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Abstract. Triple graphgrammarsan extensionof pair graphgrammarswere
introducedfor the speci cationof graphtranslatersWe developeda framevork

which constitutesan industrial applicationof triple graphgrammarslt solves
integrationproblemsin a speci ¢ domain,namelydesignprocessei chemical
engineeringHere,differentdesignrepresentationsf achemicalplanthave to be

keptconsistentvith eachother Incrementalntegrationtoolsassisin propagating
changesndperformingconsisteng analysis.Theintegrationtoolsaredrivenby

triple ruleswhich de ne relationshipsbetweerndesigndocuments.

1 Intr oduction

Triple graph grammas, an extensionof pair graphgrammarq1], wereintroducedat
the WG 94 workshop[2]. Originally, they were motivatedby integration problems
in softwareengineeringjater, they wereappliedto otherdomainsaswell. In general,
triple graphgrammarsnaybe usedfor thespeci cationof graphtranslations¢oupling
of graphstructuresandconsisteng maintenance.

This paperreportson anindustrial applicationof triple graphgrammarsThe Col-
laboratve ResearclCentrel MPROVE [3] is concernedvith thedevelopmenbf models
andtoolsfor chemicalengineeringlesign.In IMPROVE, we realizeda framework for
building incrementaland interactve integrationtools [4, 5]. The framewvork was de-
velopedin closecooperatiorwith anindustrial partner(innotec,a Germaly software
compary, which offersanengineeringlatabassystemcalledCOMOSPT).

In chemicalengineeringdesign,a chemicalplantis describedrom differentper
spectves by a setof interrelateddesigndocumentsincluding variouskinds of ow
sheetdor describingthe chemicalprocessandthe component®f the chemicalplant,
simulationmodelsfor steady-statanddynamicsimulations,etc. Designproceedsn-
crementallyi.e.,thedesigndocumentsregraduallyre ned andimproved.Throughout
thewholedesignprocessinterrelateddesigndocumentsiave to bekeptconsistentvith
eachother Designdocumentanay be represente@s graphsin a naturalway. Triple
graphgrammarsare usedto de ne correspondencesetweengraphstructures.They
sene asspeci cationsfor rule-basedntegrationtools.

Section2 brie y recallstriple graphgrammarsSection3 introducesa motivating
examplefrom thechemicalengineeringlomain.Sectiond derivesgeneratequirements
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from the motivatingexample.Section5 present®ur framework for building incremen-
tal andinteractve integrationtools. Section6 explainshow triple rulesarede ned in

this framework. Section7 is devotedto implementatiorissues Section8 discusseshe
way we appliedtriple graphgrammarsandthe experiencesve made.Section9 com-
pareselatedwork. Section10 presents shortconclusion.

2 Triple Graph Grammars

Pair graph grammas were introducedasearly as1971 by Prattto specify graph-to-
graphtranslationg1]. A pair grammarde nes a setof pair productionswhich mod-
ify the participatinggraphsand updatecorrespondencdsetweemodes.Triple graph
grammas [2] are an extensionof pair graphgrammarsThey were motivatedby the
studyof integrationproblemsin softwareengineeringervironmentg6]. Thesestudies
shavedthe needfor a separateorrespondencgraphto be placedin betweensource
andtargetgraph Theterms‘source”and“target” denotedistinctends put donotimply
adirection.A triple productionconsistf productionsoperatingon source correspon-
denceandtargetgraph,respectiely, aswell inter-graphmappingswhich are usedto
relateelementsf the correspondencgraphto elementsof the sourceandthe target
graph,respectiely.
Letusbrie y recallsomede nitions from [2]:

— A graphis aquadruple ,where and are nite setsof vertices
(nodes)andedgesand assignsourceandtargetnodesto edges.

— A graphmorphismfrom to is a pair , Where ,

arede ned suchthatthey “presene” sourceandtargetnodes.

— A (monotonic)graphproductionis a pair of graphs , where

— A graphproduction is applicableto agraph if thereis amorph|sm
Applicationof resultsin agraph  whichis extendedwith (copiesof) nodesand
edgesn

— A triple graphis astructure , Where

, and denotesource,correspondencegndtarget graph,respectiely, and
and aregraphmorphisms.

— A triple productionis a structure , where ,
and denotesourcecorrespondencandtargetproductionsrespectiely. and

are pairs of graphmorphismswhich mapthe left-handandright-handsides,
respectiely.

