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EXTENDEDABSTRACT

Management[ issues[in[many! sectors ofl society

demand! for[ integrated[ analysis, which[can[ be

supported by [integrated ‘modelling.[Since[thelall[]
inclusivel] modelling [ software(]is[ | difficult[] to

achieve,landpossiblyldvenlindesirable, integrated

modelling[Wwill[tequirethe[linkageoflindividual

modellormodel [components [that/address/Specific

domains. | Emerging[ | from[ the[| water[] sector,

OpenMIhasbeenldeveloped (with[the purpose of
being[the[glueWhich[tan[link[legacyland[hon[]
legacylinodel components| from[various origins

together.[] OpenMI[] provides[| all standardized

interfacetoldefine,[describeland fransfer(datalon(d

timel[basis [between Software[¢omponents that tun

simultaneously. This[paper[presents(theltechnical

concepts0f{OpenMI(aswell(asdnearly [complete

interfacespecification((seeMarmonlIT,2005).

Essentiall| concepts[| within[] OpenMI(] arel| the
distinction[ ofl quantities, element[ sets, timel and
values.[ Elements[ can[bel[non(geo[teferenced or
geo(referencedJin[10/1/2/3D.[1TheJentities lare
supported by thetaldatalinterfaces/describingwhat
theldataltepresent,(to[which [locationlit[tefers, for
which[time[(time[ $tamp[or[ timelspan) theylare
validland how they are [produced.

Theldevelopers(ofiOpenMl(created [@full [Software
implementation,¢alled(the[OpenMI[énvironment,
in[C#[(.NET)land[alless extensivel onelin[Java
(underl construction). Thel focusofl development
was [ primarily[oriented[tol[ datalexchangelissues.
Hencel alWwidel tangel of utilities[is[ provided[to
enhanceJthe[Jimplementation[Jof[Jthe JOpenMI
interfaces fromitypically[legacy[code.[lE.g.[Ja
wrapper [package[Iprovides[facilities IforJbook
keeping[loflIlinksJand[datalhandling[IsuchJas
bufferingJand[spatialJandtemporal [Imapping.
Simple(toolslarelavailablelto[define(links, [to tun
thelsystem(and(to [display results.

OpenMIisbased(on the request(teply [architecture
concept. Thelbasicworkflow[is[thefollowing. At
configuration/time, (metaldataloflalcomponentlis
inspected|(toidentify [and[define(the(linksBetween
thel lcomponents. [ /At run(time[Jal lcomponent! is
requested [by[another[¢component[for[Valueslatla
specific/timelandlocation[(element(set) uising[the
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GetValuesfunction ] call[] (see[] Figure[] 1).[] This
providing component[ is[ obliged[tol reply[ tolthis
requestlandprovide[ ithe[Idatal lat[ the[ itime[Jand
location[ asl requested. [ In[order[ tol teply, helmay
need/ tol dolinternal computations[ to[ progress/ in
time. [ This computation may [tequire[ external[ data
that[¢anbeltequested from[other[components byla
GetValues(call.[ Oncelthelinternal [time[ progressed
atlor[pastithelrequested/time, data transformations
canbelapplied(to return the values at(the[éxact/time,
element/setlandnits(as fequested.

Linear(chain((uni directional

» Alrequests(B, Birequests(C,(C
requests D

> Didoeslits/work andreturns
datato[C,Cdoeslits'work’and
returnsdataltoB, etc.

oy,

Trigger

——————— > request(fordatal(GetValues)

ExampleChainingoptions replylfdatametuned)

Linearchain (bi'directional

» AlrequestsB, BlrequestsiC,C
requests’B

» Blreturns a/bestguessito/C,C
doeslits work/andireturnsidata
to(B, Bldoes/its/work/and
returnsidatalto’/A

Trigger

Figure1Thebasis0f [ OpenMI:the Yequestreply
concept

ThellinterfaceJorientationJof{ JOpenMI[Idoes/ Inot
prescribel the[ luse lofl the[ (OpenMI[Jenvironment.
Hencel OpenMI [ canl alsolbelused! tol gluel imodel
engines] with[] existing[] modelling[] frameworks
through(the OpenMIinterface. OpenMI [is[éxpected
to[satisfy[ the[modeling[requirements[ of_alwide
group[oflusers(in[variouséngineering domains, [such
aslmodellcoders, modelldevelopers, datalmanagers
and[Jend[lusers.[ 'The[lexpected[limpacts lare[ 'the
simplificationofl the[model[linking[ process, the
ability [ to[represent[ feedback [ loopsand[ process
interactions, [the[establishment[ofla[communication
standard ] for[J modelling[] and[J al] reductionl] in
development time (for(decision[support(systems.

