisperformedragainstiaischema
(xsdffile), thexmlffile[musthavelanxmlnamespace.[Forcorrectvalidationthexml
namespacemustibethelsameasitheonelspecifiedlinithexsd(file.

XsdPackage queriedifor:thelclassitypelencounterediatithefopofianixmlffile[duringreading
expecteditype:(string

defaultivalue:null
meaning:Indicatesthe@assemblywhichlcontainsthexsdfile[(denotedwith
XmlSchema).

XmlElement queriedifor:eachipropertylinianiobjectiduringiwriting
expectedtype: Boolean

defaultivalue:irue
meaning:Indicatesiwhetherlalpropertyshouldbe writtento XML.
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Property

Description

XmiKey

queriedifor:eachpropertylinianiobjectiduringwriting

expecteditype: Boolean

defaultivalue:false

meaning:Indicatesiwhetheriaipropertyshouldbewrittento XML if the
correspondinglobjecthasbeeniwrittenfothe XML file before. Thisloccurswhenlthe
datalstructurelisn'tthierarchical.[©Onlythefirstitimelitlislencounteredonwriting, fitlis
written[outlcompletely.Nextimesonlyareferencelis writtenfothe(firstioccurrence.
Thelkeylofthelobjectlisiusedlas(reference.

Thekeyoftheentirelobjectlisithe@ombinationofalliproperties(denotedas (XML
key.[Thiskeylshouldbeluniquelpericlassitype per XML file.

XmlAllowGeneration

queriedifor:eachipropertylinianiobjectiduringwriting, whichlis’denotedlasanxml
key.

expecteditype: Boolean

defaultivalue:irue
meaning:indicatesiwhetherigeneration(ofiakeyvaluelisallowedlifithe property
valuelislempty(i.e.mulllor@alstring(ofllengthzerolorialstringlonlycontaining
spaces).(Ifigenerationlisitobelcarriedout,@uniquenumberlisiassigneditothe
propertyvalue. Thelpropertyitypelisiexpected(tobelanlintegeriorialstring.

XmIName

queriedifor:eachipropertylinaniobjectduringwritinglandreading

expecteditype: string

defaultivalue:theproperty nameas/definedlinitheclass
meaning:Providesthename(forithe[ XML elementior’ XML attributelinthe XML file
foralproperty.

XmIRefName

queriedfor:(each(propertylinfan(object/duringwritinglandreading, lif theobjectlis
orwillibewrittenfaslareferenceoralprioriobjectiinthe XML ile.

expecteditype: string

defaultivalue:theXXMLname

meaning:Providesthename(forithe[( XML elementor XML [attributelin the XML Tile
foralproperty,.

XmlltemName

queriedfor:leachmemberioffarcollectionduringiwriting

expecteditype: string

defaultivalue:thelsinglemame(derivedfromthe XML nameofthecollection
object,(e.g.thelsinglename(oflthe collectionimame("nodes", "nodellist","node set"
ornodelcollection"willbe"node".

meaning: Providesthemame(forthexmlielementiinithe xmlffile[for(alcollection
member.

XmlRefltemName

queriedfor:leachimemberioffarcollectionduringwriting, lifthememberwillibe
written(as(alreference(tolalprioriobjectlinithe XMLIfile.

expecteditype: string

defaultivalue:thesingle (name(derived fromithe XML name oflthe(collection.
meaning:ProvidesthemameforitheXMLelementiinithe XML file forfaicollection
member.

XmlltemType

queriedfor:(each(collection(propertyinfaniobject/during(readinglandwriting
expecteditype: string
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Property

Description

defaultivalue:mnull
meaning: Definesthelclass(typelofcollectionimembers.fiset, classtype
informationicanbeomittedduringwriting.

XmlITypeAlias

queriedfor:eachtypeldefinitionlencounterediinithe XML file[duringreading
expecteditype: string

defaultivalue:thesameliypedefinition.
meaning:Definesthelclassinamel((includingimamespaces)iobelinstantiated fora
typeldefinitionlinithe XML ffile.[Thislis[usefullifraclasshasbeenienamediand XML
files[stilllcontaintheoldclassmame.

XmlParent

queriedifor:eachpropertylinianiobjectiduringwriting

expecteditype: object

defaultivalue:mull

meaning:Definesithepropertyofianiobject, whichfunctionsiasitsiparent,ile.the
xmliparentelementlinthe xmifile.[Foriexample, thellElementSethas“Parent”for
thisivalue.Whenthelaggregateofitheelementisetlislasked foritheproperty
“Parent”,lit[Searches(forthellinkable[componentiwhichlownsthelelement(set.
Ifthevaluelisnull, XmlFilelassumesithatitheobjectiwhichihasthisiobjectasia
propertylis’the(parent.

