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ABSTRACT:

In developmentprocessesultiple tools areusedto de-
scribedifferentaspectsf the developedproduct. There-
sulting informationis storedin heterogeneoudocuments
that are technically independentout whose contentsare
closely relatedon the semanticlevel. Thus, if one doc-
umentis changed,thesechangeshave to be propagated
to dependentlocumentsn orderto restoremutual consis-
tengy. Thereforethereis aneedfor incrementalntegration
tools which assistdevelopersin consisteng maintenance.
Drivenby this need,we realizeda framework for building
incrementalntegrationtoolswhich is currentlybeingused
in the chemicalengineeringdomain. Integrationtools are
basedon modelsof the relateddocumentsand their mu-
tual relationships.Thesemodelsaredefinedin the Unified
ModelingLanguaggUML).

I. INTRODUCTION

Developmentprocessesn different engineeringdisci-
plines suchas e.g. mechanical chemical,or software en-
gineeringare highly complex. The productto be devel-
opedis describedfrom multiple inte-dependenperspec-
tives. The resultsof developmentactiities are storedin
documentsuchase.g.requirementsiefinitions, software
architecturespr moduleimplementationsn softwareengi-
neeringor variouskinds of flow diagramsand simulation
modelsin chemicalengineeringThesedocumentgrecon-
nectedby mutual dependencieand have to be kept con-
sistentwith eachother Thus,if onedocuments changed,
thesechangeshave to be propagatedo dependentocu-
mentsin orderto restoremutualconsisteny.

Tool supportfor maintaininginter-documentonsisteng
is urgentlyneededHowever, corventionalapproachesuf-
fer from severelimitations. For example,batchcorverters
arefrequentlyusedto transformonedesignrepresentation
into another Unfortunately sucha transformationcannot
proceedautomaticallyif humandesigndecisionsare re-
quired. Moreover, batchcornverterscannotbe appliedto
propagatechangesncrementally Furthermore hypertext-
like tools provide basemechanismdor establishingnter-
documentinks which provide for traceabilityof the devel-
opmentprocess. However, usually suchtools do not in-
corporatesemanticknowledgeontherelationshipbetween
inter-dependentiocuments.Therefore,supportfor consis-
teng/ controlandchangepropagatioris severelylimited.

In [5], we presentec framework for building integration
toolsthatoffer more sophisticatedupportfor maintaining
inter-documentonsisteng. Our approactis characterized
by thefollowing features:

1. Relationshipsbetweeninter-dependentdocumentsare
storedin separatelatastructuresyhich arecalledintegra-
tion documentsAn integrationdocumentconsistsof a set
of links connectingpatternsof therelateddocuments.

2. Integrationtools are driven by rules which specify the
relationshipsbetweensourceandtarget patterns. Whena
rule is applied,a correspondingink is insertedinto thein-
tegrationdocument.

3. Integrationtoolsoperaténcrementallyinasmuchasthey
maybeusedto propagatehangedetweerinter-dependent
documents.Thatis, whenonedocuments changedpnly
the effectsof this changearepropagatedo the relateddoc-
ument;unafectedpartsof the documentreretained.

4. In general,ntegrationtools arebidirectional i.e., they
can be usedto propagatechangesrom the sourceto the
targetdocumentndvice versa.

5. In general,it cannotbe assumedhat changescan be
propagatedwutomatically Rather integrationtools operate
interactively, i.e., they rely on humandecisionsconcerning
theselectiorof whichruleto applyin ambiguousituations.
6. Change propagationis only oneof multiple functionsof
integrationtools. In addition,they canbe usedfor consis-
tencyanalysisandbrowsing(traversingof links).

7. Finally, integrationtools aremodel-basedi.e., they are
basedn modelsof therelateddocumentandtheir mutual
relationships.

In this paper we focus on the last feature mentioned
above. We will demonstratbow theUnifiedModelingLan-
guage (UML [7]) canbe usedto definethe relationships
betweendifferent documenttypes. First classdiagrams
areusedto defineassociationbetweerrelatedclassegon-
tainedin thedocumentsimodels.Next, in collaboratiordi-
agramscorrespondingpatternsareidentifiedandrelatedto
eachother Finally, executablerulesbasedon graphtrans-
formationsarederivedfrom the correspondingatterns.

