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Abstract

Cross-cuttingaspectsand role-basedmodelingare
twocomplementaryapproachesto achieveseparationof
concerns. The Object Coordination Nets (OCoN) ap-
proach for distributedsystemdesignandarchitecture is
usedto studybothin a commonenvironment.TheOCoN
approach emphasizethe contract principle in form of
role-basedmodeling. Thedifferent providedrolesof a
subsystemare representedby distinct contracts to en-
able their separation during design. The support for
secure run-time binding of contracts further permit to
considerthe caseof more dynamicand opensystems.
W.r.t. the OCoNapproach the underlyingconceptsand
the achieveddegreeof separation for role-basedmod-
eling andin thedomainof distributedandopensystems
aredescribed.Theintegrationof dynamicservicelookup
to supportalsocross-cuttingaspectsandthelimitations
of such a procedureare furtheraddressed.

1. Introduction

Theclassicalnotionof separationof concerns[25] is
oneof thefundamentalprinciplesto breakcomplexity in
softwareengineering.The commonnotion of modules
with interfacesleadsto a dominantdimensionof sepa-
ration [30] andthus,dependingupondesigndecisions,
otherdesignaspectsbecomecross-cuttingaspects[18].
Multi-dimensionalseparation of concerns[30, 15] has
thereforebeenproposedto supportthe separatedhan-
dling of differentaspectseven whenonedominantde-
compositionis given.

The main idea is to independentlydevelop suitable
functionalitiesof thesystemandto automaticallyweave
themtogetherlateron. However, the individual aspects
— at leastin the original proposals— are requiredto
beorthogonalto eachother. For this reason,thepropos-
als mainly pertainsto crossover functionality like, for
instance,persistenceor errorhandling.Moreover, weav-
ing is carriedoutonthelevel of programcodein contrast
to designasaddressedin this paper.

The ideaof a separationof concernson an architec-
tural level is supportedby mostmodernmodelsof the
softwaredevelopmentprocess,e.g. theRationalUnified
Process[19]. However, while thesemodelsgenerally

agreeto considersoftwarearchitectureanddesignasa
multidimensionalcombinationof variousspecificviews
on thesystem,a well-definedformal foundationaswell
asa methodologyfor thecompositionof independently
developed,non-orthogonalaspectsis currentlymissing.

Traditionalobject-orienteddesignmethodsandnota-
tions [3, 28, 16] andthe UML [24] standardareappro-
priateandspecializedto supportprogramminglanguage-
baseddevelopment.A seamlesstransitionfrom the de-
sign to the implementationcannotbeachievedfor even
simple concurrentor distributed applications,because
the compositionof behavioral aspectsis assumedto be
orthogonal. For distributed systemshowever the phe-
nomenaof concurrency andasynchronouscommunica-
tion andtheir semanticalimpactcannotbeignored.

A suitableseparationbetweentheobjectsof a design
is often missing,which leadsto unexpecteddependen-
ciesandresultsin severalproblemsduring implementa-
tion. A lack of separationbecomesevena biggerdraw-
backwhenthesystemevolvesandthesizeof thesystem
growsor whensubsystemsaredistributedusingmiddle-
wareapproachessuchasCORBA or DCOM. For such
systems,a higher emphasisupon a sufficient software
architectureincluding a strongerneedfor separationis
thereforeessential.

Specificationof componentbehavior basedon com-
mitmentsandassumptionsis oftenreferredto asdesign
bycontract [21] andleadsto abetterseparationbetween
componentsof the system. Additionally, role-based
modelingaspresentedin [27] supportsseveral,dedicated
viewsonasystemor componentwhichmayleadto suit-
ablecontracts.Consequently, recentwork [17] suggests
to realizerole-basedmodelswith AOP. This fundamen-
tal relation is alsoexploited in the OCoN approachon
thelevel of systemdesign.