Xmllndex

queriedfor:(each(propertylinfan/object/duringiwriting

expecteditype: integer

defaultivalue:[1000

meaning:Definesialsortingmumberofithe XMLelement.[During write, XML child
elementslarelsorted(accordingltothisisortinginumber, lifilequallalphabetically.

3.2.4(1Supporticlasses

Tolaccommodate(proper handling/of(data,@ainumber(ofisupport/classeshavebeenideveloped(see
Figure[6).[TheObjectSupporticlassprovidesigenericfunctionsiinrespectiwithiobjectihandling.[The
FileSupport(classiprovides(generic[functionality fohandle relative(file [paths.
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cdDevelopmentSupport /

ObjectSupport

[ GetCopy(sourceobject)lobject

GetCopy(source :object, (pathistring)ilobject

[1 Copy(sourcel:object, target:object)Ivoid

[ Copy(sourceliobject,[targetiobject,pathlistring)iivoid

LoadAssembly(assemblyName!:string):ivoid

[ GetType(ClassTypelistring)IType

[1 Getlnstance(classTypel:string)lobject

L~

classTypel:string,(baseValueZlobject)lobject

[1 Getlnstance
Getlnstance

=

typel:Type)tlobject

Getlnstance

—~

typeliType,baseValueobject):lobject

[1 Getlnstance

I~

+
+
+
+
+
+01 IsLoadedAssembly(assemblyZAssembly)bool
+
+
+
+
+
+

typel:Type,baseValuelobject, cultureZCulturelnfo)llobject

FileSupport

GetRelativePath(baseDirectoryIDirectorylnfo,targetFile ZFileInfo)[Zstring

GetRelativePath(baseDirectory:Directorylnfo, targetDir:Directorylnfo)Clstring

ExpandRelativePath(BaseDirectory:DirectoryInfo, TargetFile :String)I(FileInfo

+0
+

+0
+0

ExpandRelativeDirectory(BaseDirectory:DirectoryInfo, TargetDir:String) I DirectoryInfo

CollectionSupport

+1 ContainsObject(collection:lCollection, targetizobject)ibool

+0 ToArmay(list:IList):lobject]]

Figure6/Overview of(Support/classes

ObjectSupportiMethods

Method

Notes

GetCopyI(source) copiediobject

Getslaldeeplcopyofiaspecifiedobject. Deep
copying(copies/alllprimitive[andlenumeration
propertiesiandithe propertiesforiwhichiMetalnfo
"ObjectCopy"lissetioirue

GetCopyl(source, path) :(copied(object

Getslaldeep(copy/ofialspecified(objectland(copies
referencedfiles(Deepicopying[copies all primitive
andenumeration(propertiesiandithepropertiesfor
whichMetalnfoObjectCopy"lis/setitoltrue

Iffilesiarelencountered, theylare/copiedtoo./Alpath
is[suppliedwherelcopied(fileswilllbeplaced.The
pathiisrelativetotheloriginallocationioflthe(files

CopyI(source, copiediobject)

Deepicopieslallipropertiesiofisourcelintothe
properties|oftargetDeeplicopying(copies(allprimitive
andlenumeration(propertiesiandithepropertiesfor
whichMetalnfo"ObjectCopy"lis/settoltrue

Copyl(source, copiedlobject, [path)

Deeplcopiesalliproperties of[sourcelintothe
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Method

Notes

propertiesiofitarget,includingfiles(Deeplcopying
copieslallprimitive(andlenumeration(propertiesiand
thelpropertiesforiwhichMetalnfoMObjectCopy"iis
setltoltrue.

Iffilesiarelencountered, theylare copieditoo.Alpath

isisuppliedwhere copiedfileswill be[placed. The
pathiisirelative fotheloriginallocation(ofthe files

CopyFile((file, [path) :[copiedTiile

Getslalcopyofiafile.fthefile[doesn'tlexist, the
copiedfilewillinotlexistineither.[Alrelativepathlis
suppliedwhere(thecopied(file willlbe[placed.

LoadAssembly(assemblyiname)

Loadslaniassembly.Thelfassemblynamecanibe
either(alfull(path(to(a(fileorafulllorpartial name(of
anlassemblyregisterediinthe[GAC./Anlempty
assemblynamelislignored.