The restof this paperis structuredasfollows: In Sec-
tion I, we presenta motivatingexamplefrom the chemical
engineeringdomain. In Sectionlll, we give an overview
of our modeling approach. After thesepreparationsthe
corepartof thepaperfollows. SectionlV presentshemeta
model,which is usedin SectionV to defineactualintegra-
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tion models. SectionVI| discusseselatedwork, and Sec-
tion VII concludeghe paper

Il. MOTIVATING EXAMPLE

While the conceptsunderlying incrementalintegration
tools arefairly generaland domain-independentye have
focusedin particularon the chemicalengineeringdomain.
Therefore,we take the motivating example from this do-
main. More specifically we areinterestedn the relation-
shipsbetweenflow sheetsand simulationmodels. A flow
sheetdescribeghe chemicalprocesdgo be designedwhile
asimulationmodelsenesasinputto atool for performing
steady-stat®r dynamicsimulations. Heterogeneousols
may be usedfor creatingflow sheetsand simulationmod-
els,respectiely. In thefollowing, we assumehatthe flow
sheetis maintainedby COMOS PT [22] and simulations
areperformedin AspenPlus[23], both of which arecom-
mercialtoolsfor chemicalengineering.

In chemicalengineeringthe flow sheetactsasa central
documentfor describingthe chemicalprocess. The flow
sheeis refinediteratively sothatit eventuallydescribeshe
chemicalplantto bebuilt. Simulationsareperformedn or-
der to evaluatedesignalternatves. Simulationresultsare
fed backto theflow sheetdesignerwho annotateshe flow
sheetwith flow ratestemperatureqressuresgtc. Thus,in-
formationis propagatedthackandforth betweerflow sheets
andsimulationmodels.Unfortunatelytherelationshipde-
tweenthemare not always straightforvard. To usea sim-
ulator suchas AspenPlus,the simulationmodelhasto be
composedrom pre-definedlocks. Therefore the compo-
sition of the simulationmodelis specificto the respectie
simulatorandmay deviate structurallyfrom the flow sheet.

Figure 1 illustrateshow an incrementalintegrationtool
assistdn maintainingconsisteng betweerflow sheetsaand
simulationmodels. The chemicalprocesgaken as exam-
ple producesthanolfrom ethenandwater Flow sheetand
simulationmodel are shavn above and below the dashed

line, respectiely. Theintegrationdocumenfor connecting
them containslinks which are drawn on the dashedine?.
The figure illustratesa designprocessconsistingof four
steps:
1. Aninitial flow sheeis createdn COMOSPT. This flow
sheetis still incompletej.e., it describenly a partof the
chemicalprocesgheatingof substancesndreactionin a
plug flow reactor PFR).
2. Theintegrationtool is usedto transformthe initial flow
sheeinto asimulationmodelfor AspenPlus.Here theuser
hasto performtwo decisions While the heatingstepcanbe
mappedstructurallyl:1into the simulationmodel,the user
hasto selectthe mostappropriateblock for the simulation
to be performed.Secondtherearemultiple alternatvesto
mapthe PFR.Sincethe moststraightforvard 1:1 mapping
is notconsideredufiicient,theuserdecidedo mapthePFR
into a cascadef two blocks. Thesedecisionsaremadeby
selectingamongthe differentpossibilitiesof rule applica-
tionsthetool presentdo theuser
3. Thesimulationis performedin AspenPlus,resultingin
asimulationmodelwhichis augmentedvith simulationre-
sults. In parallel,the flow sheets extendedwith thechem-
ical processtepsthathave notbeenspecifiedsofar (flash-
ing andsplitting).
4. Finally, the integrationtool is usedto synchronizethe
parallelwork performedn the previousstep.This involves
information flow in both directions. First, the simulation
resultsare propagatedrom the simulationmodel backto
theflow sheet.Secondthe extensionsarepropagatedrom
the flow sheetto the simulationmodel. After theseprop-
agationshave beenperformed, mutual consisteng is re-
established.