2. The OCoN Approach

The OCoN approachreflectsthis additionalrequire-
mentby putting a strongemphasisuponthe basicsoft-
ware engineeringideasof modularizationand separa-
tion andfurtherby applyingthedesignby contractidea
of Meyer [21]. The separationof independentlyserved
contractsas in the caseof role-basedmodeling[27] in
conjunctionwith multiple interfaces[32] for different
concernsfurther improve separation.The combination



of the usually simple syntacticalinterfacenotion with
a behavioral protocolbuilds a synchronizationcontract
which permitsreductionof harmful implementationde-
pendenciesto a greatextent. Thesebehavioral contracts
form a suitablemechanismto describearchitecturalas-
pectsusingtheconnectorideaof Allen andGarlan[2].
Hence,we extendtheobjectsubtypingnotionby means
of thebehavior protocol.TheOCoNformalismcarefully
distinguishessharedfrom exclusivecontractsandmakes
an improved subtypingnotion for thesecasesfeasible.
Theprovidedvisualnotationpermitstheconstructionof
subtypecontractsby a form of graphicalcomposition.

The basicmechanismsusedin the OCoN approach
are thoseof the currently widely usedobject-oriented
analysisand design[3, 28, 16]. In order to introduce
asfew new notationsaspossible,the differentkinds of
diagramsprovidedby the UML [24] areusedwherever
suitable. Whendealingwith staticstructurethis works
fine. As discussedin [10], however, the UML nota-
tions for behavior modelingarenot particularlymature
with respectto distributedsystems.TheOCoNapproach
overcomessuch drawbacksof the UML by meansof
providing appropriatevisual formalismsbasedon Petri
nets[4] for behavioral descriptionswhichthenareseam-
lesslyintegratedwith theconceptsof object-orientation,
concurrency aspectsand resourcecoordinationin dis-
tributedsystems[12]. Moreover, the very basisof the
approachplacesfocusupona contract-basedsystemde-
sign[11, 8].

Figure 1. The structural concept for a class
or subsystem

The OCoN formalism provides three specific net
formsto describecontractprotocolsandtheinstancebe-
havior. Figure1 presentsthe relationbetweenthe dif-
ferentnets. Protocolnets(PN) areusedto describethe
guaranteedor assumedbehavior of contracts.Socalled
servicenets(SN) describebehavior for a specifictask
right like a methodwith its own threadof control in a
programminglanguage. An instancewide unique re-
sourceallocationnet(RAN) is usedto describetheover-

all instanceactivities like requestacceptanceaswell as
the allocationof neededresourcesfor the requestpro-
cessingincludingthecreationof relatedservicenetsfor
a request.For sake of concisenesswe further omit any
detailsof thebehavior descriptionwith netsanddenote
themonly usingtheirabbreviationsto focusontheover-
all conceptsfor separation.

3. Distributed System Engineering

Thespecificproblemof softwareengineeringfor dis-
tributedsystemsandits treatmenthasbeenthemaingoal
of the OCoN approach. Waldo et al. [31] have iden-
tified that concurrency, resourcemanagement,the phe-
nomenonof partial failuresandperformancearethees-
sentialaspectswhich a distributedsystemdesignis re-
quired to cover. When an open systemis further in-
tended,the resultingproblemshave also to be suitably
managed.

Themainconceptto addressthehighlightedproblems
within the OCoN approachareexecutabledesignmod-
els. It is to be notedthat even for the coreUML, a re-
strictedattemptexists to defineand standardizeaction
semantics[1]. The attemptto definean operationalse-
manticsfor the constructive UML behavior description
mechanismsstatediagram(statechart)andactivity dia-
gram are the correctstep,while the consideredbehav-
ioral specificationtechniquesdo not supportany useful
notionfor contractsor behavior abstractionandthusthe
resulting extendedspecificationsusing the action lan-
guageresult in mere implementation. The OCoN be-
havior descriptionin contrastsupportsthesimulationfor
even incompletelyspecifiedsystemsdue to its explicit
designfor behavioral abstraction.

