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This(paper

This[paper contains the summary (0fthe(org. OpenMI.Standard, the Open Modelling
Interfacespecificationfolexplicitly [define, [describeland transfer/data,[(i.e. iumerical
datalvariablelin/spaceand/time), between/componentsonlaltime basis, including
associated[domponentaccess. The full textVersion isicontained in[the[document:
Gijsbers, [P.J.A. (ed.)[(2005) ThelOpenMI Document Series Part/CTIThe
org.OpenMI Standardlinterfacespecification.l(v.1.0.0)

This(full textversionislavailable on www.openmi.orglandislalsoincluded/inlthe
OpenMIisoftware(releaseavailabletinder ILesser GPLTicense/conditions.

OpenMllis/developed (aspartofithe HarmonlIT research projectco funded by [the
European/Commission/(Contract EVK1[CT[2001[00090). Itlis the ambition(oflthe
HarmonlIT consortium [fo furn @penMlIlintolawidely [dccepted “standard’ [for model
linkagelin/the water(andpossiblyenvironmental[domain.

Introducing OpenMI

Integrated [Gatchmentmanagement [asks forintegrated [@nalysis[that/Gan belsupported
by lintegrated modelling[systems. Thesemodelling/systems/can/only be/developedand
maintained/ifithey(arebasedon(alcollection 0fTinterlinked thodels. OpenMI Hasbeen
developed/tolprovidealwidelylaccepted uinified method [tolink hodels, both legacy
codeland/new ones.

Model applications/consist/0fany [parts, [the most([dommon being [the liser
interface, linput/files, thelénginelandoutput(files. OpenMIonly [addresses theengine
partloflaimodellapplication, wheredmodelcan be rfegarded (as(an [entity [thatcan
provideldataland/or/acceptidata. Wsingthis/dataleéxchange [paradigmas/aleading
principle [formhodel linkage, OpenMIisbased [On direct/access0fithe hodel atrun
time, thus motusing [files[for dataleéxchange. Tnlorder [fotake this[possible,[thelengine
needs to be turnedlintolanengine/componentand/theengine domponentieeds to
implement/an/interfacethroughWhich(the(datalinsidethe componentlisaccessible.
OpenMI(definesalstandard/interface that/éngine [componentsmustimplement to
become OpenMIicompliant/énginelcomponents. 'Whenlanénginedomponent
implements this/interfacelit(becomesalinkable component.

Thelinkable component interface(énables(on(line (imemory based)data
exchange [between/componentsonlaltime(e.g. dltime stamp [Or d[time[span). By
combining|thisTinkable/domponentiinterface witha[state thanagement/interface,
advanced/modelcombinations(can bedeveloped with simple controllers(forliteration
orOoptimization purposes. Mostimportant ioweveris the factthat[(OpenMI is rot
basedlon/framework, (it[is based [dcommunicating linkable[domponents (only.

Inisummary, @penMlI(primarily focuses/onproviding[alcomplete [protocol to
explicitly(define,describeland [transfer((numerical) databetween components(on(a
time[basis, includingassociated (component/access.
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OpenMI:arequest/&replyarchitecture

OpenMllisbasedonthe‘request(& reply’ imechanism.[According to[Buschmann/et(al.
(1996),[OpenMI lislapull(based pipeland filter/architecture whichconsists (0f
communicating/domponents (sourceland[target components) whichlexchange(datalinla
preldefined/wayland/inalpre(defined format. (OpenMI(definesboth[the component
interfacesas wellas How thedatalisbeingléxchanged. The lcomponents in OpenMIare
calledlinkable/components to indicate thatlitinvolves/components that/can be(linked
together.

From(the(data@xchange perspective, OpenMIlis[ad/purelysingle threaded
architecture whereanlinstanceoflallinkable .componenthandles (only [one datalrequest
atlaltimebefore/acting iponlanother request. Matalexchangelinthe OpenMI |
architecturelis[triggered by [d[domponentatthe(end 0flthe [domponentichain. Once
triggered, [components/éxchangedatalautonomously (without/any type of'supervising
authority. Tflnecessary, domponents starttheir own computing [process/to [produce [the
requested data.(Only when outputmeeds/tolconvergelto alcertain/criteria,(a
LinkableComponentwithcontrolling functionality thightreed [to(belincorporated.