Theexamplepresentedbove demonstratethefunction-
ality of theintegrationtool, but it doesnotshown how thisis
achieved. As mentioned jntegrationtools are model-and

L This is a simplified notation. Somedetailsof the documentandinte-
grationmodelintroducedaterareomitted.
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rule-basedIn thenext sectionswe will explainthemodel-
ing framavork underlyingincrementalntegrationtools.

I11. OVERVIEW
A. Levelsof Modeling

In orderto definethedocumentshatareto beintegrated,
their relations,andthe rulesthat control the integrationin
astructuredvay, a multi-layeredmodelingapproachased
on UML is used. It follows the paradigmof metamodel-
ing, i.e., eachlayerdefinesthe constructgo be usedon the
next lower layer. To expresshis paradigmin UML, we ap-
pliedtheapproachntroducedn [18], whichis basednthe
extensionof the UML metamodel.

Figure2 shows the differentlayersandtheir interdepen-
dencies.Onthemetamodellevel, the UML metamodelis
enrichedwith modelingconstructghat canbe usedon the
modellevel to defineprocesdslow diagram-like document
typesandto build modelsrelatedto the integrationof such
documentsThe procesdlow diagram(PFD) specificmeta
model is a specializationof an even more abstractmeta
modelfor the integrationof arbitrary documentswhich is
omittedhere.

Like in standardUML, the modellevel consistsof the
type level andthe instancelevel. On the type level docu-
mentmodelsfor specifictypesof documentsare defined.
They areexpressedisclasshierarchieslescribingthe doc-
uments’ underlying type systems. In our example, doc-
umentscontainingsimulationmodelsfor AspenPlusand
flow sheetdor ComosPT aredefined. To be ableto per

form anintegration of thesedocumentsassociation$ be-
tweenthe classesontainedn thedocumentstlasshierar
chiesaredrawn.

On the instancelevel, we distinguishbetweenconcrete
instancesand abstractinstances. Correspondenceand
rules are abstractinstances. A correspondenceelatesa
patternout of onedocumentto a patternof anotherdocu-
ment.A patterndescribestemplatewhich canbematched
againstanactualdocument.Here,AspenPluspatternsare
relatedto ComosPT patterns.Correspondencesanbe en-
richedto becomeexecutableantegrationrules Theserules
areusedto performtheintegrationof two documents.

Concretdnstancesreusedto describeactualdocument
instancedike AspenPlus simulation models,ComosPT
flow sheets,and integration documents. An integration
documents createdor eachintegrationof two documents.
It containdinks betweerrelatedpartsof the documents.

The differentlayersof modelingare explainedin detail
in SectiondV andV.

B. ModelingProcess

Figure 3 shows the interrelationsbetweenthe different
partsof themodelfrom a morepracticalpoint of view. The
metamodelsenesasbasisboth for theimplementatiorof
integrationtoolsandtherule modelingprocessilt is defined
accordingto domainspecificknowledgelike, in our case,
the informationmodel CLiP [4] for chemicalengineering
andtherequirementgoncerningntegrationfunctionality.

Basically therearetwo waysto defineintegrationrules:
top down, beforethe integrationtool is applied,or bottom
up, basedon situationsoccuring during the usageof the
tool. It is mostlikely thatin practicefirst a basicset of
rulesis definedtop down by amodelingexpertandthenthe
rule baseis extendedbottomup by the engineemsingthe
integrationtool. Beforeary rulescanbe defined,the doc-
umentsto be integratedhave to be modeledon type level,
which is not shavn in the figure. Next, associationhave
to be definedon type level that declaretypesfor possible
correspondencesn the abstractinstanceevel. Again, for
bothtasksdomainspecificknowledgehasto beused.

Following atop down approachnow correspondencem
theabstracinstancdevel aremodeledbasedn theassoci-
ationsontypelevel. Thesearetheninteractively refinedto
integrationrules. Theresultingsetof rulesis usedby thein-
tegrationtool to find correspondingartsof sourceandtar-
getdocumentndto propagatehangedetweerthesetwo
documents.The correpondingdocumentpartsare related
by links storedin the integration document. If no appro-
priaterule canbe foundin a given situation,the chemical
engineerperformingthe integration can manually modify
sourceandtargetdocumentandaddlinks to theintegration
document.