While concurrency andresourcemanagementareas-
pectsserved by the underlyingPetri net formalism,the
carefullyensuredexecutableabstractdesignmodelis re-
quiredto considerperformanceat this earlystageof the
process.For thephenomenaof partial faultsin contrast,
we have to refer to the intendedunderlyingmiddleware
or restrictits choiceaccordingly.

The beneficialmechanismsidentifiedduring the de-
signprocessdo to someextentdeterminebotharchitec-
tureandsuitablemiddlewaresolutions.If in thismanner,
thedimensionsof suitablesoftwarearchitecturesareini-
tially explored,the choiceof a middlewareproducthas
at leastto ensurethattheappliedor assumedprinciples,
for example,reliablemessaging,distributedtransactions
or associative accessarealsoprovided by that middle-
ware. This choicehasto take into accountthe restric-
tionsof specificmiddlewareproducts,while themiddle-
warestandardsaim to supportacompletelist of features
andthusdo not resultin any restriction.

When,in contrast,a specificmiddlewareproducthas
beenselectedbeforehanddesign,therestrictionsof such
have to beconsideredduringdesign.Designfor middle-
ware [7] which exploressuitablearchitecturalalterna-
tivesfor fixedmiddlewarewould thereforebemoreap-



propriate.TheOCoNapproachdoesnotsupporttheem-
beddingof middlewareor language-specificconstructs
into the designitself so asto ensurethat the designre-
mainsa conceptualmodel and not a direct implemen-
tation. Restrictionsenforcedby a specificmiddleware
solution are usually rathergeneral. The fact that reli-
ablemessagingor distributedtransactionsaresupported
doesnot directly affect theavailability of behavioral el-
ements,but ratherinfluencesthe failure semanticsof a
design.Therestrictioncannotthereforebeexpressedin
direct OCoN languagetermsand insteadresultsin ad-
justederrorsemantics.

4. Roles and Separation

Thesupportedrole-basedmodelingallow thesepara-
tion of functionalaspectsbymeansof contracts.Thedif-
ferentrolesaspecificsubsystemcanplaywithin adesign
canbe describedby distinct contractsandaretherefore
separatedfrom eachother. During furtherdesignactivi-
tiesthesedistinctcontractscanbeemployedasrequired
while keepingthemseparatedwherepossible.Thusthe
overalldesigncomplexity is reducedin contrastto ahan-
dling which considersthe whole classinsteadof it role
specificcontractduringsystemconstruction.

The majority of approachesfor multi-dimensional
separationof concernsfunction at the implementation
level andcurrentapproachesfor thedesignlevel, asfor
example, subject-orienteddesign[6], are restrictedto
simple strategies suchas merge or select. Commonly
only non-functionalaspectsareaddressedand relevant
notionsof synchronizationandprotocolsfor distributed
systemsare not considered. A single OCoN compo-
nent can provide multiple independentoperatingcon-
tracts which further permit the separationof different
functional aspects. Due to synchronization,resource
sharingandsemanticaldependenciesbetweendifferent
servedcontractsin suchanimplementationtype,there-
latedconflictsanddependencieshaveto beaddressed.In
theOCoNapproachthis is achievedin anexplicit fash-
ion by takingtheneededinternalcoordinationanduseof
importedcontractsinto account.

It is to be noted, that in contrastto the common
techniquesfor aspectweaving which assumethe auto-
matic weaving of orthogonalaspectsthe presentedap-
proachconsidersnon-orthogonalaspectsand therefore
the weaving becomesan importantdesignactivity that
cannotbe totally automatedwhen conflicts have to be
resolved in a semanticalcorrectmanner. The resulting
demandfor manualaspectweaving for eachcomponent
involvedin multiplearchitecturalaspectsseemscumber-
someon thefirst sight,but theweaving canbedonelo-
cally for eachcomponentandtheapproachseparatesas-
pectsglobally for theoveralldesign.Therefore,thepro-
posedapproachpermitsto reducetheoverallcomplexity
of a designwhile only thedesignof eachsinglecompo-
nentmightbecomemorecomplex.
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Figure 2. Role composition via an exe-
cutab le model

