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Keepingthe vastamountof inte-documentelationsconsistentyhich relateentitiesof dif-
ferentdocumentsis importantfor the quality and efficiency of designprocessesEspecially
theserelationsare eminentfor masterdocumentsasflowsheetqPFD) in chemicalengineer
ing, becausenanagemendecisionsare basedon statementslerived from PFDs. This paper
introducesovel toolsfor anincrementabndinteractve updateor checkof suchrelations.

1. INTRODUCTION

In theprocessndustriesthereis agrowing demandor theimprovementof designprocesses
in orderto obtainbetterdesignresultsin shorterdevelopmentcycles. The designresultsare
of major interestfor the top managementof a chemicalcompaly, asthey are the basisfor
decisisonsf, when,andhow to build a new plantor to modify anexisting one.

Currenttool supportis mainly characterizetdy numerousoftwaretoolsfor specifiqourposes
or isolatedparts of the designprocessHowever, a sustainablémprovementof the designpro-
cesscanonly be achiered by the integration of applicationtools into a designervironment
[1]. Duringthelastyears,commercialervironmentslike AspenZygador intergraphs Smart-
Planthave beendeveloped.They aremainly restrictedto thetoolsof thecorrespondingendor
The adaptionto specificwork processesf developerswithin a compary or the integrationof
arbitrarytools, especiallyfrom othervendorsarenot generallysolved.

One key aspectof tool integrationis the integration of the data createdand usedwithin
differenttools. Thesedataarekeptin separatéeterogeneousocumentsstoredin independent
files or databasesNeverthelesstheir contentshave to be consistento eachother E.g.,the
processtructuran asimulationmodelusedto describeandpredictthebehaiour of achemical
processasto beconsistento thestructureof theprocessepresentedh aflowsheet.Therefore,
elementdik e reactorsor streamsin one documentare relatedto correspondingelementsin
the other This resultsin mary fine-grined, inter-documentdependencigesvhich have to be
managedandwhich arethe focusof this paper Furthermorecoarse-grainedataintegration
(versionandconfigurationcontrol) hasto be managedoo [2], whichis not presentedhere.

Within designprocessesspeciallyif concurrenandsimultaneougngineeringareapplied,
incrementalchange processesre performed wherechangeshave to be propagatedprecisely
throughthenetwork of dependentdocumentsThereforetoolsareneededo supporidevelopers
in keepingdifferentdocumentsn a consistenstate.Currently thesefine-grainedlependencies
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aremanagednanuallyby developerswithout appropriatdool support.

In this paper tools will be presentedhat modelthe dependenciebetweendifferentdocu-
mentstypesand documentsexplicitly. On this basis,integrationtools are derived supporting
developerswithin changeprocessesindfor consisteng managementTherefore,integration
tools alsointegratethosetools by which sourceandtarget documentsare elaborated. These
integrationtools are one of four novel approachesnvestigatedwithin the Collaboratve Re-
searchCentedMPROVE [3] [4], to supportdesignprocesses chemicalengineeringontop of
existing designtools (a-posteriorintegration).

Integration tools can only be built, if thereis structure within correspondingdocuments.
Fortunately this is often the case,e.g. betweena flowsheetand a simulationmodel. The
flowsheetplaystherole of amasterdocumenin chemicalengineering5]. Thesetoolshaveto
work incrementallyto sene for changeprocessedhey considerdesigndecisiongnteractively,
astherearedifferentpossibilitiesto relateelementsf differentdocumentdo eachother and
they areresponsibldor manaying thefine-graineddependencielsetweerdifferentdocuments.
Integrationtools have beenbuilt in thedomainof softwaredevelopmentor sometime [6].

For therealizationof integrationtoolsa methodolgy hasbeendeveloped.It consistof atop-
down part, which is describedn this paper anda bottom-uppartto build wrapperson top of
existing tools,to gethomogeneousiterfaces.The methodologyconsistsof threesteps:within
theinformationmodelCLiP the differenttypesof entitiesof the chemicalengineeringlomain
are orderedinto partial modelsand clearly describedn a conceptuaimulti-level framewnork
(sect.2). Dependenciesf this descriptionare further refined(sect.3): Firstly, the potential
dependenciearemodeledon typelevel. Then,patternsof objectsturcturegogethemwith their
links are definedandtool behaiour is specified,e.g. for a forward transformation.Finally,
integrationtoolsarerealizeda componenframenork. A shortoutlook concludeghe paper

2. INFORMA TION MODELS FOR THE SPECIFICATION OF INTEGRATION TOOLS

In orderto be ableto implementintegrationtools that allow to interrelatedataof different
applicationtools,thedatahandledandstoredin thesetoolsandtheir mutualdependencielsave
to beundestood Onepossibilityto obtainsuchanunderstandingreinformationmodels,in
which datastructuresanddependenciearedescribedn anabstraceandformal manner

The informationmodelCLiP (ConceptualLifecycle Processmodel) hasbeendevelopedto
describetheinformationandwork processesf the chemicalengineeringdomainin a concep-
tual manneri.e. independentlyfrom a specificimplementatiori7]. CLiP coversthreemodel
levels onwhich conceptsaregivenon differentdegreesof abstraction.