2Theseassociationaredifferentfrom theassociationsisedin the UML
standardIn thefollowing, alwaysthe prefix UML’ is usedif it is referred
to UML associations.
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To extendtherule basebottomup, thelinks enterednan-
ually in theintegrationdocumentcanbe automaticallyab-
stractedo correspondencdsetweerpatterns.Next, acon-
sisteny checkagainsthe associationgntypelevelis per
formed. If the correspondencearevalid, the engineeris
now guidedthroughthe interactive refinementof the cor-
respondencéo integrationrulesby a simplified modeling
tool. Therulesareaddedto therule baseandcanbe used
for thefollowing integrations.

IV. META MODEL

Themetamodelextendsthe UML metamodelwith con-
structsthat canbe usedto definePFD documentypesand

associationbetweenthem. Figure4 shovs a UML class
diagramwhich depictsthe metamodeP. The document
related part of the metamodel is marked grey, the rest
is integration specific. The documentmetamodeldefines
metaclasseghatareinstantiatecbn thetypelevel to define
the documentstype hierarchiesThe classPFD_Increment
is the root of the type hierarchy Only instancesof this
classcan be relatedby an associationon type level. A
PFD_Increment canbeeithera Component or a Connection.

3This is aninformal presentatiorof the metamodel. The new classes
and UML associationsave to be definedasin [18]. The cardinalities
definedin the metamodeldo not refer to the next lower level, the type
level, but to theinstancdevel. In aformal notationthey would have to be
definedasadditionalconstrainton the metalevel.
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A Component is achemicalDevice thatprocesseshemical
substancesr a Stream thattransportshem. EachCompo-
nent canaggreatezeroto mary objectsof classPort. An
additionalconstraintvhichis notdepictechereassureshat
streamscan have only two ports. A Connection connects
two ports,which senesto representhe topologicalstruc-
tureof theflow sheet.

Instance®f theintegrationspecificmetaclassPFD_Link
areusedon type level to expressassociationdetweenin-
crementypes.Eachincrementypecanbereferencedy at
mostonelink astargetincrement(toPFDTarget) or source
increment(toPFDSource). Thisis ensuredy therelations’
cardinalitiesand an additionalconstraintwhich is omitted
here. An incrementtype canbe referencedy an arbitrary
numberof links ascontext incremen{{toPFDTargetContext,
toPFDSourceContext). Oneof thetwo documentghatare
to be integratedis chosento be the sourcedocumentcon-
taining sourceincrementsand the other to be the target
documentcontainingtargetincrements.This hasno influ-
enceon the directionin which informationis propagated
betweenboth documents.Incrementgeferencedy a link
ascontet incrementscannotbe modified by the resulting
rule. Eachlink canbe extendedby relating ports of the
sourcedocumento correspondingportsin the targetdoc-
umentvia instancesof the metaclassPortMapping. The
knowledgeof correspondingportsis neededy integration
rulesthatautomaticallyreconnectomponentshatarecre-
atedin onedocumenby otherrulesaccordingto the topo-
logical structurein the otherdocument.

V. MODEL

A. TypeLevel

On the type level the type hierarchiesof the sourceand
thetagetdocumentaremodeledandassociationbetween
classe®f thetwo hierarchiesaredefined. The instance-of
relationshipbetweerclasse®nthetypelevel andtheirmeta

classen the metalevel is expressedvith stereotypesA
classwith thestereotypec<mclass>> is aninstanceof the
metaclassnclass.

In Figure5 a) an excerptof the type hierarchyof As-
penPlusis depicted.The classAspenComponent which is
an instanceof the metaclassComponent is the common
superclassfor AspenDevice (instanceof Device) and As-
penStream (instanceof Stream). Beneaththeseclasseghe
simulationcomponentswvailablein AspenPlusfor thesim-
ulation of devicesandstreamsaremodeledasfurther sub-
classes.For instance the classHeatExchanger is a super
classfor all classesf heatexchangerdike HEATER and
HEATX. The documentmodel of ComosPT is structured
similarly. Figure5 b) shavs an excerptcontainingsome
of the heatexchangersavailable for the definition of flow
sheetsin ComosPT. They are groupedby the superclass
EnthalpyChange.