The resultingscenariois visualizedin Figure 2. A
simplified version of a productionplanning and con-
trol systemof [13] is considered.Productsarepassing
throughmultiple successive stageswhich areequipped
with machines. Modern productionequipmentoffers
a variety of interfacesfor accessingdifferent function-
alities like, for instance,configurationof the machine,
monitoringof relevantparametersandcontrolof theac-
tualworkingprocess.In thedesignweconsiderthecon-
trol andprocessingaspectsof theapplicationdomainin
isolationusingdistinct rolesfor a machine.TheOCoN
approachfurther explicitly addressthe combinationof
thesepartial specificationsinto an overall machinebe-
havior by meansof anexecutabledesignmodeldescrib-
ing therequiredcoordination.

Even whenduring the beginning of a designthe in-
ternalneededusageof resourceshouldbe omitted, the
compositionof asetof contractsfor aknown setof con-
straintscan be studied. This permitsthe separationof
architecturalviewsw.r.t. thegivenconstraints.If nocon-
straintsexist, the resultingexternalbehavior for a com-
ponentrealizingtwo contractprotocolsis simplythepar-
allel product, but when the protocol statesare related
to eachotherby constraints,only a subsetof this prod-
uct protocolis still correct.By abstractingfrom explicit
statesandoperationsusingclassificationswecanfurther
specifytheconstraintson a conceptuallevel. Changing
oneaspectandits contractdoesthennot effect otheras-
pects. In joint work with Vilbig [13] a corresponding
generalapproachfor theseparationof functionalaspects
at the level of a software architecturehasbeendevel-
oped.

The structuralsituationof the describedapproachis
depictedin Figure3. A setof ratherabstractconstraints
togetherwith theprovidedcontractsis analyzedto detect
conflictswhichwill hold for everypossibleimplementa-
tion. The constructedmost generalrealizationcan be
furtherusedasstartingpoint for theimplementation.
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Figure 3. Anal ysis of role composition for
a set of constraints

If in contrastrelevantdependenciesbetweenprovided
andusedcontractsexistsalsothenecessaryinformation
for correctcomponentcompositionis required.Theno-
tion of typedcomponentsystems(TYCS) [8] doesfur-
theraddressthis issue.In contrastto theexplicit behav-
ior specificationof object-orientedsystemsasachieved
with theOCoNapproach,thecomponentstypespreserve
agreatdegreeof freedomconcerningcomponentimple-
mentationby abstractfrom suchdetailsbut remainsuffi-
cient to excludeall generalbehavioral anomalies.The
TYCS approachgoesone step further and provides a
componentnotionwith black-boxabstractionwhichstill
ensuresthe necessaryknowledgeto control their appli-
cationandcomposition.
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Figure 4. Role composition for black-bo x
components

For our machineexamplea possibledesignis visual-
ized in Figure4. While the processingmay dependon
theusedcontracts,thecontrolcontracthasto beserved
independentof pendingrequests.

5. Aspects and Weaving

Opensystemsand run-time binding of servicesare
fundamentalrequirementsbigger distributed systems

bring into thegame.Temporarycooperationof indepen-
dentdevelopedcomponentsthatdo not shareany orga-
nizationalbackgroundwill thereforebecomemandatory
in thefuture. Classicalclass-baseddesignedsystemsas
well asprogramminglanguage-basedapproachesfor ad-
vancedseparationby meansof weaverswill howeverfail
undersuchconditions.Duringsystemdesignandimple-
mentationno fixedboundaryor commoncodebasiscan
beassumedandthereforedevelopedtechniqueshave to
beadjusted.

A first fundamentalchangewill be thata systemhas
to operatein multiplepossiblecontextsinsteadof afixed
static one. Therefore,weaving has to be adjustedac-
cordingly. For predefinedinterception-pointsthereal-
ready exists the techniqueof run-time servicelookup
[29] which canbeusedto do theweaving ”on thefly”.