— A triple production is applicableto a triple graph if its componentproduc-
tionsareapplicableto the componengraphsandthe productionmappingsmay be
mappedntothegraphmappingsApplicationof resultsin atriple graph  such
thatthecomponenproductionsareappliedto thecomponengraphsandthegraph
mappingsareupdatedaccordingo the productionmappings.

Basedon thesede nitions, the following propositionsvereprovedin [2]:

— A giventriple production
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may be split into souice-localproduction

anda source-to-taget production

suchthat
— A sequencef applicationsof triple productions is equivalentto theappli-
cationof all source-locaproductions , followed by the applicationof

all source-to-tagetproductions

Triple graphgrammarsare usedfor the speci cation of graph-basedntegration
toolswhich maybeclassi ed asfollows:

Synchronouscoupling Source,correspondenceand target graphare modi ed syn-
chronouslyby applyingtriple productions.

Source-to-targettranslation Givenasourcegraph  andasequencef source-local
productions apply source-to-taget productionsyielding a correspondencgraph

andatargetgraph

Incrementalchangepropagation Startingfrom atriple graph ,
rst apply a sequencef source-locaproductionsto andthenpropagatehe
changedo and by applyingcorrespondingource-to-tagetproductions.

In thecontext of this paperwewill focusonincrementathangegropagationywhich
in generaimaybe performedbidirectionally

3 Motivating Example

Incrementalchangepropagationis essentialin chemicalengineeringdesign,where
chemicalplantsaredescribedn designdocumentdgrom differentperspecties.Below,
we focuson a problemwhich we have beenstudyingin cooperatiorwith anindustrial
partnerinnotec,a Germaiy software compaly, offersan engineeringdatabasesystem
calledCOMOSPT [7]. In particular COMOSPT maintainsow sheetslescribingthe
chemicalprocessandthe compositionof the chemicalplantto be designedThe prob-
lem wasto integrate COMOSPT with AspenPlus[8], a simulationenvironmentpro-
vided by anothervendor In AspenPlus,simulationmodelsarecreatedandexecuted)
which have to be keptconsistentvith the correspondingo w sheets.

In chemicalengineeringthe o w sheetactsasa centraldocumentfor describing
thechemicalprocessThe o w sheeis re ned iteratively sothatit eventuallydescribes
the chemicalplant to be built. Simulationsare performedin orderto evaluatedesign
alternatves.Simulationresultsarefed backto the o w sheetdesignerwho annotates
the o w sheetwith o w rates temperaturegressuresgtc. Thus,informationis prop-
agatedbackandforth between o w sheetsand simulationmodels.Unfortunately the
relationshipdbetweerthemarenot alwaysstraightforvard. To usea simulatorsuchas
AspenPlus,the simulationmodelhasto be composedrom pre-de nedblocks.There-
fore,thecompositiorof the simulationmodelis speci c to therespectie simulatorand
may deviate structurallyfrom the o w sheet.
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Fig. 1. Integrationbetweeno w sheetandsimulationmodel

Figurel illustrateshow anincrementalntegrationtool assistdn maintainingcon-
sisteny between o w sheetsand simulationmodels.The chemicalprocessaken as
exampleproducesethanolfrom ethenandwater Flow sheetandsimulationmodelare
shavn aboreandbelow thedashedine, respectiely. Theintegrationdocumenfor con-
nectingthemcontaindinks which aredravn onthedashedine. The gure illustratesa

designprocessonsistingof four steps:

1. Aninitial ow sheetis createdn COMOSPT. This o w sheets still incomplete
i.e., it describesonly a part of the chemicalprocess(heatingof substancesand

reactionin aplug o w reactor PFR).

2. The integrationtool is usedto transformthe initial o w sheetinto a simulation
modelfor AspenPlus.Here,theuserhasto performtwo decisionsWhile the heat-

ing stepcanbe mappedstructurallyl:1 into the simulationmodel,the userhasto

selectthe mostappropriateéblock for thesimulationto be performed Secondthere

aremultiple alternatvesto mapthe PFR. Sincea straightforvard 1:1 mappingis

not sufcient, theusermapsthe PFRinto a cascad®f two blocks.

3. Thesimulationis performedn AspenPlus,resultingin a simulationmodelwhich
is augmentedvith simulationresultsn parallelthe o w sheeis extendedwith the
chemicalprocesstepsthathave notbeenspeci ed sofar ( ashing andsplitting).