HowOpenMlladdresses(generallissues/ofimodellinkage

TheOpenMlstandard [addressesthe followingitems required/formodel linkage:

e Dataldefinition:

Thebasedatathodel 0f OpenMIladdressesthe iumerical values itself, [and fits
semantics|ih [terms(ofiquantity [(what),l€lement(set/(where), time[(when), and data
operations/(how). Therelevant/interfaces/are represented in [Higure(l.

e Metaldata/defining potentially exchangeable/data:
Quantities,élements/setsland(datalOperations/are combined /in€xchangelitem
definitions/toldescribe the datalthat/dan potentially (be provided(andaccepted by a
linkable/domponent/(see Figure(2)

e Definition/oflactuallyexchanged data:

Allink[describes/the datato[beeéxchanged, [in [ferms[oflalquantity[Onlan €lement set
usingdertain/dataloperations.(See(Figure(2)

e Dataltransfer:

Linkable/components/canléxchangeldata by apull thechanism, heaning that(a
(target)[domponent thatrequires inputlasks/alsource component[for al(set0f)
value(s)for(algiveniquantity lonalsetofidlements((i.e. locations) for[a[given/time.
Iflrequired, [the[source componenticalculates/these[values/and(returns [them. This
pullimechanism Has/beenéncapsulated/inonesinglemethod, the (GetValues()[]
method. Dependent(on [thelstatus(of'theSource component, this/call may require
associated[Computation/and/évenmore requestsforidata. [Anlimportant(featurefis
theobligation/thatldomponents/alwaysdeal (with requestsin/order(oflreceipt.

e Generic/component(access:

Alllfunctionality comes/available folother components[through one baselinterface,
thelinkable/componentlinterface(seeFigure2). Thislinterface needs to be
implemented by [any domponent[to become OpenMI (complaint. [ Twoloptional
interfaces have(been defined to lextend!its functionality [with discretetime
information[andstatemanagement/((seeFigure2).Tolocatelandaccess/the binary
software unitlimplementing [the interface, (the OMI file has (been(defined. The OMI
filelislan XML [fileoflapredefined XSD formatwhich containsinformation/about
the(class [tolinstantiate, ihformation about/the [@ssembly hosting the classand(the
arguments meeded(forlinitialization (see [Figure(3, Figure4 [and Figure(5).
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e Eventmechanism
Inladditionlto[thelabove mentioned functionalitiesto link [components,(a
lightweight/éventmechanism has [been introduced((interfaces definedin Figure(2).
Vialthismechanismlawidelrangeofimessages/danbepassed/tolenable calllstack
tracing, [progress monitoringland/toflagstatuschanges which might triggerother
components/(e.g. visualization [tools) to request for(datalviala[GetValues() [call.

By/donvention/allinkable[domponent has [to throw [anlexception/ifian/internally
irrecoverablelerror(occurs. Thisléxception/should bebased(onthe Exception(dlasslas
provided by the development énvironment.

Consequences/ofithe OpenMiiarchitecture foramodel

TheOpenMlIenablesmodellengines [to[computeland(eéxchangedataattheirlown
heartbeat, without/any [éxternalcontrol imechanism. Ieadlocks are [prevented by ‘the
obligation(oflalcomponentlalways to return(alvaluewhateverthe(situation. 'When(€ach
modellislasked [for(datalit[decideshow(to [providelit =it thay[already havethe(datalina
bufferbecause/ithas [previouslyrunithe @ppropriate(simulation, [or By funningits[own
simulation(orcalculation, lor by (makinga[best/estimate Viainterpolation(or
extrapolation. Orlitimaynotbelable [to [providethe requested data, so[will raiselan
exception.Thelexchange ofldatalatrun tfimelis[@dutomated(anddriven by [the [pre [
defined Tinks, With mo lumanintervention.

Tolbecome anOpenMIlinkable component, almodelhas/to:

e belableltolexposelinformation/(what, Wwhere) to the(outside world [0nthe modeled
variableswhichlitlis[can[provide, or Wwhich[itfisable/todccept;

e submit/forun/fimelcontrol bylanloutside entity;

e belstructured/in/alway[that/initialization [is[separate[from [computation, where
boundary [conditionsare(collected/inthe [ computation phaselandnot/during
initialization;

e belableltolprovidelthevalues/ofithe modeled variables fortherequested points/in
timeland space;

e belableltolrespond/toalrequest, évenwhenthe domponentlitselflis/time
independent;iflsuch response requires(datafromanother/[component, [the
component/should Belable topassonltheltimelasiwell inlits(Own[request.

e Inlcase/somelvalues/in/thelvaluelsetlare missing, thisshould beflagged/inthe
valuelset.

e Inlthelexceptional(case thatianlentirelvaluelsetlisinavailable, anléxceptionneeds
tolbelthrown. Belaware thatsuchlexception(will[stop [theeéntire computation
process/and/thus/shouldbeprevented whenever possible.

