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Keepingthevastamountof inter-documentrelationsconsistent,which relateentitiesof dif-
ferentdocuments,is importantfor the quality andefficiency of designprocesses.Especially,
theserelationsareeminentfor masterdocuments,asflowsheets(PFD) in chemicalengineer-
ing, becausemanagementdecisionsarebasedon statementsderived from PFDs. This paper
introducesnovel toolsfor anincrementalandinteractiveupdateor checkof suchrelations.

1. INTRODUCTION

In theprocessindustries,thereis agrowing demandfor theimprovementof designprocesses
in orderto obtainbetterdesignresultsin shorterdevelopmentcycles. The designresultsare
of major interestfor the top managementof a chemicalcompany, as they are the basisfor
decisisonsif, when,andhow to build anew plantor to modify anexistingone.

Currenttool supportis mainlycharacterizedby numeroussoftwaretoolsfor specificpurposes
or isolatedpartsof thedesignprocess.However, asustainableimprovementof thedesignpro-
cesscan only be achieved by the integration of applicationtools into a designenvironment
[1]. During the lastyears,commercialenvironmentslike AspenZyqador intergraph’s Smart-
Planthavebeendeveloped.They aremainly restrictedto thetoolsof thecorrespondingvendor.
Theadaptionto specificwork processesof developerswithin a company or the integrationof
arbitrarytools,especiallyfrom othervendors,arenotgenerallysolved.

One key aspectof tool integration is the integration of the data createdand usedwithin
differenttools.Thesedataarekeptin separateheterogeneousdocuments,storedin independent
files or databases.Nevertheless,their contentshave to be consistentto eachother. E.g., the
processstructurein asimulationmodelusedto describeandpredictthebehaviour of achemical
processhasto beconsistentto thestructureof theprocessrepresentedin aflowsheet.Therefore,
elementslike reactorsor streamsin one documentare relatedto correspondingelementsin
the other. This resultsin many fine-grained, inter-documentdependencies, which have to be
managedandwhich arethe focusof this paper. Furthermore,coarse-graineddataintegration
(versionandconfigurationcontrol)hasto bemanagedtoo [2], which is not presentedhere.

Within designprocesses,especiallyif concurrentandsimultaneousengineeringareapplied,
incrementalchange processesareperformed,wherechangeshave to be propagatedprecisely
throughthenetwork of dependentdocuments.Therefore,toolsareneededto supportdevelopers
in keepingdifferentdocumentsin aconsistentstate.Currently, thesefine-graineddependencies
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aremanagedmanuallyby developerswithout appropriatetool support.
In this paper, tools will be presentedthat modelthe dependenciesbetweendifferentdocu-

mentstypesanddocumentsexplicitly. On this basis,integrationtools arederived supporting
developerswithin changeprocessesandfor consistency management.Therefore,integration
tools also integratethosetools by which sourceandtarget documentsareelaborated.These
integration tools are one of four novel approachesinvestigatedwithin the Collaborative Re-
searchCenterIMPROVE [3] [4], to supportdesignprocessesin chemicalengineeringontopof
existingdesigntools(a-posterioriintegration).

Integration tools can only be built, if there is structure within correspondingdocuments.
Fortunately, this is often the case,e.g. betweena flowsheetand a simulationmodel. The
flowsheetplaystherole of amasterdocumentin chemicalengineering[5]. Thesetoolshave to
work incrementallyto serve for changeprocesses,they considerdesigndecisionsinteractively,
astherearedifferentpossibilitiesto relateelementsof differentdocumentsto eachother, and
they areresponsiblefor managing thefine-graineddependenciesbetweendifferentdocuments.
Integrationtoolshavebeenbuilt in thedomainof softwaredevelopmentfor sometime [6].