4. Finally, theintegrationtool is usedto synchronizethe parallelwork performedin
the previousstep.Thisinvolvesinformation o w in bothdirections First, the simu-

lationresultsarepropagatedrom the simulationmodelbackto the o w sheetSec-

ond,theextensionarepropagatedrom the o w sheeto thesimulationmodel.Af-

ter thesepropagationfiave beenperformedmutualconsisteny is re-established.

4 Requirements

Fromthe motivatingexamplepresentedh theprevioussectionwe derive thefollowing

requirements:
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Functionality Anintegrationtool mustmanageinks betweerobjectsof inter-dependent
documentslin general,links may be m:n relationships,.e., a link connects
sourceobjectswith  target objects. They may be usedfor multiple purposes:
browsing consistencynalysis andtransformation

Mode of operation An integrationtool mustoperateincrementallyratherthanbatch-
wise. It is usedto propagateehangedetweeninter-dependentiocumentsThis is
donein suchawaythatonly actuallyaffectedpartsaremodi ed. As aconsequence,
manualwork doesnot getlost, asit happensn the caseof batchcorverters.

Direction In generalanintegrationtool may have to work in bothdirections.Thatis,
if  ischangedthechangesrepropagatedhto  andvice versa.

Mode of interaction While an integrationtool may operateautomaticallyin simple
scenariosit is very likely thatuserinteractionsarerequiredto resohe non-deter-
ministic choices.

Time of activation In singleuserapplicationsit maybedesirabldo propagatehanges
eagerly This way, the useris informed promptly aboutthe consequencesf the
changegerformedin the respectie documentsln multi userscenarioshowever,
defered propagation is usuallyrequired.In this case,eachuserkeepscontrol of
theexportandimport of changegrom/to his local workspace.

Integration rules An integrationtool is drivenby rulesde ning which objectpatterns
may be relatedto eachother It mustprovide supportfor de ning and applying
theserules.

Traceability An integrationtool mustrecorda traceof the ruleswhich have beenap-
plied. This way, the usermay reconstructater on which decisionshave beenper
formedduringtheintegrationprocess.

Adaptability An integrationtool mustbe adaptablgo a speci ¢ applicationdomain.
Adaptabilityis achievedby de ning suitableintegrationrulesandcontrollingtheir
application(e.qg.,throughpriorities). It mustbe possibleto modify therule baseon
they.

A posteriori integration An integrationtool mustwork with heterogeneousolssup-
plied by differentvendorsTo thisend,it hasto accessheseoolsvia corresponding
wrapperswvhich provide abstracanduni ed interfaces.

5 Framework for Building Integration Tools

Figure 2 providesan overview of the framevork for tool integration which we have
developedwith our industrial partner At the heartof this framework, the integrator
coreoffersbasicfunctionality. In particular it includesthe basiccontrollogic, i.e., the
algorithmsfor documentintegration. The integratorcoreaccessethe integrationdoc-
umentwhich stores ne-grainedlinks andrecordsthe applicationof integrationrules.
Furthermoreijt is connectedo thetoolsanddocumentgo beintegratedvia respectre
wrappess, which are usedto abstractfrom tool-speci ¢ details (a posterioriintegra-
tion). The integrator userinterfaceis usedto control the integratorinteractively. The
ruleswhich drive the integratorare speci ed in a rule de nition tool. Rulesareinter-
pretedby the integrator core;alternatvely, they may be hard-codedand compiledfor
moreef cient executiort.

! Currently thelatterrequiresmanualprogramming.



6

SimonM. Beclker andBernhardwestfechtel

,ﬁ‘ |ﬁ| Integrator Ul \ ,ﬂ|
Programmer Engineer <}:‘> Engineer

Compiled Rule Definitions Rule Definition
Rules f Tool
ASPEN Wrapper ‘ <):(> <):(> ‘ COMOS Wrapper ‘

@ Integrator Core @
[} I CoMos [}
w ASPEN w
Engineer @ i @ Engineer

Integration
Document

Aspen Documents Comos Documents

Fig. 2. Framavork for tool integration

Let usillustratethe operationof this framework by the exampleof Section3:

. The o w sheedesignercreatesaninitial o w sheein COMOSPT. Here, COMOS

PTis usedasit stands.