IsLoadedAssembly((assembly)

Tellsiwhetherfaniassemblyhasbeenlloaded already

GetTypel{classiname) :(type

Getslthelclassiobjectgivenalstringldescribingthe
class. Thelassemblieslloadedwith[LoadAssembly
arelexamined

Getlnstancel(classiname) :[object

Createslanew(object.[Typeswithlanargumentless
constructoricanbelcreatedthisiway

Getlnstance({(classihame, basevalue) :Tobject

Creates/anew/objectlusinglabasevaluee.g.[a
stringwith(its(value).Thisvaluelis(passed(as
argumenttolthelconstructor.Normallyprimitives,
enumerationsfandisomevalueltypesicanibe
instantiatedthisiway.[Alsotypeswithiconstructors
havinglonelargument/¢canbelinstantiated.

Getlnstance((type) :[object

Createslanew/object. Typeswithlanlargumentless
constructoricanbelcreatedthisiway

Getlnstancel((type, (baselvalue) :lobject

Createslanew/objectlusinglabasevaluel(e.g.[a
string/with(its(value).This(valuelis(passed(as
argumenttolthelconstructor.Normallyprimitives,
enumerationsiandisomevalueltypesicanibe
instantiatedthisiway.[Alsoltypeswithiconstructors
havinglonelargument/¢canbelinstantiated.

Getlnstance((type, (baselvalue, culture) :[objectl)

Creates(anew(object/usinglalbase(valuel(e.g.[a
stringwithlitsivalue).Thisvaluelis(passedas
argumentitolthel[constructor. Normallyprimitives,
enumerationsfandisomevaluefypesicanibe
instantiated thisiway.[Alsoltypesiwith(constructors
havinglonelfargumenticanibelinstantiated. Culture
infolused(for(parsingthe(base(value.
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FileSupportiMethods

Method

Notes

GetRelativePath({directory,file) :[string

Gets(thelrelativepathfromraistarting
directoryfolafile

GetRelativePath{directory, [directory) :[String Getslthelrelative [pathfromalstarting

directorytolaldirectory

ExpandRelativePath{directory, Telativelpath) :Tile Expandsiafrelativepathiforafile

ExpandRelativeDirectory{directory, relativepath) :Idirectoryl] | Expandsiairelativepathiolaldirectory

CollectionSupportMethods

Method

Notes

ContainsObiject({collection, object) :(booll]

Indicatesiwhetherlan(objectlis(¢containedbyalcollectionby
comparing(references.TheEqualsimethodlisnotiused,lin
contrarywithithe[ContainsmethodlintheArrayList.

ToArray((collection) :larraylobject

Convertsalcollectionfolaniarray

3.2.5(ICalendarConvertericlass

Within[OpenMl, timelisrepresented(aslalModifiedJulian(Date, ile. the[numberiofidays(since
November17,1858./AsmanymodelsanduseriinterfacesicommunicatelintheGregorian/calendar
(e.g.[January(1,12005),alclass[hasbeen(developedtolconvert/calendarlinformation, lile.[convertia
gregorian(DateTimelobjectlintolaModifiedJulianDataldoublelandvice versa.[This classcurrentlyis

named(CalendarConverter((see(Figure(T).

cdDev elopmentSupport /

CalendarConv erter

+[] Gregorian2ModifiedJulian(gregorianDate:DateTime)l:double

+1 ModifiedJulian2Gregorian(modifiedJulianDate “double)IDateTime

Figure7(Methods ofthe/classCalendarConverter

Method Notes

Gregorian2ModifiedJulian(Date Time) :[double ConvertsialDateTimelobjecttomodified(julian
date

ModifiedJulian2Gregorian{double) :[Date Time ConvertsiaimodifiedfjulianidatetofaDateTime
object
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3.3[)Dynamic(view

3.3.10Behaviourilogiclof XmlIFile

Aslindicated,‘read’ landwrite’ functionslof XmlFilelaretheimainimethods thatlareinvokedbylexternal
softwarepackages.[Thelprocessingloflinformation(is[donexmlelementbyxmlelement.Thelogical
behaviouriofiXmlFile[canbestbelillustrated bylactivity[diagramsishowingtheldecisionlogicwhich
determines(thelinternalicalls.Thelactivity[diagram(of(Figure 8[showsthealgorithmhowXmlFile reads
anxmlfile.

