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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/spaceland/time), between/components (onlatime step basis, ihcluding
associated/domponentaccess. The fulltextVersion isicontained in[the[document:
Gijsbers, P.J.A. (ed.) (2004) The HarmonIT Document Series Part/CTThe
org.OpenMI Standardlinterfacelspecification.[(v.0.99)

This(full textversionislavailable on www.openmi.orgland www.harmonit.org.

OpenMllis/developed aspartiofithe [HarmonlIT research projectco funded by [the
EuropeanCommission[(Contract EVK1[CT[2001[00090). Itfis thelambition[oflthe
HarmonlIT consortium to [turn DpenMlI intoawidely [accepted “standard’ [for model
linkagelinthe water(andpossibly[environmental[domain.

Introducing OpenMI

Integrated [datchmentmanagement asks forintegrated [analysis(that/dan belsupported
bylintegrated modelling[systems. Thesemodelling[systems/can(only bedevelopedland
maintained|ifitheyare(based(on(alcollection oflinterlinked ‘hodels. OpenMI hasbeen
developed[tolprovideaiwidelylaccepted tinified method [tolink hodels, both Tegacy
code/andnew ones.

Model applications(consist/0fany [parts, the most[common being [the iser
interface, inputlfiles, thelenginelanddutput/files. OpenMIlonlyaddresses/theengine
part[oflaimodel@pplication, Wheredmodel can be regarded @sanentity [that'an
provideldataland/orlaccept/data. Using this/datalexchange [paradigm asa/leading
principle formodellinkage, OpenMIis basedondirectlaccess 0fithe model [atrun
time, [thus motising filesfor/data/eéxchange. In/order(to ake this[possible, thelengine
needsto befurnedlintolan/engine/componentlandthe/engine [domponentreeds fo
implement/an/interfacethrough(which(the(datalinside/the componentlislaccessible.
OpenMI(defines(alstandard/interface that/@éngine [componentsmustimplement to
become OpenMIcompliant/enginelcomponents. When/aneéngine lcomponent
implements thislinterfacelitlbecomes/d(linkable component.

Thellinkable domponent/interfacelenables(on(line (memory based) data
exchange [between[componentsonalfime((e.g. @lfime stamp Ord[fime[span). By
combining|this(linkable/componentlinterface with a(state hanagement/interface,
advanced todel combinations(canbeldeveloped withsimplelcontrollers(for iteration
or Optimization [purposes. Mostimportant hiowever is the fact(that (OpenMI is ot
basedonframework, fit(is based dommunicating linkable componentsonly.

In[summary, @penMI primarily focuses on/providing/alcompleteprotocol to
explicitlydefine, describeand fransfer((numerical) databetween componentsona
time basis, [ihcludingassociated [componentaccess.
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OpenMI:arequest/&replyarchitecture

OpenMllisbasedonthe‘request(& reply’ imechanism.[According to[Buschmann/et(al.
(1996),[OpenMI lislapullbased pipeland filter/architecture whichconsists (0f
communicating/domponents (sourceland[target components) whichlexchangeldatalinla
preldefined/wayland/in@lpreldefined format. (OpenMI(definesboth[the component
interfaces(aswelllas How thedatalisbeingléxchanged. The lcomponents in OpenMIare
calledlinkable/components to indicate thatlitinvolves/components that/can be(linked
together.

From(theldata@xchange perspective, OpenMIlis[a/purelysingle threaded
architecture where anlinstanceoflallinkable .componenthandles (only [one [datalrequest
atlaltimebefore/acting iponlanotherrequest. Matalexchangelinhthe OpenMI |
architecturelis[triggered by [a[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
LinkableComponentwith controlling functionality thightrieed [to (belincorporated.

