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Abstract

Cross-cuttingaspectsand role-basedmodelingare
two complementargppoadesto achievesepaation of
concerns. The Object Coorination Nets (OCoN) ap-
proach for distributedsystendesignand architecture is
usedto studybothin a commorervironment.TheOCoN
apprad emphasizehe contract principle in form of
role-basedmodeling The different providedroles of a
subsystenare representedby distinct contracts to en-
able their sepaation during design. The supportfor
secue run-time binding of contracts further permit to
considerthe caseof more dynamicand opensystems.
Wr.t. the OCoNapproach the underlyingconceptsand
the achieved degree of sepaation for role-basedmod-
elingandin the domainof distributedand opensystems
aredescribed Theintegrationof dynamicservicelookup
to supportalso cross-cuttingaspectsandthelimitations
of such a procedue are further addressed.

1. Introduction

Theclassicahotionof sepaation of concerng25] is
oneof thefundamentaprinciplesto breakcompleity in
software engineering. The commonnotion of modules
with interfacesleadsto a dominantdimensionof sepa-
ration [30] andthus,dependingupondesigndecisions,
otherdesignaspectdecomecross-cuttingaspectd18].
Multi-dimensionalsepaation of concerns[30, 15] has
thereforebeenproposedto supportthe separatechan-
dling of differentaspectsven whenone dominantde-
compositionis given.

The main ideais to independentlydevelop suitable
functionalitiesof the systemandto automaticallyweave
themtogetherater on. However, theindividual aspects
— at leastin the original proposals— are requiredto
be orthogonako eachother For this reasonthe propos-
als mainly pertainsto crosseer functionality like, for
instancepersistencer errorhandling.Moreover, wea-
ing is carriedoutonthelevel of programcodein contrast
to designasaddresseih this paper

The ideaof a separatiorof concernon an architec-
tural level is supportedby mostmodernmodelsof the
softwaredevelopmentprocesse.g.the RationalUnified
Process[19]. However, while thesemodelsgenerally

agreeto considersoftware architectureand designasa
multidimensionakombinationof variousspecificviews
on the system a well-definedformal foundationaswell
asa methodologyfor the compositionof independently
developednon-orthogonahspectss currentlymissing.

Traditionalobject-orientediesignmethodsandnota-
tions[3, 28, 16] andthe UML [24] standardare appro-
priateandspecializedo supporprogrammindanguage-
baseddevelopment.A seamlesgransitionfrom the de-
signto theimplementatiorcannotbe achievedfor even
simple concurrentor distributed applications,because
the compositionof behaioral aspectds assumedo be
orthogonal. For distributed systemshowever the phe-
nomenaof concurreng andasynchronousommunica-
tion andtheir semanticaimpactcannotbeignored.

A suitableseparatiorbetweerthe objectsof a design
is often missing,which leadsto unexpecteddependen-
ciesandresultsin severalproblemsduringimplementa-
tion. A lack of separatiobecomesvenabiggerdraw-
backwhenthe systemevolvesandthe sizeof the system
grows or whensubsystemaredistributedusingmiddle-
ware approachesuchas CORBA or DCOM. For such
systems,a higher emphasisupon a sufiicient software
architectureincluding a strongerneedfor separatioris
thereforeessential.

Specificationof componenbehaior basedon com-
mitmentsandassumptionss often referredto asdesign
by contract[21] andleadsto a betterseparatiorbetween
componentsof the system. Additionally, role-based
modelingaspresentedh [27] supportseveral,dedicated
views on a systemor componentvhich mayleadto suit-
ablecontracts.Consequentlyrecentwork [17] suggests
to realizerole-basednodelswith AOP This fundamen-
tal relationis also exploited in the OCoN approachon
thelevel of systemdesign.