TheOCoNapproachsupportsefficient run-timecon-
tractmatchingwhichincludesprotocolconformance[9].
In combinationwith explicit context dependenciesin
form of requiredcontext capabilitiesthat areneededto
obtainpoliciesor servicesfor well understoodorthogo-
nal aspectslike tracing,securityor failure handlingthe
availabletechnologycanprovideadvancedseparationof
concerns. However, pre-definedinterfacesfor service
lookupareneededto enabletheir integration.
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Figure 5. Weaving by service lookup for a
kno wn contract type

In Figure5 theresultingsituationis visualizedwhen
the machineprocessingdependson a givencontext de-
pendentset of policies. For known variationssuchas
material dependentprocessingparametersthe explicit
architecturalsolutionat designtime is possible.

Theneedfor suchcontext capabilitiescanbefurther
reducedwhendefaultpoliciesandsolutionsoperatinglo-
cally for asinglecomponentaregiven,however, it is of-
tenusefulto makethecontext dependenciesexplicit and
demandthemasprerequisitefor runninga component.
We proposethereforeto model the componentcontext
rather explicitly and determinethe interception-points



for theaspectsacomponentshouldsupportatdesignand
implementationtime.

Another commonapproachto addressthis issueis
configuration at time of deploymentasrealizedby the
EJB [20] componentapproach.Here,for example,the
persistenceaspectcanbe determinedwheninstalling a
component.Note, however, that againthe pre-defined
componentlife-cycle of a EJB componentensuresthat
a well-definedinterfaceexists. Insteadof specificmod-
ulesrealizinga particularaspect,the applicationserver
permitonly to chosefrom a predefinedlist of options.

The presentedsolutionsarehowever not ableto add
arbitraryaspect.Instead,only suchaspectsthe compo-
nentdesignandimplementationis awareof canbesup-
ported. In contrastmiddleware interceptors[23], e.g.,
for threadmanagementissues,can be usedthe realize
thecommonlyusedconceptto extenda classby adding
codewhenenterandleaveoneof its methodin ageneric
way. However, thescopeof suchattemptsis restrictedto
a singleexecutableconnectedto a specificmiddleware
andthereforedoesnot coverflexible opensystems.

For componentsandsystemmodulesof differentori-
gin andconstructedwith ratherdistinctengineeringcul-
turethequestionwhethersuchgenericsolutionssuchas
interceptorsaresuitablemeansto realizeaspectweav-
ing at run-time is rather critical. While it is attrac-
tive w.r.t. systemmaintenanceandcodecompactnessto
transferthebenefitsof programminglanguage-basedad-
vancedseparationof concernsconceptsto this level, we
haveto consideralsothattherisk of unexpectedinterop-
erability problemsandtheir impacton systemreliability
is neverthelessmoreseriousin adistributedsystem.

6. Design and Methods

As a designnotation,the OCoN approachwasorig-
inally intendedto supportany designstyle, but we ob-
serve thatresponsibility-drivendesignof Wirfs-Brocket
al. [32], aswell asrole-basedmodelingapproachessuch
asOOramof Reenskaug[27] fit best.In contrastto data-
driven design,the responsibility-driven designattempt
to avoid bothcentralizedandoverly distributeddesigns,
by insteadattemptto build systemswherebehavior and
dataare well distributed and taskssuitably delegated.
Roleandresponsibility-drivendesignthereforeresultsin
a suitabledesignwherecoordinators take careof their
responsibilitiesby coordinatingother instances,while
detailsaredelegatedto subordinatedcoordinators.This
includesreactive as well as proactive behavior which
can be particularly well describedby using the OCoN
approach.By further emphasizingthe coordinatorrole
stereotypeandavoidingcontroller stereotypes,asuitable
designstylefor distributedsystemsis achieved.Thisde-
sign style is also appropriatefor variability andadapt-
ability, becauseso-calledhotspots[26] canbelocatedin
specificcoordinatedparts.Their changewill only effect
otherpartswhenthe changesareso drasticthat overall
coordinationrequiresadjustment.