. The simulation expert usesthe integratorto createa simulationmodel. The in-

tegratoraccesseshe o w sheetthroughthe COMOS wrapperwhich providesa
graph-basegtiew onthesourcegraph.Similarly, the ASPENwrapperoffersanup-
datableview on the target graph.The simulationexpert activatessource-to-taget
productionghroughthe interactive interfaceof the integrator Source-to-tagetre-
lationshipsarestoredin the integrationdocumentwhich playstherole of the cor
respondencgraph.

. The ow sheetdesignerand the simulationexpert operatein parallellocally on

theirrespectie documents.

. The changesare synchronizedwvith the help of the integrator To synchronizethe

changesbothsource-to-tagetandtarget-to-sourc@roductionsareapplied.

De nition of Rules

For the de nition of rules,we decidedto rely on the Uni ed ModelingLanguage [9]
primarily for pragmaticeasonsThe UML is a wide-spreadnodelinglanguagenhich
is supportedby CASEtools suchasRationalRose,TogetherJetc. Althoughthe UML
is basedn anobject-orientedatherthanon agraph-basedatamodel,therearestrong
relationshipgo graphsand graphrewriting systemsFor example,an objectdiagram
shaving a set of objectsconnectedby links may be viewed as a graph. Likewise,
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Fig. 4. Modelingprocess

a collaboration diagram extendinga static object diagramwith operationsfor creat-
ing/deletingobjectsor links correspond$o a graphrewrite rule.

Figure3illustrateshow graphrewrite rulesareexpressedscollaboratiordiagrams.
All of theserules dealwith simple 1:1 correspondencesetweenheaterelementsin
o w sheetaindheatemblocksin simulationmodels Left- andright-handsideof agraph
rewrite rule are memgedinto a single diagram.Creationand deletion of objectsand
links areindicatedby annotationmew anddelete, respectiely. Rulesa) andb) are
constructivesincethey insertobjectsandlinks into the target (source)documentafter
thesource(target)documentasbeenextendedIn contrastthe destructivaulesc) and
d) areappliedto propagatedeletions:If the source(target) objectis not presentary
more,thetarget(sourcebjectaswell asthelink objecthave to bedeleted Pleasanote
thatin generaluseramay performnotonly insertions put alsochangesanddeletiongo
sourceandtarget documentsThus,we have to dealwith generalgraph rewrite rules
ratherthanonly with generatingproductions.

Sofar, we have tacitly assumedhat the rule baseis given whenthe integratoris
applied.In fact, it is fairly dif cult to de ne anappropriateandcomprehensierule set
beforehandRather the ruleshave to be learnedthroughexperience This is achieved
througha round-trip modelingprocesswhich is illustratedin Figure4. Let usassume
aninitial rule baseto startwith. The usermay applytheserulesto establishcorrespon-
dencedetweersourceandtargetdocumentlf theusemwishesto establiskacertaincor-
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respondenceventhoughaspeci c ruleis notavailable hemayresortto built-in ad-hoc
rulesby meansof which“untyped” correspondencenaybecreatedHere theuserhas
to specifycorrespondencesanually Concretecorrespondencestoredin actualinte-

grationdocumentsnaybetransformednto abstractorrespondenceate ning mutually

relatedgraphpatterns Subsequentithesestaticcorrespondencesay be transformed
into dynamicrules.After that, theintegratormay be usedwith theimprovedrule set.

Figure5 givesan exampleof a complex correspondencehich is representedby
an objectdiagram.This correspondencis abstractedrom the link betweenthe plug
o w reactorin COMOSandthe cascadef reactorblocksin ASPEN,asillustratedin
Figure12. Fromanobjectdiagramwe mayderive collaborationdiagramsby introduc-
ing new anddelete annotationsThis may be performedn two stepsin the rst step,
asynchronousule is de ned. In the secondstep,source-to-tagetandtarget-to-source
rulesmaybederivedfrom the synchronousule.

Sofar, only thestructuralaspect®f correspondencemdruleshave beenaddressed.
In addition, attributeshave to be consideredin practice,elementsof o w sheetsand
simulationmodelsmay carry a large numberof attributeswhich have to be keptcon-
sistentwith eachother Thereforerulesfor attribute assignmentsave to be provided
aswell. In the UML, the relationshipsetweenattribute valuesmay be de ned in the
Object ConstraintLanguage(OCL). For further detailson attribute assignmentsthe
readeris referredto [5].