Thelarchitecture for[OpenMIlis [ fully documented
and[]available[]on[lwww.openmi.org.[] The[lopen
source] implementation! is[] available[! on
sourceforge.net\projects\openmi. JOtherpapers[in
this[conferencel provide casel studies. This[paper
discusses/ ithetechnical [aspects[Jof[ ithe [ IOpenMI
interfacelIspecification. ][O0 OCO 00O OO0,



1. INTRODUCTION

Integrated(] Water[]| Management(] requires(] an
understanding[ lofIlcatchment( Iprocesses[ Jand[ ithe
ability [ to[ predict how![ they [ willl respond[ under
different management[ policies. Most! traditional
modelling[$ystemshave[not[been(ablemeet/these
requirementsas[modelslhaveltended(to represent
individual ] processes[! and[] havel] been[] run
independently.Hence, [their[output/maynot reflect
thelinteractions[ between [ differentl aspectsl ofl the
environment. | Clearly,[]it[]is[]not[] practical[] to
constructlalsingle[imodel that[ could[simulatelall
catchment[processesJand[to[Jdo[Iso[Jwould[Ibe
wasteful [0fthelarge mumber(oflexisting models. (A
better[solution[is[ to[couple[ models land[hence
enablethem![to[ exchangel datalas[they[tun, thus
allowing[Jinteractions to[ lbe[ represented[lin[the
simulation.

In[responsel to[ the[ need[ created[ by[ the[ Water
Framework[ Directive[ [from[lits lintroductionlof
integrated| ] water | management, ] the[ ] HarmonIT
project[ has[] developed[ thelJ Openl] Modelling
Interfaceland [(Environment[(the (OpenMI) folallow
models(toléxchangeldata.Thishasbeen/developed
with[the[ following lobjectives in mind:[ (i) the
standard(should[belapplicable to mewand[existing
models, tequiring[the minimum(ofl¢change(to[the
program/[¢ode;[(ii) thelstandard[shouldimposelas
few [testrictions[as[possiblelon(thefreedomloflthe
model [ developer; [ I(iii)[the[Istandard[Ishould[Tbe
applicablel] to[] most,[] if[ ] not[] all,[] time based
simulation[techniques;and((iv) [implementation[of
thelstandard [ishould[ not[Junreasonably[degrade
performance.

Thelmajority Lofl imodelapplications[thatlarelthe
result(ofldldesignprocess((as/opposed(tothose [that
justlevolvedlover[time) havelal¢ommonl[structure
comprising[] all user[] interface,[] input( files,[ ] a
calculation’éngineland[output(files. Typically,the
userlinterfacelénablesthe liser(fo create or [point[to
inputfiles “and[‘allows[the[ visualization ofl the
outputllor result[files.['ThelIcalculation engine
contains[ the'modelalgorithms[land["becomes[‘a
modelloflalspecific[process,(e.g. flow(intheRhine,
oncelitlhas[populatedlitselfby[teading[thelinput
files.[Amodel ¢an[¢compute output. Iflan engine
canl[bellinstantiated [ separately, it[lis[Jan engine
component.[1f, [further, it supports[alwell [defined
interface, [it[(becomesla component. Finally,[if(the
engine[supports/the[OpenMI[Linkable ¢omponent
interface, [then[thelenginelis[said[tolbe OpenMIl]
compliant.[ Anlengine component populated with
datalisla modellcomponent.
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TheOpenMlfocuseson(the tun fimelexchangelof
datal] between[ | populated[] components.[] These
components| tanl bel datal providers((e.g.[models,
databases, [ | text[] files,[] spreadsheets, | pre/post(]
processors, dataleditors, [in[situlmonitoring/[stations
etc.)land/or[datalacceptors((e.g.(modelslorlon(line
visualization[tools).[ Thus, the[OpenMI potentially
allows[the development[oflalcompletelintegrated
modelling[system!(consisting[of [GUI, [¢éngines[and
databases.[When! this[level Lofl $ystem[integration
will[lbeJachieved, [ ldependson[ the “adoption[of
OpenMlias alcomponentllinkagelstandardby(the
environmental [model[ and [ software[ development
community.