2. The OCoN Approach

The OCoN approacthreflectsthis additionalrequire-
mentby putting a strongemphasisiponthe basicsoft-
ware engineeringideasof modularizationand separa-
tion andfurther by applyingthe designby contractidea
of Meyer [21]. The separatiorof independentlysened
contractsasin the caseof role-basedmodeling[27] in
conjunctionwith multiple interfaces[32] for different
concerngfurther improve separation.The combination



of the usually simple syntacticalinterface notion with
a behaioral protocol builds a synchronizatiorcontract
which permitsreductionof harmfulimplementatiorde-
pendencie$o a greatextent. Thesebehavioral contracts
form a suitablemechanisnto describearchitecturalas-
pectsusingthe connectorideaof Allen andGarlan[2].
Hence we extendthe objectsubtypingnotionby means
of thebehavior protocol. TheOCoNformalismcarefully
distinguishesharedrom exclusive contractandmakes
an improved subtypingnotion for thesecasedeasible.
The providedvisual notationpermitsthe constructiorof
subtypecontractdy aform of graphicalcomposition.

The basicmechanismaisedin the OCoN approach
are thoseof the currently widely usedobject-oriented
analysisand design[3, 28, 16]. In orderto introduce
asfew new notationsas possible the differentkinds of
diagramsprovided by the UML [24] areusedwherever
suitable. Whendealingwith static structurethis works
fine. As discussedn [10], however, the UML nota-
tions for behaiior modelingare not particularly mature
with respecto distributedsystems The OCoNapproach
overcomessuch dravbacksof the UML by meansof
providing appropriatevisual formalismsbasedon Petri
nets[4] for behaioral descriptionsvhichthenareseam-
lesslyintegratedwith the conceptf object-orientation,
concurreng aspectsand resourcecoordinationin dis-
tributed systemg12]. Moreover, the very basisof the
approactplacesfocusupona contract-basedystemde-
sign[11, 8].
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Figure 1. The structural concept for aclass
or subsystem

The OCoN formalism provides three specific net
formsto describecontractprotocolsandtheinstancebe-
havior. Figure 1 presentghe relation betweenthe dif-
ferentnets. Protocolnets(PN) are usedto describethe
guaranteear assumedehaior of contracts.So called
servicenets (SN) describebehavior for a specifictask
right like a methodwith its own threadof controlin a
programminglanguage. An instancewide unigue re-
sourceallocationnet(RAN) is usedto describeheover-

all instanceactvities like requestacceptancaswell as
the allocationof neededresourcedor the requestpro-

cessingncludingthe creationof relatedservicenetsfor

a request.For sale of concisenessve further omit any

detailsof the behaior descriptionwith netsanddenote
themonly usingtheir abbreviationsto focusontheover-

all conceptdor separation.

3. Distributed System Engineering

The specificproblemof softwareengineerindgor dis-
tributedsystemsandits treatmenhasbeenthemaingoal
of the OCoN approach. Waldo et al. [31] have iden-
tified that concurreng, resourcemanagementthe phe-
nomenorof partial failuresandperformancerethe es-
sentialaspectahich a distributed systemdesignis re-
quiredto cover. When an open systemis further in-
tended,the resultingproblemshave alsoto be suitably
managed.

Themainconcepto addresshehighlightedproblems
within the OCoN approachare executabledesignmod-
els. It is to be notedthat evenfor the core UML, are-
stricted attemptexists to defineand standardizeaction
semantic41]. The attemptto definean operationake-
manticsfor the constructve UML behaior description
mechanismstatediagram(statechartandactivity dia-
gram arethe correctstep,while the considerecheha-
ioral specificationtechniquegdo not supportary useful
notionfor contractsor behaior abstractiorandthusthe
resulting extendedspecificationsusing the action lan-
guageresultin mereimplementation. The OCoN be-
havior descriptionin contrassupportghesimulationfor
even incompletelyspecifiedsystemsdueto its explicit
designfor behaioral abstraction.

While concurreng andresourcananagemerareas-
pectssened by the underlyingPetri net formalism, the
carefullyensuredxecutableabstractiesignmodelis re-
quiredto considemerformancet this early stageof the
processFor the phenomenaf partialfaultsin contrast,
we have to referto theintendedunderlyingmiddlevare
or restrictits choiceaccordingly

The beneficialmechanismsdentified during the de-
signprocesglo to someextentdetermineboth architec-
tureandsuitablemiddlewaresolutions.If in thismanner
thedimension®f suitablesoftwarearchitecturesireini-
tially explored,the choiceof a middlevareproducthas
atleastto ensurethatthe appliedor assumedgbrinciples,
for example reliablemessagingdistributedtransactions
or associatie accessre also provided by that middle-
ware. This choicehasto take into accountthe restric-
tionsof specificmiddlevareproductswhile the middle-
warestandardsim to supportacompletdist of features
andthusdo notresultin arny restriction.