2 pleasenote thata simpli ed notationwas employed in Figure 1, while Figure5 shaws the
actualinternalgraphrepresentationin particular connectionsarerepresenteés objects,as
well astheendpoints(ports)of both connectionganddevices.
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7 Implementation

Theframavorkintroducedn Sections wasimplementedn cooperatiomwith ourindus-
trial partnerinnotec,theproviderof COMOS.Theimplementatiorwasperformedsuch
thatthe integratorwould interactsmoothlywith COMOS (andASPEN).Furthermore,
it wasrequiredto keeptheimplementatiorasslim aspossibleandto avoid rucksack®f
infrastructuresoftware.For thesereasonswe did not usethe PROGREServironment
[10], which is still hearily usedin other projectscarriedout in our group. Rather a
light-weightimplementatiorwasrealizedwhichis tailoredtowardsthe speci c require-
mentsof our applicationdomainand doesnot provide a generaland powerful graph
rewriting machinery

For the pointsto be madein the next section,it is not importantto go into the
detailsof theimplementationHowever, we do have to corvey anoverallunderstanding
of how the integratorworks. The integratoris providedwith the sourcedocumentthe
targetdocumentandtheintegrationdocumentBoththesourcedocumentandthetarget
documenimay have beenmodi ed afterthelastrun of theintegrator(seee.g.the last
stepof our examplein Section3). To re-establistconsisteny, the integratorsearches
sourceandtargetdocumentdor elementsavhich do not participatein correspondences.
Theseelementsare scheduledor source-to-tagetor target-to-sourceransformations.
In the next step,the setof candidaterulesis identi ed for eachscheduledelement.
If thereis no suchrule, the usermay apply a built-in ad hoc rule. If thereis more
thanonerule, the userhasto selectthe appropriateone.If thereis exactly onerule,
therule is appliedautomatically In addition,the integratorperformsa run throughthe
integrationdocumentto checkthe consisteng of the correspondencealreadystored
in the integrationdocumentEachcorrespondencstoresa referenceo the respectie
rule. All correspondenceshosesourceor target patternaveremodi ed asmarkedas
inconsistentlf essentiaklementf thosepatternswere deleted the correspondence
is deletedaswell. If possible repairactionsare initiated to re-establishconsisteny.
In additionto structuralrules, the integrator also handlesattribute rules (throughthe
executionof scriptcode).

8 Discussion

After having recalledthe theoreticafoundationsof triple graphgrammarsn Section2
andhaving presentea practicalapplicationin the following sectionswe now re ect
ontheexperiencesve have madein the describedapplication.

By andlarge, triple graphgrammarsconstitutea powerful conceptuaframewvork
for addressingntegrationproblemsfor thefollowing reasons:

— For complex m:n relationshipsijt paysoff to introducea correspondencgraphin
betweerthe sourceandthetargetgraph.

— Triple productionsdeclaratvely specifycoupling of graphstructuresand abstract
from the differentpossiblemodesof use:synchronousoupling, source-to-taget
(andtarget-to-sourcejranslation andincrementathangepropagation.

Ontheotherhand theactualde nitions asgivenin [2] bearsomerestrictionsvhich
preventedtheir usein our context:
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— Graphsarenot typed,andnodesdo not carry attributes.Both typesandattributes

areveryimportantin our applicationdomain.

— Inter-graphrelationshipsarerepresentetly graphmorphismslUsually, morphisms

arede ned betweengraphsof the sametype. Furthermorethey have to presere
not only sourceandtarget nodesof edgeshut alsotypes.This is not the casefor
therelationshipdetweenthe correspondencgraphandsourceor targetgraph.in
addition,acorrespondenceodemayberelatedto only onesourceandtargetnode,
respectiely. Thus, complex correspondencesannotbe modeledin the way we
have doneit (seeFigureb); rather they haveto spreadvermultiple correspondence
nodeswhich aregroupedonly implicitly 3. Altogether it seemsnoreappropriateo
represeninter-graphrelationshipgdy inter-graphedgesinstead.

— Thede nitions dealonly with graphgrammas. However, we areconcernedvith

graphrewriting systemsThe usermay alsoapply deletingor modifying transfor
mations.Grammarsareadequatdor batchtranslationsGivenasourcegraph
constructatargetgraph . However, we have to dealwith generalkediting rather
thanmerelywith constructingoperations.