Atlthelstart of{(HarmonIT,[the ¢components[vere
foreseenJas[ 'running[Jwithin[Jallframework, [ /but
graduallyl[] this[] conceptl! wasl[] replaced[| by
standardizing[ the[ run(time[finterface of! linkable
components, [ thuslallowingl directlcommunication
betweenlcomponents. [ /Thel[llinkable[ Jcomponent
interface,[] described] inl[] thel] namespace
org.OpenMI.standard, can[bel implemented[lin[a
variety ] of(] ways,[] ofl] whichl[J the[] OpenMI
environment, developed (by[the[HarmonlIT [project,
isljust(one.

This[paper/presents/in/an/dverview (0flthetechnical
details[ of the OpenMI[ standard. [ It[alsol briefly
describes how!existing(modelling[software(can[be
madel OpenMI(dompliant.[ Thelfulll specification
canlJbelldownloaded[Ifrom[ the[ IOpenMI[website
www.openmi.orglor¢canbe downloaded[from[the
documentation(section 0fithe @penMI [eénvironment
software( installation[ package!l (incl.[ source! tode)
available[] from[] thel] CVSltepositoryll on
sourceforge.net/projects/openmi.

2. THEOPENMISTANDARD

2.1. The/OpenMI:aHequest & reply
architecture

OpenMI[Jis[1based[]on[Ithe[] ‘requestl & [Ireply’
mechanism.[] It[] consists[| of(] communicating
components[(sourceland/target[components)which
exchangeldatalin(a pre(defined [(wWayand(in[alpre[]
defined [ format. The JlOpenMI [ defines[ both[the
componentlinterfaces(ds(wellldshow the(datalis[to
beléxchanged. Thelcomponents/are(called(linkable
components tolindicate[that/the[OpenMI involves
components|(thatcan(belinked[together.

From(theldataléxchange[perspective, the[OpenMI
isLalpurely(single(threaded[architecture Where[an
instance(ofla linkable component/handlesonlyone
dataltequestlatlaltime[before acting[ipon[another
request.[Alcomponent!dtithe(énd[of the component
chain/triggers[ the[datal process. Oncel triggered,



componentséxchangedatalautonomously [without
any[ typel[ ofl supervising [ authority. Ifl necessary,
components|start(theirlown[¢omputing [process[to
produce(the requested(data. Woloverall ¢ontrolling
functionality[] is[] neededl[] tol] guidel] time
synchronisation.[ Sometimes[ al locall controller( is
needed[ /to[Jcontrol[lconvergence!( lofl /datal Ibeing
exchange

2.2. Addressingigenerallinkage issues

Thel1OpenMlI[Istandard [ Jprovides| Ithe[Ifollowing
facilities[forthodel linkage:

e  Dataldefinition:[ Thelbasel datalmodel[oflthe
OpenMI [describes(thefiumerical [values tobe
exchanged[ lin[Jterms[Joflquantities[](what),
element(sets[(where), [times[(when), and[data
operations/(how). [(For(details, [see Figure(5)

o Metal datal defining potentially exchangeable
data:[1Quantities,[ ] elements[1sets[and[|data
operations[ are[ combined[ in[‘exchangel item
definitions[] tol] indicate | what[] datal] can
potentially[ bel provided[ and[accepted byl ha
linkablelcomponent(For(details, see[Figure6)

o Definitionlofldactuallylexchanged data: Allink
describes theldatalto Belexchanged, linterms[0f
alquantity [On[an[eélement[setising[certain(data
operations. [(For(details,see[Higure(6)

e  Datalltransfer:[] Linkable[] components(]can
exchange(databya[pull inechanism, meaning
that(al(target) component[that[fequires input
asks/alsourcelcomponent for(a[(setlof) value(s)
for(algiven quantity[on(alset/ofl ¢lements((i.e.
locations) [ forlal given[time. Ifl required,[ the
source[¢omponent[¢alculatesthesevaluesand
returns[them. [ This[pull(mechanism[has[been
encapsulated[] in[] al] single[] method, ] the
GetValues()method. Dependentlon(thelstatus
oflIthe[Jsourcel lcomponent,[]allcallJoflIthe
GetValues() [methodmay!frigger(computation
andl,Jpossibly, lead [to [furtherrequests for/data
from[other[¢omponents. [Anlimportant[feature
is(thelobligation(that[¢omponents/always(deal
with [requestslindrder(ofireceipt.