How/OpenMladdresses(generalissuesofimodellinkage

TheOpenMlstandard [addressesthe followingitems requiredformodel linkage:

e Dataldefinition:

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

e Metaldata/defining potentially exchangeable/data:

Quantities, [@lements/setsland(datalOperations/are combined in [€xchange item
definitions/toldescribe the datalthat/dan potentially (be provided(andaccepted by a
linkable[domponent/(see Figure(2)

e Definition/oflactuallyexchanged data:
Allink[describes/thedatatobeleéxchanged, [in ferms[oflalquantity[Onlan €lement set
usingcertain(dataloperations. (See(Figure(2)

e Dataltransfer:

Linkable/components/canéxchangeldata by apull thechanism, eaning that(a
(target)[domponent thatrequires input/asks/alsource component [for/al(set(0f)
value(s) for/algiveniquantity lonalsetofidlements((i.e. locations) for[ad[given/time.
Iflrequired, [the[source componenticalculates/theselvalues/and(returns [them. This
pullimechanism Hasbeenéncapsulated/inonesingle method, the (GetValues() [
method. Mependention [the status(of’the[Source[component, thiscall ay require
associated[Computation/andévenmore requestsforidata. [Anlimportantfeaturefis
theobligation(that/domponents(alwaysdeal (with requests inorder0flreceipt.

e Genericlcomponent/access:

Allfunctionality comes/available folother Gomponents[through one baselinterface,
thelinkable/componentlinterface(seeFigure2). Thislinterface needs to be
implemented by [any domponent[to become OpenMI (complaint. [ Twoloptional
interfaceshave beenldefined [to (e€xtend itsfunctionality [with [discrete fime
information[and/statemanagement((seeFigure2).Tolbcatelandaccess/the binary
software unitlimplementing [the interface, the (OMI file has been defined. The OMI
filelislan[( XML [fileofla[predefined XSD formatwhich contains linformation/about
the(classtolinstantiate, information/about/the(assembly Hosting[the class/and/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((interfacesdefinedin Figure(2).
Vialthismechanismlawidelrangeofimessages/danbe passed/tolenable calllstack
tracing, [progress monitoringland/toflagstatuschanges which might triggerother
components/(e.g. visualization [tools) to request for(datalvialaGetValues() [call.

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

Consequences/ofithe(OpenMIlarchitectureforiaimodel

TheOpenMlenablesmodellengines [to[computeland(eéxchange(datalattheirlown
heartbeat, without/any [éxternalcontrol imechanism. Ieadlocks are [prevented by ‘the
obligation(oflalcomponentlalways to return(alvaluewhateverthe(situation. 'When(e€ach
modellislasked [for(datalit[decides how [to [providelit =lit[thay(already havethe[datalin'a
bufferbecause/ithas [previously runithe@ppropriate(simulation, [or By funningits[own
simulation(orcalculation, lor by (makinga[best/estimate Viainterpolation(or
extrapolation. Orlitimaynotbelable to [provide the requested data, sowill raiselan
exception.Thelexchange ofldatalatrun fimelis[@automated(anddriven by [the [pre [
defined Tinks, With Mo liumanintervention.

Tolbecome anOpenMIlinkable component, almodelhas/to:

e belableltolexposelinformation(what, where) tothe outsideworld [onthe modeled
variableswhichlitlis[can[provide, 0r Wwhichitfis[@ble[todccept;

e submit/forun(fimelcontrol bylanloutside entity;

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

e belableltolprovidelthevalues/ofithe modeled variables fortherequested pointslin
timeland[space;

e belableltolrespond/toalrequest, @évenwhenthe domponentlitselflis/time
independent; iflsuch response requires(datafrom [another/[component, [the
component/should bBelable to[passonltheltimelaswell inlits(Own[request.

e Inlcase/somelvalues/in/thevaluelsetlare missing, thisshould beflagged/inlthe
valuelset.

e Inlthelexceptionalcasethat/anlentirevaluelsetlisinavailable,anléxceptionneeds
to(belthrown. Belaware thatsuchléxception(will[stop [theeéntire computation
process/and(thus/shouldbeprevented whenever possible.