Onthemetalevel, thet echni cal syst emisintroducedrepresentingll kinds of techni-
cal artifacts,thatarebuilt to fulfill somefunctionality(cf. fig. 1.a). Exampledor t echni cal
syst ens arechemicalplants,computersystemspr mathematicamodels. Within at ech-
ni cal syst em two typesof subsystemgan be distinguished:devi ces which hold the
majorfunctionalityandconnect i ons thatlink thedifferentdevicestogether Theconnectv-
ity of devi ces andconnect i ons is representethy theirpor t s, which areconnectediia
coupl i ngs.

Onthetypelevel, CLIP is refinedfor therepresentatioof informationneedediuringchem-
ical processlesignby introducingtypes(classespf entities(cf. fig 1.b). Thechemicalprocess
itself andmathematicainodelsusedto describehe processbehaior areof majorimportance
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Figurel. Metaandtypelevel of the CLiP informationmodel

here.Bothareinstance®ft echni cal syst em theirmainelement&ndrelationsaregiven
in Fig. 1.b. Process st eps like separationsteactions,or unit operationsarethe devices
of the chemicalprocess Their connectionsarephase syst ens representingan amountof
materialatacertainpr ocess st at e whichis exchangedetweertwo processtepsvia their
process ports. A phase syst emcanbeamaterialstreamwith a distinctflow rate(e.g.
kmol/hr) aswell asa materialamountor hold-up with a distinct amount(e.g. kmol). The
pr ocess st at e cancharacterizéhe exchangednaterialin anunambiguousnanner

Mathematicahrodel s, aspartof theinformationmodelstypelevel, canbe developedwith
aninternalstructureandspecifiednputsandoutputsthatrepresenthestructure of themodeled
systemMbdel s have connect or s, which canbe usedfor connectingwo modelswith an-
othervianodel coupl i ngs. Theleft sideof Fig. 1.bbelonggo thepartial modelPr ocess
theright sideto Mat hemat i cal Model .

From a conceptuapoint of view, pr ocess st eps andphase syst ens canberelated
to the nodel s which are usedfor their representatiorfseeFig. 1.b), in this casedefining
dependenciebetweerentitiesof two differentpartialmodels.In principle, the relationshipis
mary-to-mary, because processtepmight berepresentetdy anarbitrarynumberof models,
or onemodelcanbe usedto representifferent(similar) processsteps. Furthermore for the
representatioof apr ocess st ep within onespecificrodel morethanonemodelbuilding
block mightbeneedede.g.for the descriptionof differentphenomenaccurringin parallel.

The structureof the chemicalprocesgivenby the connectity of thepr ocess ports is
reflectedonthe modelsideby connect or s. Process st eps andnodel s canbedecom-
posedin a hierarchicalmanner;the structureof thesedecompositionsreinterdependentSo,
bothsidesof Fig. 1.b canberefinedby giving specifictypesof theentitiesfor aspecificdomain
within chemicalengineeringvia specializationof basicentity types. For example,PFR is a
specificpr ocess st ep. Therebythe dependencieshown in Fig. 1.b areinstantiatedmore
specifically

Thetype level of the information model definesthe basicknowled@g of an applicationdo-



main It is groupednto partialmodelsanddefinesgheentity typesin aspecializatiorhierarchy
This hierarchyforms anontologyof this domain. Therelationshipof this modelarethe basis
for the developmentof anintegrationtool betweenComosPT [8], a designdatabasewhere
informationaboutthechemicalprocessandthesingleprocesstepss kept,andAspenPlus[9],
whosemodelbuilding blocksarespecialtypesof mathematicaimodels.

3. INCREMENT AL INTEGRATION TOOLS

Integrationtools managehe fine-grainedrelationshipshetweenstructureddocumentson-
taining entities,the typesof which aredescribedn CLiP. The relationshipsareusedto incre-
mentally propagatechange$etweendocumentsio checksuchrelationsetc. Integrationtools
areusedto detecttheserelationshipsandto performthe changeschecks,etc. In this section
we describethe methodolgy part belowof CLIP to realizesuchtools. As example,we take a
tool thatmanageshe consistenyg of procesglow diagramgPFD)in ComosPT andsimulation
modelsin AspenPlus.