A related paradigmis agent-basedmodeling. An
agent is characterizedby its reactive andproactive na-
ture,its autonomywith respectto stateandbehavior and
is situatedin someenvironment.Wooldridgeet al. [33]
notethatagent-baseddesignandtechniquesaresuitable
at a coarse-grainview. TheOCoNapproachpermitsin-
tegrationof agenttechnologyinto thesoftwarearchitec-
ture at just the appropriatedesignlevel. In contrastto
the contractnotion of Meyer [21], agentcontractsem-
phasizethe autonomyof the contractpartnersand as-
sumean agreement-orientedstyle, while programming
languagecontractstend to describea form of delega-
tion in which the servingside is strictly controlledby
the client side. The OCoN contractnotion due to its
inherentnon-determinismfurther permit descriptionof
agreement-orientedandstrict controllingcontracts.

Supportfor behavioral contractsbecomesparticularly
advantageouswhena specificdesignstylewith empha-
sis uponseparation,for example,component-basedde-
sign is used.In doingso, it alsoharmonizesbetterwith
methodswhich supportandemphasizemodularity. The
OCoN contractconceptprovidesa solid groundto es-
tablishsysteminterconnectionsin opensystems,but in
supportingcomponent-basedsystemsbesidesthe con-
tract notion, the componentsand their compositionre-
quirespecifichandlingsoasto ensuresuitabledesign.

7. Conclusion

Softwareengineeringdependsupondifferentaspects
including the available technologyfor describingarti-
factsalongsidethe processitself. Brooks[5] analyzed
the problem of large software projectsand concluded
thatlanguagescannotprovideanimprovementof magni-
tudeuntil they tackletheessenceof development.Harel
later predicted[14] that a suitablevisual languageand
executablemodel combinedwith model analysisand
codesynthesiscanimprovesituationwhensmoothlyin-
tegratedandappliedwhereappropriate,arguing for the
statechartapproachin reactivesystems.Today, software
processimprovementsandothermeta-level activitiesare
often seenasfavorableto technicalsolutionssuchasa
visual designlanguage,but ”managementisn’t every-
thing” [22] andtechnologicalimprovementssuchasad-
vancedseparationof concernsarealsopromising. The
OCoN approachexploit its supportfor non-orthogonal
functionalaspectseparationtosimplify thedesignof dis-
tributedsystemsby providing avisuallanguagewith ab-
stractexecutablemodel. It permitsto reducetheoverall
complexity of adesignwhileonly thecomplexity of each
singlecomponentmight beincreased.

For thecoordinationaspectemphasizedin theOCoN
approach,thedescribedseparationof functionalaspects
is achievedusingmethodsignaturesandcontracts.The
possiblesynthesisof thecoordinationcodedoesfurther
simplifiesimplementationof thisaspect.Coordinationis
thereforelifted to thedesignlevel ratherthanthatof im-
plementationasa resultof the identifiedoverall impact



on building a suitablesoftwarearchitectureanddesign
with respectto interactionandmodularity.

The provided notion of separationbe meansof dis-
tinct contractssupportsto exploit non-orthogonalsep-
aration. The clientsbenefitfrom the lesscomplex con-
tractandareseparatedfrom theoverallclasscomplexity,
while the classor subsysteminternaldesignhasto find
a realizationfulfilling all the provided contractsusing
only theassumedones.Weaving orthogonalaspectsusu-
ally ensuretheexistenceof a realization.In contrastfor
thecaseof functionalaspectsasconsideredin thispaper
contradictingcontractsmay result in unresolvablecon-
flicts. Therefore,the OCoN approachproposeto con-
siderthe explicit compositionat the designlevel to ex-
clude problemswhen implementingthe system. Also
further extensionsfor early detectionof conflicts [13]
andcomponent-basedsystems[8] havebeenpresented.

For orthogonalaspectstheapplicationof explicit con-
text modelinganddynamicservicelookuphasbeenpro-
posedas solution within the OCoN approach. While
suitablefor the casewherewell-definedinterfacesfor
the aspectintegration seemfeasible,and whetherit is
appropriateto supporttheintegrationof aspectsthecom-
ponentdesignerwasnot awareat designandimplemen-
tationtime remainsanopenquestionfor distributedsys-
tems.