e Genericlcomponentltccess: All[functionality
becomes( ] available[] to[] other[] components
through [ onel[Jbasel interface, [ the[]linkable
componentl interface (for[ details, seel Figure
6). Thislinterfaceneeds [to [beimplemented By
allcomponent[Ifor[lit['to[/becomeOpenMI [
complaint.[Twoloptional [interfaces have(been
defined [tb[éxtend/its[functionality Wwith Tespect
tol[] discrete[] time[] information[] and[ state
management/ (for[ details,[ see[ Figure[6).[ To
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locate "and Caccess thebinary[software[ unit
implementing[thelinterface, the[OMIfile has
been[defined. [The[OMI filelis [an XML (file[of
alJpredefined 1 XSD(format, Iwhich[]contains
information[about[fhel¢lassfoinstantiate, [the
assemblyhosting(the[¢lass/and thelarguments
needed [forlinitialization.

e  Eventl) mechanism:[] AL lightweight[] event
mechanism(has beenlintroduced((seeFigure6)
to[Jpass[messages[for[]call[Istack[tracing,
progressimonitoringandlto flagstatus/changes
which [imight[trigger[other components((e.g.
visualizationtools)[totequest( for datalviala
GetValues()(¢all.

Byl¢onvention(allinkable ¢omponent has(tothrow
anl exception[ifl anlinternallyirrecoverablel error
occurs.[ This[exception(is/based on[the Exception[]
classldsprovided by theldevelopment/énvironment.

2.3. Utilizationand/deployment/phases

An[OpenMllinkable[component(provides(alvariety
oflserviceswhich[can[be hitilizedlin Various[phases
ofldeployment. Figure[2[providesanloverview [of
the(phases(that(can[be[identified, [dand the methods
which[mightbelinvoked[atleach[phase.[While the
sequencelofiphaseslis(prescribed, the(sequencelof
calls[within[each[ phasellis[ not[ prescribed. The
phaseslare:

Deployment phases and/call sequence oflan
OpenMI LinkableComponent

initialization
phase nitialize()

identific. | ComponentiD
&iconfig. | ComponentDescription
phase ModellD
ModelDescription
InputExchangeltemsCount
OutputExchangeltemsCount
GetlnputExchangeltem()
GetOutputExchangeltem() HasDiscreteTimes()™
TimeHorizon GetDiscreteTimesCount()*
AddLink() GetDiscreteTime()™
RemovelLink()
Validate() #(IPublisher interface
*/IDiscreteTimes [interface

GetPublishedEventTypeCount #
GetPublishedEventType() *
SubScribe() #

UnSubscribe() #

SendEvent() #

preparation

phase Prepare()

computation/ | Getvalues()
execution EarliestinputTime
phase
SaveState() **
RestoreState()*
ClearState()**

**IManageState interface

AddLink()
RemoveLink()®

Alif componentisupports
dynamic adding &
removing links

completion
phase

disposure

phase Dispose()

Figure2 (Callphasing(ofILinkable Component



1. Initialization:(This[phaseleéndswhen(d(linkable
component[] has[] sufficient[] knowledge[] to
populate[itself[Jwith[datal land[Jexposelits
exchangelitems.

2. Inspection & [Configuration:Atlthe énd[oflthe
phase, [the(links Havebeen(defined(and(created
and[the component has[validated|itsstatus.

3. Preparation:[]1 This[ phasel]enables[]youl]to
preparelallconversion[matrices lbeforel the
computation/datalretrieval(process starts.

4.  Computation[/Téxecution: During[this[phase,
the[main[¢odeloflthelcomponent(is[executed.
Typically,it[ represents( the[ simulation[ ofl a
process[suchlas(river[ flow. This simulation
maylitselflgenerate [dalls [to (other[components.

5. Finish:[This[phase comes[ directly after[the
computation/datal] retrievall] processl] is
completed. [Codel developers! canlitilize[ this
phasel]tol] closeltheir[] files[ ! and[] network
connections,[cleanupmemory etc.

6. Disposal:[1This[lisiphaselJis[Jentered [at[Tthe
moment[ ] an[] application(] is] closed.[] All
remaining/objects drelcleaned(and(all memory
(ofunmanaged! code)is[ delallocated. Code
developers!larelnot/forced to dccommodate(te[ ]
initialization Coflal linkable[ componentafter
Dispose()hasbeen(dalled.