Thelutilization(phases(oflan(OpenMIlilinkable.component

An[OpenMI (linkablecomponentprovides(avariety [0flservices which/can be uitilized
in/various phases/ofldeployment. [Figure[6 provides(anoverview [0flthe phasesthatican
belidentified, andthe ethodswhichimightbel(logically)linvoked atiéach phase.
Whilethelsequenceofphases(is[prescribed, thesequenceoflcalls withinéachphaselis
notlprescribed.
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ID | Phase Description

111 | Initialization] | Thislphaseleénds(by the/situationwherelallinkable component
has[sufficient’knowledge [to [populateitselfwith thodel [dataland
exposelitsléxchangelitems.Whether the linkable[component(has
been/populated withmodel [dataldepends(on/thesolution/chosen
by(the/dodeldeveloper.

17| Inspection'& Dependent(on [the[setting [this [phase thight[be [Very[static ‘and
Configuration | straightforward(orveryldynamic. Thelend|situation(0f'this
phaselisthe following:[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 alcleartakeoff
position beforethe bulky work Toad [starts.

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

Theldatatransfer mechanism 0f{OpenMlis(defined [as(a
request(teplyservice echanism, Having(directlinteraction
between [twolinkablelcomponents(without/any ihvolvement/of
external facilities.[Two [types0fidata[fransfer(are distinguished:
unidirectional [data transfer(and bildirectional [dataltransfer.

V1| Finish This[phasedomes directly(after the computation/data retrieval
processlisicompleted. Code(developers/can/utilize(this [phase to
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.

Notelthatlinkable components may [support/dynamicladding/and femoving links at
computation/time. However, @sladdressed [ih 'the[grouping lofldeployment phases, [this
requirement/is motleénforced. Thosewhodo motisupport/this method[callat
computation/time[should/throw(aneéxception.

Finallremarks

Inlprinciple, the GetValues()¢alllstack [0flall linkable[domponents [takes [place(inlone
thread. ILinkable[Components(may [internally ise distributed [computing[techniquesto
improvedomputational éfficiency.

Codeldevelopers may create [dontainer([components/holdingother[components,
asllong/astheldontainer limplements ‘the linkable componentinterface.

By lseparatingvarious[phases(ofideployment,(codeldevelopers/canichoose
themselves/when [to [instantiate and [populate(the(engines. [Exchange litem information
might/beobtained [from[thelengine, (butimay (also belcaptured [ih files Wwhich areparsed
duringthelinspection phase. Exchangeitem information might/also be derived
dynamically by querying linked [components.