Besidethe documentstype hierarchiesassociationde-
tweentheir typesare modeledon type level. For the top
down modelingapproachheseassociationgreusedto ex-
plicitly expressdomainknowledge.For thebottomupmod-
eling approachhey areusedto checkthe validity of corre-
spondingpatternson the abstractinstancelevel. Associa-
tions are expressedvith link classeghat arerelatedto the
associatedlassewia UML associations.

Typelevel associationsanbedefinedon differentlevels
of abstraction.This canbeillustratedwith the help of the
examplesn Figure6. Parta) shovsanassociatiobetween
the classeHEATER of the AspenPlustype hierarchyand
HE of the ComosPT type hierarchy The classHeaterLink
is aninstanceof themetaclassPFD_Link andexpresseshe
associationA classHeaterPortMapping is definedthatcan
beusedontheabstractnstancdevel to specifywhich ports
correspondo eachother The cardinalitiesof the toHeater
andtoHE UML associationsre one-to-oneand the con-
nectecheaterclassedbothareleavesof thetypehierarchies
(seeFigureb).
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The associationin Figure6 b) is similar to the one ex-
plainedbefore,but in this casethe relatedclassesare not
leavesof thetype hierarchiesThe port mappingis omitted
in thisfigure.

Associationslike the two explained so far can be di-
rectly dervedfrom domainspecificknowledge.For exam-
ple,in our scenaridhey aregainedfrom UML associations
betweenpartial modelsof the chemicalengineeringdata
modelCLiP [4].

The mostgenericassociations depictedin Figure6 c).
This associationallows the definition of arbitrary corre-
spondingpatternson the abstractinstancelevel. Thus,all
correspondingatternghatare syntacticallycorrectarean
instanceof this associationOf coursetherearemoreasso-
ciationsdefinedfor our runningexamplewhich areomitted
here.

B. AbstactInstancelevel

On the abstractinstancelevel correspondenceare de-
fined as instancesof the association®on the type level.
Then, the correspondencesan be refinedto becomeexe-
cutableintegrationrules.

B.1 Correspondences

Each correspondenceelatesone patternof the source
documento onepatternof the targetdocument.A pattern
describestemplateconsistingof componentsports,con-
nectionsandtheir relationswhich canbe matchedagainst
the contentsf concretedocumeninstances.

The (static) UML collaborationdiagramin Figure 7
shavs the correspondencef an AspenPlusheatercompo-
nent (S1) anda ComosPT heatercomponentT1). This
correspondencés an instanceof the associationin Fig-
ure6 a). Becauseheassociatiomelatesonly oneincrement
type with cardinalityone-to-oneo anotherincrementtype
andbothtypesareleavesof theirtype hierarchiesthemain
part of the correspondenceanbe unambiguouslderived
from the associationThis is doneby instantiatingthe link
classandboth heatercomponent®f the associationOnly
the portsandtheir mappingshave to be definedmanually
In this example,the AspenPlusheaterhasonly oneinput
(S1.P1) andoneoutputport (S1.P2) for the substancethat
haveto beheated They arerelatedvia portmappinggL.M1,
L.M2) to the correspondingorts of the ComosPT heater
(T1.P1, T1.P2). Theadditionalports(T1.P3, T1.P4) of the
ComosPT heaterthatareusedfor the cooling/heatingluid
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have no counterpartin AspenPlus. The meaningof this
correspondencis thata HEATER componenin an Aspen
Plussimulationmodelcanberelatedto aHE componentn
aComosPT flow sheethroughalink in anintegrationdoc-
ument.Thisis thecasen theexamplein Sectionll. Thein-
tegrationrulesthatcanbe gainedfrom this correspondence
throughrefinementwill be presentedater.

To ensurethe validity of the correspondencethey have
to beinstance®f associationslf acorrespondencde mod-
eledby handfollowing thetop down approachthemodeler
shouldselectthe link type from the parentassociatiorhe
intendsto use. Thenit can be ensuredby the modeling
ervironment(e.g. RationalRose)that the correspondence
is consistento this association.In this example,the type
HeaterLink waschoserfrom theassociatiorin Figure6.a.