Linkable[ componentsmay[ support[ the[ dynamic
addition dnd[removal (oflinks at[computation [time.
However,[]as[]described ] in[] the[] grouping ] of
deployment(] phases, ] this[] requirement[] is[] not
enforced. Those[wholdolhot[$upport[this calllat
computation[time(should throw [an(exception.

2.4. Otherfeatures

Inllprinciple, [ithe [/GetValues()[¢all Ustack[Jofl Jall
linkable[lcomponents|lis[ located lin[Jone[ thread.
Linkablel] components[] may[] internally[] use
distributed ] computing [ techniques(] to[] improve
computational efficiency.

Codeldevelopers/may [create[container[components
holding[dther(components, [ds(long (ds [the[container
implements|thelinkable (component/interface.

By/(separating[variousphases/ofldeployment,(code
developers( can[ choosel when![ to[instantiate[ and
populatethelengines. Exchangelitem[information
can/belobtained [from(thelengine, fromfilesbeing
parsed(during thelinspection[phaselor by dynamic
querying(ofllinked[components.
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3. MEETINGITHISSPECIFICATION
3.1. Consequences(ofithe OpenMI for(amodel

The[OpenMI[énables/ modellenginestol compute
andléxchange(datalat/their[own(fime[step, Without
any[externall control [mechanism. Deadlocksare
prevented by thelobligationoflalcomponent(always
tol return[al valuewhatever[ the situation.C When
eachlimodellislasked[for[data,lit[decides[how to
providelit[Tlitmay!(already have(the(datalin(abuffer
becausel it Thas[Ipreviously [ run[ the[Jappropriate
simulation[$teps, [or[it[mighthavelto[progresslits
own¢alculation,lor[it[might(have tolestimate[Via
interpolation (or[éxtrapolation. [If(the[¢component[is
not[lable( tol providel all[thelrequested( data,[ an
exception(will[be(taised. Theleéxchangelofldatalat
run(time[ s lautomated [ ‘and [ driven[ by the[ prel]
definedllinks, Wwith o human [intervention.

Tolbecomel an[ OpenMI [ linkable[ component,|a
modellhas[to[ (i) belable tolexposelinformation
(what,where)to [theloutside World[dnthe modelled
variables(thatlitlcan/provide, (or[which!it[is(able to
accept; [(ii) Lsubmitto Urun[fime control [by[lan
outsidel | entity;[] (iii)[] bel] structured[] in[] that
initializationis[Iseparated [Jfrom[Jcomputation ][]
boundary [ Iconditions[ must[ belIcollected [ Jin[ the
computation[ phaseland[not during[initialization;
(iv)[belable(to[providelthe[values of(the modelled
variables [forthe fequestedtimes [and locations; (V)
belable[toltespond[tolaltequest, evenlwhen!the
componentlitselflis[timelindependent; andlifl the
responsel tequires [ datal from[another component,
the[¢omponent/should[belable(to[pass[on(the[time
aslwelllin(its[own[request;(vi) flagmissing[values
and[(vii)[in[thelexceptional [ casel that an[entire
valuesetlis[uinavailable, [ throw[an[éxception. [ Be
aware[ tthat[ 'such exception will stop[ the entire
computation[process [and [thusishouldbBe prevented.

3.2. Modelwrapping

Thelabovelmentioned[tequirements do[nhot[match
the maturelofimostlegacy codes, butmostioflit[can
bel¢aptured by wrapping. Figure[3 [illustrates(the
OpenMI wrapping[pattern[ thatlis adopted[in[the
implementationdfithe MpenMIenvironment.

Thelwrapperluisesanlinternallinterface[to access
theleéngine. This/interface, TEngine, thay be [split(in
alsection’addressing/ the metaldatalissues andlin
run(timel section[ for[ the[ numericall computation
and[] associated[] datal] exchange.[] Forl[] the
computational [ part, this[wrapping[‘concept [ still
requires( | that[] enginel] cores(]are[]reléngineered
according fothe[pattern(as/illustrated/in Figure (4.



org.OpenMI.Standard
<<Interface>>
ILinkableComponent
T

1
1 Implements
|

org. OpenML.Utilities. Wrapper Access org.OpenMl.Utilities.Wrapper

LinkableEngine <<Interf.ace>>
IEngine

y 1
Inherit 1 Implements
1

MyLinkableModel MyEngineWrapper

Access

RiverModel.di|

Figure3TheléngineWwrapping [pattern

original engine revised engine

Main Main Function/Initialize
{ { {
Open(files *Open(files

*Readinput(files

Read!linput(files }
Function/PerformTimeStep

{
0 Time step loop 0
}

closeffiles Function Finalize

«Close files

Figure4 Engine dore reengineeringpattern
3.3. Alglueforiother frameworks(?