XmlFilelprocessesianxmlielementiandithenprogressesitolallxmlisublelements.[Eachxml
sublelementlis(processed(inthelsameway/(thislis[performedbyalfecursive(¢all tolreadxmlelement).
Whenranobjectiisreferencedlinfanotherunread xmlfile, firstithatfilelis readbyarecursivecall.'When
XmlFileleomes(tolthelconclusionthatanxmllelementidenotesialreferencetolanialreadylexisting
object,[aldatastorelislaccessediolretrieve thislobject. Identified by file,[objectlidentifiersfand typeof
thelobject, thelrightlinstancecan(be(retrieved. Iflitlis(notthere,[@an(exceptionlisraised.When readingla
fully writtenfoutixmllelement, thelihstantiatediobjectlisstoredlintheldatalstore, becauselitimaybe
referred(tofurtherdownlinthexml(file.[ Theldatalstorelis[persistentduring(thelifetimeof XmlFile.

ThelactivityldiagramiofiFigureQlillustratestheralgorithmforiwritinganxmlfile. Whenwritingan
xmlffile, morelorilessithelsame(structurelisusedlas(duringreadinglanxmil(file.Now XmlFilelprocesses
allipropertiesiofianiobjectiandwrites(correspondingxmlelementsfandattributes.lArecursivelcalllis
useditolwritesubpropertieslintoxmlsublelements.
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adRead Xml(File ~
ReadXmlFile ‘

\( Read XmlFile )

( ReadXmlElement \
J

Linkdefinition?

SubActjvity No

Linksltolanother(file?

Instantiate 'objectias

"Main"

Filethasibeeniread?

Gut "Main"[objectlin'store

No Ye

<__________

ReadReferenced Xml
File oo

Getlobjectifromistore )r--->

Registered

«datastore»

objects

Retum(objectfrom [Store

iterative

SublAcfivity

Read XmlSubelement

oo

(

Assignsubobjectito
"Main"lobject

®

Retun™Main"(object

Figure8Readinganxmlifile;(behaviourllogicof theclass XmIiFile
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adWrite Xml(File /

Write Xml File

( Write Xml(File )

SublActjvity

(Startrw ritingrobjectras\

xmllelement /

ﬂVrite]eferencedE(mI]ile

\ >
Objecthasibeen written
infanother(ile?
Yeos N
'“ Sub Aftivity
\l/ Y¢s
CWrite file(reference 3s) N
attribute Objectlis'supposedtobe
Objecthasbeen writtenlinlanotherxml(file?

writtenfineurrentfile?

Yqgs Ng

«datastore»

(WriteEIassmeﬂnition}s) < Putiobjectinstore }____>, Registered

attribute objects

Write (key/propertiesas Write class definitionias
attributes attribute

iterative

Write (other(object
propertiesasxml
elements ©©

properties as(attributes

(Write [primitive object

Finishiwritinglobject

asixmlelement ®
Finishiwritinglobject
asixmlelement

Figure9(Writinglanxml(file; logical lbehaviour/ofithe XmiFile class
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3.3.2[1Exceptions

Utilizing[algenericparserforreading[ XML [files fequires[properlexceptionhandling.Table(2 provides
anloverview(ofthelexceptionsigeneratedibyclasseslinithelorg.OpenMI.DevelopmentSupportipackage.

HarmonIT®2005

Table2[Overview(of exceptions/generated by
org.OpenMI.DevelopmentSupport

Class Method Exceptions
XmlFile +Read(object) Cannotffindffiletoread
+Read(object, Cannotiresolvelclassitypewhenianiobjectforianxml
objectType) elementimustbelinstantiated
+GetReadl(file) Cannotifindclasstype
+GetRead(file, Xmlelementholds[ameference, butreferencedobject
objectType) cannotibefound
Schemalcannotbelfoundialthoughlitthasbeenspecified
inMMetalnfo
Validationlerroriwhenxmlffile [doesn'tteetspecified
schema
XmlFile +Write(object) Cannotiderivelkeyforiobjectiwhichmustbewrittenlasia
+Write[(object, file) reference.ProbablyMetalnfolisimissing(forithelclassiand
subjectiXmlKey
ObjectSupport +GetType(ClassType)r| Classicannotbefound
ObjectSupport +LoadAssembly Assemblyc¢annotbefoundlinthe[GAC
(assemblyName)
DefaultAggregate | +GetValue(property)(] | Internaliéxceptioniraised(bylthelsource objectiwhen
gettingthevalue
DefaultAggregate | +SetValue(property, Internallexceptionraisedbythelsourcelobjectiwhen
target/object) gettinglthelvalue

3.4 Implementationremarks

3.4.11/C#limplementation

Thelcorrectlimplementation(oflalllmethodshasbeen testedusingdedicated Unitiestsin[combination
withtheNUnitiframeworkforitesting.

3.4.2(1Javalimplementation

NolJavalimplementationlis(available.
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