If the correspondencis gainedfrom anexisting integra-
tion documentfollowing the bottomup approachit hasto
be matchedagainstall available associations.The corre-
spondencexplainedso far could be aninstanceof all as-
sociationgn Figure6. All associationsanbe orderedfol-
lowing a heuristicmetric thatis basedon the cardinalities
of theUML associationsindthedistanceof thetypesused
to the leavesof the documentstype hierarchies.The less
abstractan associatioris, the higheris its valueaccording
to themetric. Following this metric, theassociatiorin Fig-
ure 6 a) would be assigned high valuewhile the associa-
tion in Figure 6 ¢) would geta low value. In generalthe
higherthe sumof the valuesof all matchingassociationss
for a correspondencehe strongerit is backed by the do-
mainknowledgecontainedn the modelontypelevel. The
correspondencstype shouldbe setto theassociatiorwith
thehighestvalue.

A more comple correspondencthat is an instanceof
the associationn Figure6 c) only is depictedin Figure8.
Here,acomplex patternin anAspenPlussimulationmodel
is relatedto a simple patternin ComosPT. The reaction
performedin the reactorin ComosPT (T1) is too complex

to be simulatedin only one reactorcomponentn Aspen
Plus.Thereforefwo reactorqS1, S5) areconnectedvith a
stream(S3) via theappropriatgortsandconnectionsOnly
the portsthatare usedto connectthe complex structureto
othercomponent§S1.P1, S5.P2) aremappedPM1, PM2)
to thecorrespondingortsin theflow shee{T1.P1, T1.P2).
One of the rules that can be gainedfrom this correspon-
denceds usedin theexamplein Sectionll to createthesim-
ulationblocksin AspenPlusfor the PFRin ComosPT (cf.
Figurel).

B.2 Rules

Correspondencasitherpreciselyspecifywhich patterns
of sourceandtargetdocumentganberelatedto eachother
Nevertheless,nformation is still missingto obtain rules
thatcanbe executedby anintegrationtool. Thereforeeach
correspondenceanbe enrichedto gain several executable
integrationrules. This is donewith the help of constraints
thatareaddedto the UML collaborationdiagramsdescrib-
ing thecorrespondence3heconstraintareusedto extend
thecorrespondingatterngnto simplegraphrewriting rules
thatare usedto find a given situationin the tamget, source
andintegrationdocumentindalterthethreedocumentsc-
cordingto the rule. For a more detaileddescriptionof the
rule executionprocesgleaseaeferto [5].

Therearetwo classe®f rules: RulesthatestablisHinks
andrulesthatdealwith inconsistenciesf existinglinks that
occur after a modification of previously integrateddocu-
ments.

Thefollowing constraintsaredefined:

« Unmarled incrementshave to be presentin the docu-
ment.

« {not}: Themarledincremenimustnot exist.

« {new}: The markedincrementmustnot exist andis cre-
atedif therestof the patternwasmatched.

« {delete}: Themarkedincremenimustexistandis deleted
if therestof the patternwasmatched.
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« Additional constraintcanbedefined,e.g. to restrictthe
searchto incrementghathave specificattribute values.
Someof the rules that can be gainedby enrichingthe
correspondenci Figure7 areillustratedin Figure9. The
portsandtheir mappingareomittedfor brevity. Therules
a) andb) arelink establishingules,c) andd) dealwith in-
consistenciesRulea) is a forwardtransformationij. e. in-
formationis propagatedrom the sourceto thetargetdocu-
ment.Here,if anincremenof typeHEATER is foundin the
simulationmodel,a correspondingncrementof type HE is

a) forward propagation

S1: L1: T1:HE
HEATER {new} HeaterLink {new} {new)
‘toAspen {new} :toComos
Component Component
b) backward propagation
S1: L1: T1:HE
HEATER | "W} | Heaterlink | {new}
{new} :toAspen {new} toComos
Component Component
c) forward deletion
S1: L1: T1:HE
HEATER HeaterLink —9%1®%} | (yelete
{not} ‘toAspen {delete} ‘toComos
Component Component
d) backward deletion
S1: L1: T1:HE
HEATER | {98t} | terink {not}
{delete} :toAspen {delete} toComos |
Component Component