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

What «interface» «interface» «enumeration»
IQuantity IDimension DimensionBase
+ «property»ID()listring + Equals(otherDimension(:IDimension):ibool
+ «property» Description():string + GetPower(baseQuantity :DimensionBase) :lint +[ Length:(Tint=0
+ «property» ValueType():\Value Type +1 Mass:(lint=01
+ «property» Dimension().: IDimension +0 Time:Mint=2
+ 1 it() [ IUnit i .
SR S e «interface» +
i —— + Amo.untOfSubst.eln}:e,?: iEt =5
ValueType + «property»ID()Listring * Lum|nOU§Ipterlsty. lint=6
+ «property» Description().:(string i CrEmER e -
+01 Scalar:lint(=1 + «property» ConversionFactorToSI() :idouble *+0 NUM_BASE_DIMENSIONS: (lint
+[1 Vector:[lint/=[2 + «property» OffSetToSl() :I[double
«interface»
IValueSet
+ «property»Count().:lint
+ IsValid(elementindexL:int)zlbool
«interface» «interface» «interface»
IScalarSet IVectorSet IVector
+ GetScalar(elementindex!:int):ldouble + GetVector(elementindext:int)[IVector + «property» XConponent()Zidouble
+ «property»YConponent():idouble
+ «property» ZConmponent():.double
When «interface»
ITime
«interface» «interface»
ITimeSpan ITimeStamp
+ «property»[Start():[ITime Stamp + «property» ModifiedJulianDay() :[double
+ «property» End().:[ITime Stamp
Where IR «enumeration» «interface»
IElementSet ElementType ISpatialReference
+ «property»ID().:Istring +  «property»ID()string
+ «property»Description()Z'string +1 IDBased:(lint(=/0
+ «property» SpatialReference()LiISpatialReference +0 XYPoint:Dint=1
+ «property» ElementType():[ElementType +0 XYLine:Tint=2
+ «property» ElementCount().1lint +0[ XYPolyLine:Tint=[3
+ «property»Version()lint +(1 XYPolygon:(lint/=4
+ GetElementindex(elementID:string) :int +0 XYZPoint:mint=5
+ GetElementiD(elementindex.:int).:istring +[ XYZLine:Tint=6
+ GetVertexCount(elementindex:int) :lint +01 XYZPolyLine:lint/=(7
+ GetFaceCount(elementindex :int):int +[1 XYZPolygon:/lint/=(8
+ GetFaceVertexindices(elementindexint, facelndexint)zlint[] +[1 XYZPolyhedron:int/=9
+ GetXCoordinate(elementindexLint, vertexindex_int):idouble
+ GetYCoordinate(elementindex(iint, vertexindexint) ldouble
+ GetZCoordinate(elementindexi:int, \vertexindex :int) :idouble B
«interface»
IArgument
+ «property» Key():istring
H + «property» Value():string
ow + «property» ReadOnly():ibool
+ «property» Description()string
«interface»
IDataOperation
+ «property»!ID().istring
+ «property»[ArgumentCount()zlint
+ GetArgument(argumentindexint):llArgument
+ IsValid(inputExchangeltem:linputExchangeltem loutputExchangeltem:IOutputExchangeltem SelectedDataOperationsi:IDataOperation(]):lbool

Figure(lData(definitions(in the (@OpenMI(interfacespecification
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metaldataltolexpressiwhat/canbe

exchanged

«interface»
IExchangeltem

+ «property» Quantity() ' IQuantity
+ «property» ElementSet() :[IElementSet

B 2

lInputExchangeltem

messageldefinition

«interface»
IEvent

«property» Type():[EventType

«property» Description()string
«property» Sender() :lILinkable Component
«property» Simulation Time () :[Time Stamp
GetAttribute (key :string) :lobject

+ o+ o+ o+ o+

«interface» «interface»

IOutputExchangeltem

«enumeration»
EventType

+ «property» DataOperationCount () :lint

+ GetDataOperation(dataOperationindex!iint) :[IDataOperation

Warning:(lint=[0
Informative:[lint=1

specificationwhatwill[(be
exchangedandhow

«interface»
ILink

P A A T I

«property»(ID() .2 string

«property» Description():istring
«property»DataOperationsCount().lint
GetDataOperation(dataOperationindex :int) -l [DataOperation
«property» TargetQuantity()[IQuantity

«property» TargetElementSet() :lIElementSet

«property» SourceElementSet() :[IElementSet

«property» Source Conponent().:liLinkable Conponent
«property» Source Quantity() :[IQuantity

«property» TargetComponent():llLinkable Component

ValueOutOfRange:Tint=(2
GlobalProgress:[lint/(3
TimeStepProgres:linti=4
DataChanged:[lint=5
TargetBeforeGetValuesCall:lint/=
SourceAfterGetValuesCall:Tint=7
SourceBeforeGetValuesRetum:Tint’=8
TargetAfterGetValuesRetumn: iint =19
Other:int=10

6

+ o+ F o+ o+ o+ o+ o+

«interface»
IListener

+
o
+

OnEvent(Event :I[Event) :void
GetAcceptedEventTypeCount()ilint
GetAcceptedEventType(acceptedEventTypelndex(:int):[EventType

«interface»
IPublisher

+ o+ o+ o+ o+

Subscribe(listener:iListener, eventType (EventType)lvoid
UnSubscribe(listenertiListener, eventType:EventType) :lvoid
SendEvent(Event:IEvent) I void

GetPublishedEventTypeCount() :lint
GetPublishedEventType(providedEventTypelndex(:int):[EventType