Thel@penMlisdesigned(in/dwaythat/domponents
haveldirecticommunication [at/the[domponentlevel
vial standardizedlinterfaces. [ Components|thuslare
notlrequired(to/ddoptthe[@penMIeénvironment.As
already(identified by Argentland[Rizolli[(2004),
the[OpenMI[mightlalsol playlaltolelas gluel for
interoperability (between [ frameworks. [The[authors
indicate( that[leach[framework wouldseparately
havelto[containthemethods and(classesnecessary
toluselthe[OpenMI, [as[welllas[components, [¢reated
asldiscrete(objectswith[publishedlinterfaces, which
havebeen(made/compatible(with[the[OpenMI. The
most(difficultitask[is(dssuring[similar(semantics (of
theldatalexchange between components.

3.4. Ensuring(similarsemantics

Ensuring thelsound[semantics(oflmodel(linkages!is
aldrucial(aspectlin/modelintegration,no matter(the
origin[oflthe(codes.Dudleyletlal.[(2005)llustrates
issues[that[may[arise [ When[linking[Wwater[ quality
models[! from[] various[] vendors. ] The] OpenMI
development[team[ has, on[purpose, allocatedan
important(role(to[the human(¢xpert(tolénsure[that
semantically( similar entities[ are[ connected  inla
scientificsound(way. Thelinterfacespecification(of
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the[OpenMI [ canlhelp[vialitslimetal dataltagson
quantity ) units,[] dimensions[] etc.,[] but[] explicit
descriptions remain(most(valuable [for[this [dctivity.

4. OPENMINOWANDINTHEFUTURE

ThelOpenMlIliscurrently (being@pplied (by(a range
oflsoftwarel developerslinlthel catchment domain
(sewers, [ open[ channels, hydrology, [ groundwater,
wastel ] water[] treatment, [ | water[ ] quality,[ ] sociol
economy)[ and[ is[ starting[ to be[ adopted[ by the
estuarine/dnd/marine(domain.[ The ¢oncepts|ofithe
OpenMlIhaveshown(to beverypowerful, but(the
experiences| lalso[havel[lindicated the[desire[ for
further( tefinement[ ofl the[interfaces[tol supportla
persistent(state[(to[ enable hot[ starts);[ to improve
performance;(tolimprove(the ¢lement(set(definition
for[topology [and[the exact[positioning of the[data
value; [tolénableclustering 0fiquantities; [todddress
component[tolcomponent[ connectionslinltrelation
tol[] the[] link[] definition[] and[] to[] simplify[] the
implementation [0flthe ihterfaces.

Itlisforeseen[ that an[update[ ofl the[OpenMI[is
desirable[tolobtain a[mature(standard.[A[thread|is
started[J on[J theJ sourceforge.net/projects/openmi
forum(to(stimulate[the[development[discussionon
the@OpenMI.

In[Jthe[Jmean[Itime, [ Jthe[core[Ipartners Jofl jthe
HarmonIT [ consortium[ havel started/ initiatives[to
stimulate business/development(with[the [OpenMI
and[to [Setuplallarge(scale demonstration [projectfor
the[ Water[ Framework [ Directive Implementation
Strategy.[| Furthermore[| they[] havel| committed
themselves to[ set[ipan[ openl brganisation (the
OpenMI ] Association)[ ] that[] will[] maintain[] the
OpenMIland [stimulatelits [development(and iiptake
by the thodelling Software [community.
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IElementSet ElementType
+ «property»ID().2istring +0] IDBased
+ «property» Description().:istring +11 XYPoint
+ «property» Spatial Refe ().:lISpatial Refe e + XYLine:
+ «property» ElementType() i ElementType o XYPolyi_ine
+ «property» [ElementCount() zint m
+ «property» Version().:lint o
+ GetElementindex(elementID :string) :lint o
+ GetElementiD(elementindex::int) :Istring .
+ GetVertexCount(elementindex!l:int) :lint )
+ GetFaceCount(elementindexi:int) :lint : iiégg:yﬁzg'mn
+ GetFaceVertexindices(elementindexi:int, facelndex!:int) :lint[] y
+ GetXCoordinate(elementindex.:int, vertexindex!:int) :.double
+ GetYCoordinate(elementindex :int,vertexindex!:int) :.double «interface»
+ GetZCoordinate(elementindex!.:int, \vertexindex :int) :ldouble ISpatialReference <interface»
+ «property»[ID()sting IArgument
+ «property» Key() :Istring
+ «property»Value():istring
+ «property» ReadOnly() i bool
+ «property»Description() 2 string
«interface»
IDataOperation