Fig. 9. Link establishinda, b) andinconsisteng resolving(c, d) rules

createdn the flow sheet,anda new link is createdin the
integrationdocumenthatreference®othincrementsRule
b) performsthe sameoperationin the oppositedirection;
this rule wasappliedin the examplein Sectionll. Please
note, that despitethe destinctionbetweensourceand tar-
getdocumentboth forward and backward transformations
canbe performedby oneintegrationtool in oneintegration
cycle. Thisis neededf both documentsvere modifiedsi-
multaneoushandareto be madeconsistenby propagating
thechangesnadein eachdocumeninto the othet

Theinconsistenceesolvingrules(c, d) areexecutedsim-
ilarly. Here,rulesaredepictedthatdealwith restoringthe
consisteny afterthe deletionof anincrementthatwasref-
erenceduy alink previously. For instancejf a HeaterLink
wasestablishedby rule a) or b), andthe heatercomponent
in the simulationmodelwasdeletedby the user rule c) is
executedwith the resultthat both the link andthe heater
componentn AspenPlusaredeleted.

Of coursetherecanbemorecomple rulesthantheones
explainedsofar. For instancefrom the correspondencia
Figure6 c) severalrulescanbe derived throughthe usage
of the constraintgdlefinedabove.

Anotherexamplefor a comple rule is the one usedto
propagateonnectiondetweerthedocumentgFigure10).
This rule is ratherimportantbecauset is neededto re-
connectpatternsthat were createdn a documentby other
rules, accordingto the topological structureof the docu-
mentwherethey originated. It canbe usedif port map-
pingsarerestrictedo cardinalityone-to-onelf two Aspen-
Ports (SP1, SP2) in the sourcedocummenfare connected
(S1), the portsin the targetdocument(TP1, TP2) mapped
to themare connectedaswell (T1) anda link betweerthe
two connectionss createdL1).



PM1:
AspenComosPortMapping
:toComosPort
SP1 - toAspenPort TP1:
AspenPort ComosPort
‘ ‘toAspenPort :toComosPort
- ‘toAspen toComos
S1: ) Connection| L1 {new}: Connection T1 {new} :
AspenConnection {new} ComplexLink {new} |_ComosConnection
‘ :toAspenPort :toComosPort
SP2: P2
AspenPort | .toAspenPort ComosPort
:toComosPort
PM2 :
AspenComosPortMapping

Fig. 10. Forwardtransformatiorrule for connectiong1:1-portmapping)

B.3 Attribute Assignment

Sofar, only thestructuralaspect®f correspondencesd
ruleswhereadressedIn practice,eachcomponenis fur-
therdefinedby alargenumberof attributesandtheirvalues.
To dealwith the consisteng of theseattributes,eachcorre-
spondenceanbeenrichedoy differentattributeassignment
statements Attribute assignmentgan be expressedising
the OCL language.In our prototypicimplementationVi-
sual Basic Script is usedto sparethe translationof OCL
to an executablesecification. An attribute assignmentan
accesall attributesof theincrementseferencedy alink;
thoseof context incrementscan only be read, the others
canbewritten aswell. Therearedifferentsituationsin de-
velopmentprocessem which anintegrationis performed.
Dependingon the situationan appropriateattribute assign-
mentis chosenFor instancefor eachcorrespondencg.e.,
for the setof resultingrules)thereis one attribute assign-
mentfor theinitial generatiorof thesimulationmodel,one
to propagatehe simulationresultsbackinto theflow sheet,
etc.

C. Concetelnstancelevel

Ontheconcretdnstancdevel instance®f sourcetarget,
and integration documentscan be modeledmirroring the
structureof ‘real’ documents.Here, the constructsntro-
ducedontypelevel canbeusedik e ontheabstracinstance
level. Concreteinstancef links foundin actualintegra-
tion documentganeasilybeabstractedo correspondences
onabstracinstancdevel. Thisis doneby simply replacing
theidentifiersof all objectsby placeholders.