When,in contrasta specificmiddlevareproducthas
beenselectedeforehandiesign therestrictionsof such
have to beconsiderealuringdesign.Designfor middle-
ware [7] which exploressuitablearchitecturalalterna-
tivesfor fixed middlevarewould thereforebe more ap-



propriate.The OCoNapproactdoesnotsupportheem-
beddingof middleware or language-specificonstructs
into the designitself so asto ensurethatthe designre-
mainsa conceptualmodel and not a direct implemen-
tation. Restrictionsenforcedby a specificmiddlevare
solution are usually rathergeneral. The fact that reli-
ablemessagin@r distributedtransactiongsresupported
doesnot directly affect the availability of behavioral el-
ements but ratherinfluencesthe failure semanticof a
design. Therestrictioncannotthereforebe expressedn
direct OCoN languagetermsand insteadresultsin ad-
justederrorsemantics.

4. Roles and Separation

Thesupportedole-basednodelingallow the separa-
tion of functionalaspectdy meanf contracts.Thedif-
ferentrolesaspecificsubsystencanplaywithin adesign
canbe describedyy distinct contractsandaretherefore
separatedrom eachother During further designactivi-
tiesthesedistinctcontractscanbe employedasrequired
while keepingthemseparatedvherepossible. Thusthe
overalldesigncomplexity is reducedn contrasto ahan-
dling which considerghe whole classinsteadof it role
specificcontractduring systemconstruction.

The majority of approachedor multi-dimensional
separationof concernsfunction at the implementation
level andcurrentapproachesor the designlevel, asfor
example, subject-orienteddesign[6], are restrictedto
simple stratgies suchas memge or select. Commonly
only non-functionalaspectsare addresse@nd relevant
notionsof synchronizatiorand protocolsfor distributed
systemsare not considered. A single OCoN compo-
nent can provide multiple independenbperatingcon-
tracts which further permit the separationof different
functional aspects. Due to synchronization,resource
sharingand semanticadependenciebetweendifferent
senedcontractsn suchanimplementatiortype,there-
latedconflictsanddependencielsave to beaddressedn
the OCoN approachthis is achievedin anexplicit fash-
ion by takingthe needednternalcoordinatioranduseof
importedcontractdnto account.

It is to be noted, that in contrastto the common
techniquedor aspectweasing which assumehe auto-
matic weaving of orthogonalaspectghe presentedhp-
proachconsidersnon-orthogonabspectsand therefore
the weaving becomesan importantdesignactiity that
cannotbe totally automatedvhen conflicts have to be
resohedin a semanticaktorrectmanner The resulting
demandor manualaspectveaving for eachcomponent
involvedin multiple architecturahspectseemsumber
someon thefirst sight, but the weaving canbe donelo-
cally for eachcomponentaindtheapproactseparateas-
pectsglobally for the overall design.Thereforethe pro-
posedapproactpermitsto reducethe overall complexity
of adesignwhile only the designof eachsinglecompo-
nentmightbecomemorecomplex.
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Figure 2. Role composition via an exe-

cutab le model

The resultingscenariois visualizedin Figure2. A
simplified version of a production planning and con-
trol systemof [13] is considered.Productsare passing
throughmultiple successie stageswhich are equipped
with machines. Modern productionequipmentoffers
a variety of interfacesfor accessinglifferentfunction-
alities like, for instance,configurationof the machine,
monitoringof relevantparameterandcontrol of theac-
tualworking processin thedesignwe considertthe con-
trol andprocessingaspectof the applicationdomainin
isolationusingdistinctrolesfor a machine. The OCoN
approachfurther explicitly addresshe combinationof
thesepartial specificationdnto an overall machinebe-
havior by meansof anexecutabledesignmodeldescrib-
ing therequiredcoordination.