Thelutilization(phases(oflan(OpenMIllinkable.component

An[OpenMI linkablecomponentprovides(avariety [0flservices which/can be hitilized
in/various [phases/ofideployment. Figure(6 [provides(anoverview (0flthe [phasesthatican
belidentified, [andthe methods whichmightbel(logically)invoked(at/éach phase.
While thelsequenceofphases(is[prescribed, thesequenceoflcalls withindach phaselis
notlprescribed.
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ID | Phase Description

111 | Initialization] | Thislphaseleénds(by the/situationwherelallinkable component
has[sufficient’knowledge [to [populateitselfwith thodel [dataland
exposelitslexchangelitems.Whether thelinkable [component(has
beenpopulated withmodel [dataldepends(on/thesolution/chosen
bylthe/dodeldeveloper.

17| Inspection'& Dependent(on [the[setting [this[phase thight[be [Very[static ‘and
Configuration | straightforward(orvery/dynamic. Thelend|situation(0f'this
phaselisthefollowing:[Thelinks have Been defined landadded
and [thelcomponent hasvalidated [its status

III[] Preparation Thisphase(isentered just before [the domputation/dataretrieval
process|starts. Itsmain/purposelis to [define alcleartakeloff
position beforethe bulky work Toad [starts.

IV | Computation!/] | Duringlthis(phase, the heavy Work load willbelexecuted land
execution associateddataltransfer will[getbulky.

Theldatatransfer mechanism 0f{OpenMllis(defined [as(a
request(teplyservice echanism, Having(directlinteraction
between [tiwolinkable lcomponents(without/any ihvolvement/of
external facilities.[Two [typesofidata[fransfer(are distinguished:
unidirectional [data transfer(and bildirectional [dataltransfer.

V1| Finish This[phase domes directly(afterthe computation/data retrieval
processlisicompleted. Code(developers/can/utilize(this [phaseto
closetheirfiles[and metwork [Connections, [dlean ip memory [etc.

VI | Disposure Thislis[phase(isentered at/themomentan application/isiclosed.
Alllremaining[objectsare(cleanedand/allmemory [(of
unmanaged/code)is/delallocated. Code developerslarenot
forcedtolaccommodate relinitializationoflallinkable
component afterDispose() (has bBeen called.

Notelthat(linkable components may [support/dynamicladding/and femoving links at
computation/time. However, @sladdressed [ih the[grouping lofldeployment phases, [this
requirementis mot/énforced. Thosewho[domnotIsupport this hethod[c¢all at
computation/time[should/throw(aneéxception.

Finallremarks

Inlprinciple,the GetValues()call[stack [0flall linkable[domponents [takes [placeinlone
thread. ILinkable[Components(may [internally ise distributed [computing[techniquesto
improvedomputational éfficiency.

Codeldevelopers tay create [dontainer([componentsholdingother[components,
as(long/as/theldontainer implements ‘the linkable component/interface.

By lseparatingvarious[phases(ofideployment,codeldevelopers/danichoose
themselves/when [to [instantiate [and [populate(the(éngines. [Exchange litem information
might(belobtained [from[thelengine, (butimay (also belcaptured [ih files Wwhich areparsed
during(thelinspection phase. Exchangelitem information might/also bederived
dynamically by queryinglinked [components.

Thelelement Set/contains @ [Version mumber which(can beitilized to
accommodate [dynamic/changes(oflthe content.
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What

When

Where

How

cdlorg.OpenMI.Standard J

dataldefinitions

«interface»
IQuantity

«interface»

«enumeration»