I

«interface»
ILinkable Component

O I I A Ik R T T 2 S S

«property» ComponentID().[string
«property» ComponentDescription().:string
«property» ModelID():string

«property» ModelDescription() i string
«property» InputExchangeltemCount().zlint
«property» OutputExchangeltemCount()Llint
«property» TimeHorizon().: [TimeSpan
«property» EarliestinputTime () :[ITime Stamp
Initialize (properties IArgument[]):void

GetlnputExchangeltem(inputExchangeltemindexL:int):llnputExchangeltem
GetOutputExchangeltem{outputExchangeltemindex(:int):[IOutputExchangeltem

AddLink(link(:lLink) s void
RemovelLink(linkID:string) z[void

Validate() :istring

Prepare().:ivoid

GetValues(time:ITime, linkID “string) 2 IValue Set
Finish():ivoid

Dispose():ivoid

componentiinterfacesfor(genericilcomponentaccess

advanced(componentlinterfacelextensions((optional)

«interface» «interface»
IManageState IDiscreteTimes
+ KeepCurrentState() :string + HasDiscrete Times(quantity:IQuantity, elementSet :IElementSet).:ibool
+ RestoreState(statelD string)livoid + GetDiscrete TimesCount(quantity:IQuantity, .elementSetL:IElementSet)lint
+ ClearState(statelD :string) :lvoid + GetDiscrete Time(quantity :IQuantity, .elementSet :IElementSet, (discrete Timelndex :int) ITime

Figure2 (Otherlinterfaces(ofthe @penMI
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B attriputes
|1 Type
| Assembly |
LinkableComponent EI— ST
aliributes
_____________ [ Key |
_(_..._:EI—| Arguments EH:‘““:E' £ Argument E'_ |
I o
v Walue |

Figure3Graphical view of the[OMI file structure

<?xmlliversion="1.0"0L?>
<xs:schemallid="LinkableComponent"lltargetNamespace="http://tempuri.org/LinkableComponent.xsd"

[l xmlns:mstns="http://tempuri.org/LinkableComponent.xsd"[Jxmlns="http://tempuri.org/LinkableComponent.xsd"
xmlns:xs="http://www.w3.0rg/2001/XMLSchema"llxmlns:msdata="urn:schemaslimicrosoftllcom:xmllimsdata"
attributeFormDefault="qualified"llelementFormDefault="qualified">
<xs:elementllname="LinkableComponent">

[] <xs:complexType>

[J <xs:sequence>

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

<xs:complexType>

<xs:sequence>

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

[l <xs:complexType>

[ [0 <xs:attributellname="Key"[Iform="unqualified"l[ltype="xs:string"[l/>

[1 [J <xs:attributellname="ReadOnly"l[Iform="unqualified"[ltype="xs:boolean"lluse="optional"ll/>
[J [J <xs:attributellname="Value"[lform="unqualified"[ltype="xs:string"[l/>

[] </xs:complexType>

</xs:element>

</xs:sequence>

</xs:complexType>

</xs:element>

</xs:sequence>

<xs:attributellname="Type" [form="unqualified"[ltype="xs:string"[l/>
<xs:attributellname="Assembly"[lform="unqualified"[ltype="xs:string"[luse="optional"ll/>

[ [ </xs:complexType>

[J </xs:element>

</xs:schema>

I e e

s o o

ODoOfDoogoooooood
I s
o

Figure4 The XmlSchema Definition (XSD)oflan OMI file

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

[<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©penMliilLinkableComponent
|

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()

A

v

GetPublishedEventTypeCount #
GetPublishedEventType() #
SubScribe() #

UnSubscribe() #

SendEvent() #

HasDiscrete Times()™
GetDiscreteTimesCount()™
GetDiscreteTime()

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

# Methodsfrom(IPublisheriinterface

Implementation(is(optional
* iflcomponentlimplements
IDiscreteTimeslinterface

** iflcomponentimplements
IManageStateinterface

A ificomponentsupports/dynamic
adding/removingllinks
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