Finally, we facedsomepracticalproblemsin our applicationdomain:

— The original proposaltacitly assumeshat we may startfrom given grammardor

thesourceandtargetgraphsin practice thesegrammarsarenotavailable.Usually,
tools provide a proceduraliinterface(e.g., OLE) for readingandwriting the data
storedin native datastructuresThereis no de nition of the underlyinggraphical
languageAt best,the tool builder may provide a documentedextual interchange
format (typically XML).

— Likewise, it is by no meansstraightforvardto de ne the triple rules.In fact, the

correspondencdsetween o w sheetsandsimulationmodelsmay be de ned only
through practicalexperience.Therefore,we introducedour round-trip modeling
processllustratedin Figure4.

— In our applicationdomain,we only have afairly weaknotion of consistencyThe

rulesdescribingcorrespondencdsetween o w sheetsand simulationmodelsare
of heuristicnature.Similar obsenationsapply e.g. to the relationshipshetween
requirementsle nitions andsoftwarearchitectureén softwareengineering6].

— In [2], it is assumedhat the decouplingof transformationss achieved with the

help of graphparsersOnly whenwe know the productionsequencen the source
graphcanwe applythe correspondingroduction®on thetargetgraph.Building of
graphparserss complicatedaryway, but it completelybreaksdown whenthepars-
ing problemis undecidablé. For thesereasonswe have never considereduilding
graphparsersRatherthe changeperformedon sourceandtargetgrapharedeter
minedin a completelydifferentway by traversingsource target, and correspon-
dencegraph,asdescribedn Section?.

% In theexamplegivenin [2], this groupingis introducedinformally by compositenodeidenti-

ers.

4 The original proposakssumesnonotonicproductiongo guarantealecidability
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9 RelatedWork

Triple graphgrammarshave their roots in the IPSEN project[11] which dealt with
tightly integratedsoftwaredevelopmenenvironmentsOriginally, only a priori integra-
tion wasconsideredi.e., toolsweredesignedor integrationfrom the very beginning.
Lefering[6] usedtriple graphgrammargo developincrementalntegrationtoolsfor the
couplingof requirementsle nitions andsoftwarearchitecturesLater on, triple graph
grammarswvere appliedin several software engineeringprojectsoutsidethe scopeof
thelPSENproject.In particular they wereusedfor there-engineeringf softwaresys-
tems.In the Varlet project[12], incrementalintegrationtools were built for mapping
relationalto object-orientedlatabaseschemasln ReforDi[13], toolswere developed
for migratingmainframeapplicationdo a client-senerarchitectureHere,thestructure
graphof the original Cobol applicationwas mappedto an object-basedarchitecture
with the help of triple rules.Both projectsrelied on the PROGRESernvironment[10]
asthe underlyingspeci cationandimplementatiormachineryFinally, [14] reportson
anapplicationof triple graphgrammarsn chemicalengineeringTo someextent, this
work senedasa startingpoint for the projectdescribedn this paper

Graphtransformationshave beenusedfor the speci cation of integrationtoolsin
a coupleof otherprojectsaswell. Someof this work is devotedto modeltransforma-
tions, wherea givenmodelis transformednto anothemotation[15, 16]. Model trans-
formationtools usuallyoperaten batchmodewithout userinteraction,i.e., they work
like a compiler In contrastthe applicationswe study demandfor incrementaljnter-
active integrationtools. Closelyrelatedproblemsarestudiedin the ViewPointsproject
[17], whichinvestigatesnethodsandtoolsfor maintainingconsisteng betweerrelated
view points(documentsn our terminology)in softwareengineeringEndersetal. [18]
describehow consisteng analysisand repair actionsin the ViewPointsapproachare
speci ed with the help of distributedgraphtransformationsHere,the morerestricted
pair graphgrammarapproactcoinedby Pratt[1] is applied.

10 Conclusion

We have presentedinindustrialapplicationof triple graphgrammarsincrementaln-
tegrationtools are usedto maintainconsisteng betweerinter-dependentlesigndocu-
mentsin chemicalengineeringWe have alsodiscussedhe strengthsandlimitations of
thetriple graphgrammarapproachln our futurework, we will evaluatethetoolswhich
we built in cooperatiorwith ourindustrialpartner Furthermorewe will generalizehe
framework suchthatit canbe appliedoutsidethe chemicalengineeringiomain.
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