For therealizationof integrationtoolsamethodologyhasbeendeveloped.It consistsof atop-
down part,which is describedin this paper, anda bottom-uppart to build wrapperson top of
existing tools,to gethomogeneousinterfaces.Themethodologyconsistsof threesteps:within
theinformationmodelCLiP thedifferenttypesof entitiesof thechemicalengineeringdomain
are orderedinto partial modelsandclearly describedin a conceptualmulti-level framework
(sect.2). Dependenciesof this descriptionare further refined(sect.3): Firstly, the potential
dependenciesaremodeledon typelevel. Then,patternsof objectsturcturestogetherwith their
links aredefinedand tool behaviour is specified,e.g. for a forward transformation.Finally,
integrationtoolsarerealizedacomponentframework. A shortoutlookconcludesthepaper.

2. INFORMA TION MODELS FOR THE SPECIFICATION OF INTEGRATION TOOLS

In orderto be ableto implementintegrationtools that allow to interrelatedataof different
applicationtools,thedatahandledandstored in thesetoolsandtheirmutualdependencieshave
to beunderstood. Onepossibility to obtainsuchanunderstandingareinformationmodels,in
which datastructuresanddependenciesaredescribedin anabstractandformal manner.

The informationmodelCLiP (ConceptualLifecycle Processmodel)hasbeendevelopedto
describetheinformationandwork processesof thechemicalengineeringdomainin a concep-
tual manner, i.e. independentlyfrom a specificimplementation[7]. CLiP coversthreemodel
levels, onwhich conceptsaregivenondifferentdegreesof abstraction.

On themetalevel, thetechnical system is introducedrepresentingall kindsof techni-
cal artifacts,thatarebuilt to fulfill somefunctionality(cf. fig. 1.a).Examplesfor technical
systems arechemicalplants,computersystems,or mathematicalmodels.Within a tech-
nical system, two typesof subsystemscanbe distinguished:devices which hold the
majorfunctionalityandconnections thatlink thedifferentdevicestogether. Theconnectiv-
ity of devices andconnections is representedby theirports, which areconnectedvia
couplings.

On the typelevel, CLiP is refinedfor therepresentationof informationneededduringchem-
ical processdesignby introducingtypes(classes)of entities(cf. fig 1.b). Thechemicalprocess
itself andmathematicalmodelsusedto describetheprocess’behavior areof majorimportance
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a) meta level: technical system
 b) type level: partial models, types of entities, relations


Figure1. Metaandtypelevel of theCLiP informationmodel

here.Bothareinstancesof technical system; theirmainelementsandrelationsaregiven
in Fig. 1.b. Process steps like separations,reactions,or unit operationsarethe devices
of thechemicalprocess. Their connectionsarephase systems representingan amountof
materialatacertainprocess state which is exchangedbetweentwo processstepsvia their
process ports. A phase system canbea materialstreamwith a distinctflow rate(e.g.
kmol/hr) as well as a materialamountor hold-up with a distinct amount(e.g. kmol). The
process state cancharacterizetheexchangedmaterialin anunambiguousmanner.

Mathematicalmodels, aspartof theinformationmodel’s typelevel, canbedevelopedwith
aninternalstructureandspecifiedinputsandoutputsthatrepresentthestructureof themodeled
system. Models haveconnectors, which canbeusedfor connectingtwo modelswith an-
otherviamodel couplings. Theleft sideof Fig. 1.bbelongsto thepartial modelProcess
theright sideto Mathematical Model.

From a conceptualpoint of view, process steps andphase systems canbe related
to the models which are usedfor their representation(seeFig. 1.b), in this casedefining
dependenciesbetweenentitiesof two differentpartialmodels.In principle, the relationshipis
many-to-many, becausea processstepmight berepresentedby anarbitrarynumberof models,
or onemodelcanbe usedto representdifferent(similar) processsteps.Furthermore,for the
representationof aprocess step within onespecificmodel morethanonemodelbuilding
blockmightbeneeded,e.g.for thedescriptionof differentphenomenaoccurringin parallel.