For simplecasestherelationsbetweerclasseslefinedon typelevel of CLiP canbedirectly
transformednto integrationrules. E.g.,the Ent hal pyChange processstepis relatedto the
Heat er model(cf. Fig. 1.b). A rule thatcanbe derivedfrom this relationcaninformally be
describedasfollows: "If astepEnt hal pyChange is containedn thePFD,insertaheat er
in thesimulationmodelandmemorizethe dependengbetweerboth’

For eachsuchrelationtherecanbe a forward rule, which transformsthe PFD to a simula-
tion model,a badkward rule for the oppositedirection, a consistencyheding rule, etc. The
dependenciearestoredin anadditionaldocumentthatis calledintegrationdocument.

In generalyelationshave to be definedin termsof correspondingobjectpatterns As exam-
ple, a correspondenceanbe definedbetweena patternin ComosPT anda patternin Aspen
Plus,seeFig. 2.a. Thepatternin ComosPT consistof areactor(PFR) with its inputandoutput
ports. This patternis relatedvia al i nk to a patternin the simulationmodelwhich consistsof
two reactorgRPl ug andREqui | ), connectedy a streamvia appropriatgorts. This canbe
necessaryn somesituationsif the reactionin the PFRis too complex to be modeledby only
onereactorin AspenPlus.Again,thisrelationcanbetransformedo differentrules In Fig. 2.a,
a forward rule is depicted. The applicationsof the UML-stereotype<news> indicatethat if
a PFR is found in the PFD, the correspondingsimulationmodel structureis createdandthe
dependengis storedin theintegrationdocument.

Eachstructuralentity lik e a streamor a chemicaldevice is describedn detail by a large set
of attributes. Theseattributeshave to be keptconsistentaswell. Therefore eachrule canbe
enrichedwith piecesof scriptingcodethatcontainattributeassignmentsAt rule enactmentthe
usercanchoosewnhich pieceof codeto apply.

Fig. 2.bshonvs anexcerptfrom a sampleintegration documenbf the ComosPT-AspenPlus
integrator The dependencieare storedaslinks referencinghe dependenentitiesof the cor-
respondingdokcumentsThe applicationof the rule depictedin Fig. 2.aresultsin thelink L3.
The PFR containedn the rule wasmappedo the PFR in the samplePFD, the corresponding
structureof the simulationmodelandthelink in the integrationdocumentverecreated.Other
rules appliedtransformedthe other entitiesin the sameway. Furthermore the transformed
entitiesof the simulationmodelhave to be connectedaswell.

Integrationtoolswork asfollows In eachrun, the integratorfirst checksthe links contained
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Figure2. Metaandtypelevel of the CLiP informationmodel

in theintegrationdocumentwhich is emptyin thefirst run. A link is in a consistenstateif all
referenceckntitiesarestill availableandunchangedThen,thedocumentsresearchedor new
entity patternsvhich canbematchedagainsexisting rules.If morethanonerule canbeapplied
alternatvely, the useris askedfor his decision.If theavailablerulesdo notfit theusers needs,
links canbe editedmanually Whenmanuallyediting links, a usermay detectthat an entity
correspondences a generalobjectpattern,which canbe enrichedto form rulesasdescribed
above.

ThedescribedComosPT-AspenPlusintegrator [10] hasbeenrealized. Theimplementation
usesa multi-layeredframenork of reusablesoftware componentgor integrationtools. Beside
thesegeneralcomponentsan integrator consistsof somespecificcomponentsase.g. tool
wrapperdo easilyaccesghetools andtheir data. Additionally, the specifiedintegrationrules
are usedto definethe integrator’s behaiour. The rulescan either be interpretedat runtime
(whichis importantfor rulesdefinedon thefly), or translatednto programcodeandcompiled
aspartof theintegrator Thelatteris usedfor efficientimplementatiorof predefinedulesthat
will notchange.



4. CONCLUSION AND OUTLOOK

In this paperintegration tools wereintroducedwhich especiallysupportdesignerdor han-
dling changeprocessesnd consisteng managementandwhich are of majorimportancefor
quality and efficiency of designprocessesand also for implied managementlecisions. A
methodolgy waspresentedor therealizationof suchtoolsrangingfrom the definition of en-
tities anddependenciewithin aninformationmodelto the implementatiorof suchtoolsusing
reusetechniquesAs example,a ComosPT-AspenPlusintegratorwasexplained.

Fromthe informationmodelside onestepis still missing: Entitiesof differenttypeswithin
an applicationdomainbelongto/occurwithin differentforms of documentsThe specification
of thesedocumentstogethemwith thedefinitionof theirinternalstructureshouldbeapartof the
model. From the tool building sidetwo stepsarestill missing: For definingthe dependencies
of differentdocuments rule editoris currentlyunderdevelopment.Furthermoreimportantin
the a-posterioricontext, semanticalvrappersare developedin orderto equalthe interfacesof
toolsto beintegratedw.r.t. their semanticalevels. The methodologyfor integratorsis applied
atvariousplacesof thescenaricof IMPROVE. Therebyalsosimplerformsof integrationtools
aredeveloped.
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