Evenwhen during the beginning of a designthe in-
ternal neededusageof resourceshouldbe omitted, the
compositionof a setof contractdor aknown setof con-
straintscan be studied. This permitsthe separatiorof
architecturaliewsw.r.t. thegivenconstraintslf nocon-
straintsexist, the resultingexternalbehaior for a com-
ponentrealizingtwo contractprotocolsis simply thepar
allel product, but when the protocol statesare related
to eachotherby constraintspnly a subsef this prod-
uct protocolis still correct.By abstractingrom explicit
statesandoperationsisingclassificationsve canfurther
specifythe constraintson a conceptualevel. Changing
oneaspectndits contractdoesthennot effect otheras-
pects. In joint work with Vilbig [13] a corresponding
generabpproactor the separatiorof functionalaspects
at the level of a software architecturehasbeendevel-
oped.

The structuralsituationof the describedapproachis
depictedin Figure3. A setof ratherabstractonstraints
togethemwith theprovidedcontractds analyzedo detect
conflictswhichwill holdfor every possibleémplementa-
tion. The constructedmost generalrealizationcan be
furtherusedasstartingpointfor theimplementation.
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a set of constraints

If in contrastelevantdependenciesetweerprovided
andusedcontractsxistsalsothe necessarynformation
for correctcomponentompositionis required. The no-
tion of typedcomponensystemgTYCS) [8] doesfur-
theraddresghis issue.In contrasto the explicit beha-
ior specificationof object-orientedsystemsasachieved
with theOCoNapproachthecomponentsypespresere
agreatdegreeof freedomconcerningcomponentmple-
mentatiorby abstracfrom suchdetailsbut remainsuffi-
cientto excludeall generalbehaioral anomalies.The
TYCS approachgoesone step further and provides a
componenhotionwith black-boxabstractiorwhich still
ensureghe necessarknowledgeto control their appli-
cationandcomposition.

bring into the game.Temporarycooperatiorof indepen-
dentdevelopedcomponentshat do not shareary orga-
nizationalbackgroundwill thereforebecomemandatory
in thefuture. Classicalclass-basedesignedsystemsas
well asprogrammindanguage-baseabproachefor ad-
vancedseparatiorby meanof weaverswill howeverfail
undersuchconditions.During systemdesignandimple-
mentationno fixedboundaryor commoncodebasiscan
be assumedindthereforedevelopedtechniquesave to
beadjusted.

A first fundamentathangewill bethata systemhas
to operatén multiple possiblecontextsinsteadbof afixed
staticone. Therefore,weaving hasto be adjustedac-
cordingly. For predefinedinterception-pointghereal-
ready exists the techniqueof run-time servicelookup
[29] which canbe usedto do theweaving "on thefly”.

The OCoN approactsupportsefficient run-timecon-
tractmatchingwhichincludesprotocolconformancg9].
In combinationwith explicit context dependenciesn
form of requiredcontet capabilitiesthat are neededo
obtainpoliciesor servicesfor well understoodrthogo-
nal aspectdik e tracing, securityor failure handlingthe
availabletechnologycanprovide advancedseparatiorof
concerns. However, pre-definedinterfacesfor service
lookupareneededo enabletheirintegration.
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Figure 4. Role composition for black-box

components

For our machineexamplea possibledesignis visual-
izedin Figure4. While the processingnay dependon
the usedcontractsthe control contracthasto be sened
independentdf pendingrequests.

5. Aspects and Weaving

Opensystemsand run-time binding of servicesare
fundamentalrequirementsbigger distributed systems

Figure 5. Weaving by service lookup for a
known contract type

In Figure5 theresultingsituationis visualizedwhen
the machineprocessinglependsn a given context de-
pendentset of policies. For known variationssuchas
material dependenfprocessingparameterghe explicit
architecturakolutionat designtime is possible.

The needfor suchcontext capabilitiescanbe further
reducedvhendefaultpoliciesandsolutionsoperatingo-
cally for asinglecomponenaregiven,however, it is of-
tenusefulto make the context dependenciesxplicit and
demandthem as prerequisitefor runninga component.
We proposethereforeto model the componentcontext
rather explicitly and determinethe interception-points



for theaspectscomponenshouldsupportatdesignand
implementatiortime.