Thestructureof thechemicalprocessgivenby theconnectivity of theprocess ports is
reflectedon themodelsideby connectors. Process steps andmodels canbedecom-
posedin a hierarchicalmanner;thestructureof thesedecompositionsareinterdependent.So,
bothsidesof Fig. 1.bcanberefinedby giving specifictypesof theentitiesfor aspecificdomain
within chemicalengineeringvia specializationof basicentity types. For example,PFR is a
specificprocess step. Thereby, thedependenciesshown in Fig. 1.b areinstantiatedmore
specifically.

The type level of the informationmodeldefinesthe basicknowledge of an applicationdo-
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main. It is groupedinto partialmodelsanddefinestheentity typesin aspecializationhierarchy.
This hierarchyformsanontologyof this domain.Therelationshipsof this modelarethebasis
for the developmentof an integrationtool betweenComosPT [8], a designdatabasewhere
informationaboutthechemicalprocessandthesingleprocessstepsis kept,andAspenPlus[9],
whosemodelbuilding blocksarespecialtypesof mathematicalmodels.

3. INCREMENT AL INTEGRATION TOOLS

Integrationtools managethe fine-grainedrelationshipsbetweenstructureddocumentscon-
tainingentities,the typesof which aredescribedin CLiP. The relationshipsareusedto incre-
mentallypropagatechangesbetweendocuments,to checksuchrelationsetc. Integrationtools
areusedto detecttheserelationshipsandto performthe changes,checks,etc. In this section
we describethemethodology part belowof CLiP to realizesuchtools. As example,we take a
tool thatmanagestheconsistency of processflow diagrams(PFD)in ComosPTandsimulation
modelsin AspenPlus.

For simplecases,therelationsbetweenclassesdefinedon typelevel of CLiP canbedirectly
transformedinto integrationrules. E.g., theEnthalpyChange processstepis relatedto the
Heater model(cf. Fig. 1.b). A rule thatcanbederivedfrom this relationcaninformally be
describedasfollows: ”If astepEnthalpyChange is containedin thePFD,insertaheater
in thesimulationmodelandmemorizethedependency betweenboth.”

For eachsuchrelationtherecanbe a forward rule, which transformsthe PFD to a simula-
tion model,a backward rule for the oppositedirection,a consistencychecking rule, etc. The
dependenciesarestoredin anadditionaldocument,thatis calledintegrationdocument.

In general,relationshave to bedefinedin termsof correspondingobjectpatterns. As exam-
ple, a correspondencecanbe definedbetweena patternin ComosPT anda patternin Aspen
Plus,seeFig.2.a.Thepatternin ComosPTconsistsof areactor(PFR)with its inputandoutput
ports.This patternis relatedvia alink to a patternin thesimulationmodelwhich consistsof
two reactors(RPlug andREquil), connectedby a streamvia appropriateports.This canbe
necessaryin somesituationsif the reactionin thePFRis too complex to bemodeledby only
onereactorin AspenPlus.Again,this relationcanbetransformedto differentrules. In Fig. 2.a,
a forward rule is depicted.The applicationsof the UML-stereotype� new � indicatethat if
a PFR is found in the PFD, the correspondingsimulationmodelstructureis createdandthe
dependency is storedin theintegrationdocument.

Eachstructuralentity like a streamor a chemicaldevice is describedin detailby a largeset
of attributes. Theseattributeshave to be keptconsistentaswell. Therefore,eachrule canbe
enrichedwith piecesof scriptingcodethatcontainattributeassignments.At ruleenactment,the
usercanchoosewhich pieceof codeto apply.

Fig. 2.bshows anexcerptfrom a sampleintegrationdocumentof theComosPT-AspenPlus
integrator. Thedependenciesarestoredaslinks referencingthedependententitiesof thecor-
respondingdokcuments.Theapplicationof therule depictedin Fig. 2.aresultsin thelink L3.
ThePFR containedin the rule wasmappedto thePFR in thesamplePFD,thecorresponding
structureof thesimulationmodelandthelink in theintegrationdocumentwerecreated.Other
rules appliedtransformedthe other entitiesin the sameway. Furthermore,the transformed
entitiesof thesimulationmodelhave to beconnectedaswell.