Initialize(properties :IArgument[]) i .void

«property»ID() .2 string

«property» ArgumentCount() :lint

GetArgument(argumentindexi:int) : IArgument

IsValid(inputExchangeltem :linputExchangeltem, outputExchangetem:lOutputExchangeltem SelectedDataOperations :IDataOperation[]) :ibool

FigureSIOpenMllinterfacespecification details definingthe /datamodelinderlying QOpenMI
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cdiorg.OpenMI|.Standard

metaldatalto/expressiwhat(can(be
exchanged

«interface»
IExchangeltem

+ «property» Quantity():[IQuantity
+ «property» ElementSet():lIElementSet

L £

message definition

«interface»
IEvent

«property» Type():[EventType

«property» Description().iistring
«property» Sender()lLinkable Component
«property» ‘SimulationTime () ITime Stanp
GetAttribute (key!:string) :lobject

+ o+ o+ o+ o+

«interface» «interface»
linputExchangeltem IOutputExchangeltem

«enumeration»
EventType

+ «property» DataOperationCount()lint

+ GetDataOperation(dataOperationindexint) :'IDataOperation

Waming:
Informative

specificationwhat/will be
exchanged/andhow

«interface»
ILink

«property»[ID() Z[string

«property»Description()istring
«property»DataOperationsCount() Zint
GetDataOperation(dataOperationindex(:int).:[IDataOperation
«property» TargetQuantity() :[IQuantity
«property»TargetElementSet() [IElementSet

«property» SourceElementSet() :[IElementSet

«property» SourceConmponent()_liLinkable Component
«property» Source Quantity() : IQuantity
«property»TargetConponent().:[ILinkable Conponent

e

ValueOutOfRange: =12
GlobalProgress:
TimeStepProgres:
DataChanged: =5
TargetBeforeGetValuesCall:
SourceAfterGetValuesCall:
SourceBeforeGetValuesRetun
TargetAfterGetValuesReturn:
Other:=M10
NUM_OF_EVENT_TYPES:

o

«interface»
IListener

+ OnEvent(Event:IEvent):void
+ GetAcceptedEventTypeCount():int
+ GetAcceptedEventType(acceptedEventTypelndex int):[EventType

componentlinterfacesiforigenericicomponent/access

«interface»
ILi

IPublisher|

Initialize (properties(:IArgument]]):lvoid
«property» [ConponentlD() . string
«property» ConmponentDescription() 2 string
«property» ModelID()string

«property» ModelDescription():istring
«property» InputExchangetemCount() :lint

«property» OutputExchangeltemCount() :lint

«property» TimeHorizon() [ ITimeSpan
AddLink(linkILink) 2 void
RemoveLink(linkID!string) -'void
Validate():[string

Prepare():ivoid

GetValues(time:ITime, linkID string) :[IValue Set
«property» EarliestinputTime().: [Time Stanp
Dispose():ivoid

Finish().:void

oF E ko ok ok F E ok o+ F F o+ o+ +

GetinputExchangeltem(inputExchangetemindex :int) 2 InputExchangeltem

GetOutputExchangeltem(outputExchangeltemindex(:int) 2 IOutputExchangeltem

advancedcomponentlinterfaceextensionsi(optional)

«interface» «interface»
IManageState IDiscreteTimes
+ KeepCurrentState()istring + HasDiscrete Times(quantity:IQuantity, elementSet|:IElementSet) :ibool
+ RestoreState(statelD string) :void +  GetDiscrete TimesCount(quantity:iQuantity, ielementSetL:IElementSet) lint
+ ClearState(statelD!:string) :[void + GetDiscreteTime(quantity :IQuantity, elementSet :IElementSet, discrete Timelndex!:int) : ITime
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Figure(6 OpenMllinterfacespecification details for componentiaccess/andlinking