1Unit DimensionBase
+  «property»ID().istring + «property»ID():string +
+ «property» Description().:string +  «property» Description () :string o
+  «property» V?/US T%/pe(): V?/UST.YPS + «property» ConversionFactorToSl().:idouble +
+  «property» Dimension(). IDimension + «property»OffSetToSl():idouble +
+ «property» Unit() 2 1Unit +0 Temperature:
e +.1 AmountOfSubstance:
«interface» i -
«enumeration» ) ) + Lumlnouslrr)tensny. I
ValueType IDimension +(1 Currency: =7
+ GetPower(baseQuantity :DimensionBase) :idoubl¢ +0 NUM_BASE_DIMENSIONS:
N + Equals(otherDimension :IDimension):bool
+
«interface»
IValueSet
+ «property» Count().1int
+ IsValid(elementindex:int) :lbool
4 [} «interface»
IVector
«interface» «interface» G 10 doubl
+ «property» XComponent() :idouble
IScalarSed iVectorSet + «property» YComponent().:.double
+ GetScalar(elementindex :int).:idouble + GetVector(felementindex!:int).:[IVector + «property» ZConponent() :idouble
«interface»
ITime
«interface» «interface»
ITimeSpan ITimeStamp
+ «property» Start() :[TimeStanmp + «property» ModifiedJulianDay() :idouble
+ «property» End() :[[TimeStanp
RN REED «enumeration»
IElementSet ElementType
+ «property» ID() :string p
+ «property» Description() :string "
+ «property» SpatialF ()21ISE o
+ «property» ElementType()  [ElementType o
+ «property» ElementCount() :lint o
+ «property» Version().:lint o
+ GetElementindex(elementID :string) i int o
+ GetElementID(elementindex :int) :string : iiill;’zleL{;\es
+ GetVertexCount(elementindex!(:int) :lint o XYZPongon'
+ GetFaceCount(elementindex!:int).ilint . XYZPonhed;'on
+ GetFaceVertexindices(el: tindex :int, facelndex:int) :Lint[] Y )
+ GetXCoordinate(elementindex!:int, vertexindex :int).:idouble
+ GetYCoordinate(elementindex!:int, vertexindex :int).:idouble «interfacen
+ GetZCoordinate(elementindexL:int, \vertexindex':int) zidouble ISpatialReference intorface
« »
+ «property»!ID() :string IArgument
+ «property» Key():string
+ «property» Value() :string
+ «property» ReadOnly().:lbool
+ «property» Description().:lstring
«interface»
IDataOperation
+ Initialize(properties|:IArgument[]) :ivoid
+ «property»!ID() :string
+ «property» ArgumentCount() :lint
+ GetArgument(argumentindex :int) .z IArgument
o

IsValid(inputExchangeltem:linputExchangeltem loutputExchangeltem :IOutputExchangeltem, SelectedDataOperations :IDataOperation([]).:.bool

FigurelData(definitionsin/theorg.OpenMI.Standard interface(specification
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cdlorg.OpenMI.Standard
exchanged i,
IEvent
«interface» + «property» Type() :[EventType
IExchangeltem + «property» Description() :'string
+  «property» Quantity(:Quantity + «property» Sgnder() 3 IL{nkab.le(‘)onponent
+ «property» ElementSet():[ElementSet * «pmper.ty» SIITIJIEHL?HTIVTE().. LIS
4 Z} + GetAttribute (key!:string).lobject
«interface» «interface» «enumeration»
linputExchangeltem 10utputExchangeltem EventType
+ «property»DataOperationCount() lint +
+ GetDataOperation(dataOperationindex :int) i IDataOperation +
+
+[1 GlobalProgress: I
+[1 TimeStepProgre:
specificationwhatwill[be s
+[1 TargetBeforeGetValuesCa
eXChan ed @nd mow +11 SourceAfterGetValuesCall:[1
g +[1 SourceBeforeGetValuesRetumn: 1
+[] TargetAfterGetValuesRetum:(1=9
«interface» +0] Other: =110
ILink +0 NUM_OF_EVENT_TYPES:
+ «property»!ID().i string
+ «property» Description() :istring
+ «property» DataOperationsCount() :lint «interface»
+ GetDataOperation(dataOperationindex!:int).iIDataOperation IListener
+ «property» TargetQuantity() : IQuantity ' —
+ «property» TargetElementSet():[IElementSet +  OnEvent(Event iEvent)void .
+  «property» SourceElementSet(): IElementSet * Gef,:ccepteszventTypeCount() o -
+  «property» SourceConponent()iLinkableConponent * ptedEventiyp ventlyp S AECEe
+ «property» SourceQuantity().:.IQuantity
+ «property» TargetComponent().iiLinkable Component
IPublisher
«interface»
ILii
+ Initialize(properties:IArgument(])iivoid
+ «property» ComponentID()string
+ «property» ComponentDescription()string
+ «property» ModellD():string
+ «property» ModelDescription()_string
+ «property»inputExchangeltemCount() lint
+ InputExchangeltem(inputExch ltemindex :int) :llinputExchangeltem
+ «property» OutputExchangeltemCount () Zint
+ GetOutputExchangeltem{outputExchangeltemindex(zint)  IOutputExchangeltem
+ «property» TimeHorizon()[ITimeSpan
+ AddLink(linkILink):void
+ RemovelLink(linkID :string) :'void
+ Validate()\2string
+ Prepare():ivoid
+ GetValues(time:ITime, linkID string) :[IValue Set
+ «property» EarliestinputTime():.ITime Stamp
+ Dispose():ivoid
+ Finish()i:ivoid
«interface» «interface»
IManageState IDiscreteTimes
+ KeepCurrentState().iistring + HasDiscreteTimes(quantity:IQuantity, elementSet :IElementSet):ibool
+  RestoreState(statelDi:string) :lvoid + GetDiscrete TimesCount(quantity:IQuantity, .elementSet:IElementSet)ziint
+ ClearState(statelD!:string) :lvoid + GetDiscrete Time(quantityzIQuantity, 'elementSetIElementSet, (discrete Timelndexint) ZITime