VI. RELATED WORK

At our departmentincrementalintegration tools were
built for differentareasf application atfirst for thedomain
of softwareengineerind14]. Recently in our projectbe-
ing apartof the Collaboratve ResearciCouncil MPROVE
(CRC 476) the domainof chemicalengineeringhasbeen
themainfocus[8], [5], [3]. Ourapproachs basedngraph
transformationsindcoupledgraphgrammarg20].

We useUML [7] to expresshe multi-layeredintegration
model. Therefore extensiondo the UML metamodelhave
to bemade[18], [6], [1].

In anothermrojectof the CRC 476 the datamodel CLiP
for chemicalengineeringis developedwhich consistsof
several partialmodels[4]. This datamodelis integratedin
our documenimodelsandthe relationsbetweerthe partial
modelsdefinedin CLiP areusedasabasisfor thetop-down
rule definition.

In currentpracticein chemicalengineering21], the de-
pendenciebetweerdocumentareoftenmanagedy hand.
This taskis errorprone and time consuming. There are
differentapproacheso improve tool support: The defini-
tion and usageof standardizedlatamodels,the usageof
centraldatabasesr documeninanagemenystemsvhere
all productinformationis stored,andbatchcorvertersthat
generatatargetdocumenfrom a sourcedocumentWhile
batch transformatordack userinteractionand incremen-
tal operation,the other approache®nly deal with coarse
grainedintegrationor rely on one-to-oneelationsbetween
thedocumentstontents.

Therearedifferentresearchareasin computersciences
that deal with the problem of fine graineddependencies
betweendocumentsmainly with software engineeringas
domainof application: Traceability modeltransformation,
andinconsisteng management.

Traceabilityis appliedto tracktherequirementsf asoft-
waresystemin productsof laterphase®f the development
proces$17]. Themaininterests to provide documentation
of dependenciethat often have to be definedmanuallybut
not to give tool supportfor keepingdependentiocuments
consistent.

Model transformatiordealswith consistentranslations
betweerheterogeneoumodels.For instancethisis of high
importancefor software developmentmethodslike model
drivenarchitecturg11]. Therearea lot of projectswhere
graphgrammarsareusedto specifythetranslatior{12], [2].
In [13] UML is used. Most resultingtranslationshetween
modelsoperatebatch-like without userinteractionand do
not supportincrementality

In the areaof inconsisteng managemerit is dealtwith
the detectionof inconsistenciedbetweenexisting docu-
ments[19], [16]. Methodsare developedto interactvely
or automaticallyresolhe suchinconsistencies.

In [10] a framawork is proposedhatidentifiesdifferent
view pointsof a productthatis to be developedand pro-
vides the basisfor their integration. One applicationof
this framewnork with emphasison the integration between
the differentview pointsis presentedn [9]. It is based
on distributed graphgrammars. This approachis similar
to our work but it focuseson the consisteng checkand
theresolvingof inconsistenciesf existingdocumentsOp-
erationalrules are definedas graphtransformationdrom
scratchthereis no prior definitionof domainknowledge.

Xlinkit [15] is anotherproject dealingwith dependent



documents. XML technologyis usedto assurethe docu-
ments’ consisteng. Becauseof the structureof the doc-
umentsin our domain, we believe that UML and graph
grammarsare bettersuitedto model and executeintegra-
tion functionality.

VIlI. CONCLUSION

We have reportedon recentwork on a framework for
building incrementalintegrationtools. The framewvork has
beendevelopedn closecooperatiorwith anindustrialpart-
ner(innotec,which developsandmarkets COMOSPT) un-
der the umbrellaof a long-term Germanresearchproject
(the Collaboratie ResearciCouncil IMPROVE) which is
concernedvith designprocesse# chemicalengineering.
We have demonstratetow the UML maybeusedto define
integration modelsfor incrementalintegration tools. For
creatingmodels,we make useof a commercialCASE tool
(RationalRose).Currentwork is concernedvith analyzing
UML modelsfor consisteng andwith generatingcodefor
theintegrationrules. Futurework will addresgieneraliza-
tion of theframework suchthatit canhandleotherdomains
aswell (sofar, therearesomedomain-specifipartswhich
assumdé’FDdocuments).
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