References

[1] Action SemanticsConsortium.Responseto OMG RFPad/98-
11-01ActionSemanticsfor theUML, Feb. 2001.Version19a.

[2] R. Allen and D. Garlan. A Formal Basis for Architectural
Connections.ACM Transactionson Software Engineeringand
Methodology, 6(3):213–249,July1997.

[3] G. Booch. Object-OrientedAnalysisandDesignwith Applica-
tions. Addison-Wesley, Menlo Park CA, 1993. (SecondEdi-
tion).

[4] W. Brauer, W. Reisig,andG. Rozenberg, editors. Petri Nets:
Central Models(part I)/Applications(part II) , volume254/255
of Lecture Notesin ComputerScience. SpringerVerlag,Berlin,
1987.

[5] F. P. Brooks,Jr. No Silver Bulet: Essenceand Accidentson
SoftwareEngineering.IEEEComputer, 20(4):10–19,1987.

[6] S.Clarke,W. Harrison,H. Ossher, andP. Tarr. Subject-Oriented
Design:TowardsImprovedAlignmentof Requirements,Design
and Code. In Conferneceon Object-OrientedProgramming,
Systems,Languages, and Applications,November1-5, 1999,
Denver, Colerado,USA, pages325–339,1999.

[7] W. Emmerich. Software Engineeringand Middleware: A
Roadmap. In A. Finkelstein,editor, 22nd International Con-
ferenceonSoftware Engineering:TheFutureof SoftwareEngi-
neering, pages119–129,2000.

[8] H. Giese. Contract-basedComponentSystemDesign. In
J. Ralph H. Sprague,editor, Thirty-Third Annual Hawaii In-
ternationalConferenceon SystemSciences(HICSS-33),Maui,
Hawaii, USA. IEEEPress,Jan.2000.

[9] H. Giese. ObjectCoordinationNets3.0: SynchronizationBe-
havior Typing for Contracts. TechReport2/01-I, University
Münster, ComputerScience,Distributed SystemsGroup,Feb.
2001.

[10] H. Giese, J. Graf, and G. Wirtz. Closing the Gap Be-
tweenObject-OrientedModelingof StructureandBehavior. In
R. FranceandB. Rumpe,editors,UML’99 - TheSecondInter-
national Conferenceon The Unified Modeling Language Fort
Collins,Colorado,USA, volume1723of LectureNotesin Com-
puterScience, pages534–549.SpringerVerlag,Oct.1999.

[11] H. Giese,J.Graf,andG. Wirtz. Contract-basedCoordinationof
DistributedObjectSystems.In H. R. Arabnia,editor, Proc. Int.
Conf. on Parallel and Distributed ProcessingTechniquesand
Applications(PDPTA’99), LasVegas,Nevada, July1999.

[12] H. Giese, J. Graf, and G. Wirtz. SeamlessVisual Object-
OrientedBehavior Modelingfor DistributedSoftwareSystems.
In IEEE SymposiumOn Visual Languages,Tokyo,Japan. IEEE
Press,Sept.1999.

[13] H. GieseandA. Vilbig. TowardsAspect-orientedDesignand
Architecture. In 15th Annual ACM SIGPLANConferenceon
Object-OrientedProgrammingSystems,Languages,andAppli-
cationsOctober15-19, 2000, Minneapolis,Minnesota,USA.
Workshop:AdvancedSeparation of Concerns,Monday, 16 Oc-
tober, 2000.

[14] D. Harel.Biting theSilverBulet: TowardsaBrighterFuturefor
SystemDevelopment.IEEE Computer, 25(1):8–20,1992.

[15] R. Hilliard. Aspects,Concerns,Subjects,Views, ... In First
Workshop on Multi-Dimensional Separation of Concernsin
Object-orientedSystems(at OOPSLA’99), 1999.

[16] I. Jacobson,M. Christerson,P. Jonsson,and G. Övergaard.
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