Figure2 Metaldata, link(definition and[component(access/interfaces(ofthelorg.OpenMI.Standard
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B attributes
| Type
| Assembly |
LinkableComponent [%]— Sp—
altributes
_____________ | Key |
_(_..._jEI—| Arguments E]—(*E. -TE!UTE-"E_ E'_ R
I e Lo
v Walue |

Figure3 (Graphical viewof the [OMI file structure

<?xmlliversion="1.0"0L"?>

<xs:schemallid="LinkableComponent"lltargetNamespace="http://www.openmi.org/LinkableComponent.xsd"
xmlns:mstns="http://www.openmi.org/LinkableComponent.xsd"

xmlns="http://www.openmi.org/LinkableComponent.xsd"

[J xmlns:xs="http://www.w3.0rg/2001/XMLSchema"llxmlns:msdata="urn:schemaslimicrosoftllcom:xmllimsdata"

attributeFormDefault="qualified"llelementFormDefault="qualified">

<xs:elementllname="LinkableComponent">

<xs:complexType>

<xs:sequence>

<xs:elementllname="Arguments"[IminOccurs="1"[IlmaxOccurs="1">

<xs:complexType>

<xs:sequence>

<xs:elementllname="Argument"[IminOccurs="0"[lmaxOccurs="unbounded">

[l <xs:complexType>

[1 [) <xs:attributellname="Key"[lform="unqualified"lltype="xs:string"[l/>

[1 [0 <xs:attributellname="ReadOnly"[lform="unqualified"[ltype="xs:boolean"lluse="optional"ll/>

[0 [0 <xs:attributellname="Value"[lform="unqualified"[ltype="xs:string"[l/>

[J </xs:complexType>

</xs:element>

</xs:sequence>

</xs:complexType>

</xs:element>

</xs:sequence>

<xs:attributellname="Type"[lform="unqualified"[ltype="xs:string"[l/>

<xs:attributellname="Assembly"[Iform="unqualified"lltype="xs:string"[luse="optional"ll/>

</xs:complexType>

[] </xs:element>

</xs:schema>

ODoogooooooogoooooogg

s

] [
ODogooooooogod
e e o
I o o

e e o A o

Figured4 The XmlSchema Definition (XSD)/oflan OMI file

<?xmlliversion="1.0"7?>
<LinkableComponentl/Type="wlDelft.OpenMI.WLLinkableComponent"lAssembly="wlDelft.OpenMI,[Version=1.0.0.0,
Culture=neutral,[lPublicKeyToken=8384b9%b46466c568" Ixmlns="http://tempuri.org/LinkableComponent.xsd">
[<Arguments>

[I0<Argument[Key="Model"[lReadOnly="true" Value="RR"[]/>
UO00<Argumentl/Key="Schematization"[lReadOnly="true"[Value="D:\Rain[RRI/CF\Model\Cmtwork\sobek 3b.fnm"[l/>
[</Arguments>

</LinkableComponent>

Figure/S[Examplelofian OMI file
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Deploymentiphasesiand(calllsequenceloflan©penMliilinkableComponent

initialization/phase

identification &
configuration(phase

preparation/phase

computation/
executionphase

completion(phase

disposure/phase

| Initialize()

|

ComponentID
ComponentDescription
ModellD

ModelDescription
InputExchangeltemsCount
OutputExchangeltemsCount
GetlnputExchangeltem()
GetOutputExchangeltem()
TimeHorizon

AddLink()

RemovelLink()

Validate()

!

Prepare()

GetValues()
EarliestinputTime

SaveState()**

RestoreState()**
ClearState()™*

AddLink()™
RemoveLink()»

'

Finish()

| Dispose()

v

GetPublishedEventTypeCount #
GetPublishedEventType() #
SubScribe() #

UnSubscribe() #

SendEvent() #

HasDiscreteTimes()*
GetDiscreteTimesCount()™
GetDiscreteTime()

A

Figure(6 Deployment phases(and (callisequenceof(aLinkable[Component

# Methodsfrom(IPublisheriinterface

Implementationlis(optional
* iflcomponentlimplements
IDiscrete Timeslinterface

** iflcomponentiimplements
IManageStateinterface

A ificomponentsupports/dynamic
adding/removingllinks
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