Integrationtoolswork asfollows: In eachrun, theintegratorfirst checksthelinks contained



5

Comos PT


integration document


Aspen Plus


T5 :

�

REquil


T3 :

�

Stream

	T2 :


Connection


 T4 :


Connection




S1.P1 :

	

Port

S1.P2 :


	
Port


T1.P1 :

In


T1.P2 :

Out


� T3.P1 :

�

In


T3.P2 :

Out


� T5.P1 :

In


T5.P2 :

Out


�

L1 : Link


T1 :

RPlug


S1 :

	
PFR


<new>


<new>


<new>


<new>
 <new>
 <new>
 <new>
 <new>
 <new>
 <new>


<new>


<new>


a) integration rule as 
�
    UML coll. diagram


b) a sample integration




    document


RSTOIC


EQUILR


EnthalpyChange

UO


PFR
3

�1


1
 2
1
 2

2


HE

1


2

3


�
1


PFR

2
1
 2
 1
 2
 1
 2


link L3
link L1
 link L4
 link L2


L1
 L4
 L2

attribute

assignment


port

mapping


Comos PT


integration

document


�

Aspen Plus

�

s1
�
s2
� s3
� s5
�

s4
�

t1

� t3


�t2

�

t4

�

t5

� t6


�
t7


�

t9

�

context


co
nt

ex
t


co
nt

ex
t


context


t8

�

Figure2. Metaandtypelevel of theCLiP informationmodel

in theintegrationdocument,which is emptyin thefirst run. A link is in a consistentstateif all
referencedentitiesarestill availableandunchanged.Then,thedocumentsaresearchedfor new
entitypatternswhichcanbematchedagainstexistingrules.If morethanonerulecanbeapplied
alternatively, theuseris askedfor his decision.If theavailablerulesdo not fit theuser’s needs,
links canbe editedmanually. Whenmanuallyediting links, a usermay detectthat an entity
correspondenceis a generalobjectpattern,which canbe enrichedto form rulesasdescribed
above.

ThedescribedComosPT-AspenPlusintegrator [10] hasbeenrealized.Theimplementation
usesa multi-layeredframework of reusablesoftwarecomponentsfor integrationtools. Beside
thesegeneralcomponents,an integrator consistsof somespecificcomponents,as e.g. tool
wrappersto easilyaccessthe toolsandtheir data.Additionally, thespecifiedintegrationrules
are usedto definethe integrator’s behaviour. The rules can eitherbe interpretedat runtime
(which is importantfor rulesdefinedon thefly), or translatedinto programcodeandcompiled
aspartof theintegrator. Thelatter is usedfor efficient implementationof predefinedrulesthat
will not change.
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4. CONCLUSION AND OUTLOOK

In this paperintegration tools wereintroducedwhich especiallysupportdesignersfor han-
dling changeprocessesandconsistency management,andwhich areof major importancefor
quality and efficiency of designprocessesand also for implied managementdecisions. A
methodology waspresentedfor the realizationof suchtools rangingfrom thedefinitionof en-
tities anddependencieswithin aninformationmodelto theimplementationof suchtoolsusing
reusetechniques.As example,aComosPT-AspenPlusintegratorwasexplained.

Fromthe informationmodelsideonestepis still missing:Entitiesof differenttypeswithin
anapplicationdomainbelongto/occurwithin differentformsof documents.Thespecification
of thesedocuments,togetherwith thedefinitionof their internalstructureshouldbeapartof the
model. Fromthe tool building sidetwo stepsarestill missing:For definingthedependencies
of differentdocumentsa rule editor is currentlyunderdevelopment.Furthermore,importantin
thea-posterioricontext, semanticalwrappersaredevelopedin orderto equalthe interfacesof
tools to beintegratedw.r.t. their semanticallevels. Themethodologyfor integratorsis applied
atvariousplacesof thescenarioof IMPROVE. Thereby, alsosimplerformsof integrationtools
aredeveloped.
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