Another commonapproachto addressthis issueis
configurtion at time of deploymentasrealizedby the
EJB[20] component@pproach.Here,for example,the
persistencaspectcanbe determinedvheninstalling a
component. Note, however, that againthe pre-defined
componentife-cycle of a EJB componenensureghat
awell-definedinterfaceexists. Insteadof specificmod-
ulesrealizinga particularaspectthe applicationsener
permitonly to chosefrom a predefinedist of options.

The presentedsolutionsare however not ableto add
arbitraryaspect.Instead,only suchaspectghe compo-
nentdesignandimplementatioris awareof canbe sup-
ported. In contrastmiddlevare interceptorg23], e.g.,
for threadmanagemenissues,can be usedthe realize
the commonlyusedconceptto extenda classby adding
codewhenenterandleave oneof its methodin ageneric
way. However, the scopeof suchattemptss restrictedo
a single executableconnectedo a specificmiddlevare
andthereforedoesnot coverflexible opensystems.

For componentaindsystemmodulesof differentori-
gin andconstructedvith ratherdistinctengineeringcul-
turethe questiorwhethersuchgenericsolutionssuchas
interceptorsare suitablemeansto realize aspectwear-
ing at run-time is rather critical. While it is attrac-
tive w.r.t. systemmaintenancendcodecompactnesto
transferthebenefitoof programmindanguage-baseatl-
vancedseparatiorof concerngonceptdo this level, we
haveto consideralsothattherisk of unexpectednterop-
erability problemsandtheirimpacton systemreliability
is neverthelessnoreseriousn adistributedsystem.

6. Design and M ethods

As a designnotation,the OCoN approachwas orig-
inally intendedto supportary designstyle, but we ob-
sene thatresponsibility-drvendesignof Wirfs-Brock et
al. [32], aswell asrole-basednodelingapproachesuch
asOOramof Reenskaup7] fit best.In contrasto data-
driven design, the responsibility-drven designattempt
to avoid bothcentalizedandoverly distributeddesigns,
by insteadattemptto build systemsvherebehaior and
dataare well distributed and taskssuitably delegated.
Roleandresponsibility-drvendesignthereforeresultsin
a suitabledesignwhere coordinators take careof their
responsibilitiesby coordinatingother instanceswhile
detailsaredelegatedto subordinatedtoordinators.This
includesreactive as well as proactve behaior which
can be particularly well describedby using the OCoN
approach.By further emphasizinghe coordinatorrole
stereotyp@andavoiding contmoller stereotypesa suitable
designstylefor distributedsystemss achiesed. Thisde-
sign style is also appropriatefor variability and adapt-
ability, becauseso-callechot spotg[26] canbelocatedin
specificcoordinatedparts. Their changewill only effect
otherpartswhenthe changesare so drasticthat overall
coordinatiorrequiresadjustment.

A related paradigmis agent-basednodeling. An
agentis characterizedy its reactize and proactie na-
ture, its autonomywith respecto stateandbehaior and
is situatedin someervironment. Wooldridgeet al. [33]
notethatagent-basedesignandtechniquesresuitable
ata coarse-grairview. The OCoN approactpermitsin-
tegrationof agenttechnologyinto the softwarearchitec-
ture at just the appropriatedesignlevel. In contrastto
the contractnotion of Meyer [21], agentcontractsem-
phasizethe autonomyof the contractpartnersand as-
sumean agreement-orientestyle, while programming
languagecontractstend to describea form of delega-
tion in which the servingside is strictly controlled by
the client side. The OCoN contractnotion dueto its
inherentnon-determinisnfurther permit descriptionof
agreement-orienteandstrict controlling contracts.

Supportor behaioral contractdecomeparticularly
adwantageousvhena specificdesignstyle with empha-
sis uponseparationfor example,component-basede-
signis used.In doingso, it alsoharmonizedetterwith
methodswhich supportandemphasizenodularity The
OCoN contractconceptprovides a solid groundto es-
tablish systeminterconnectiongn opensystemsput in
supportingcomponent-basedystemsbesidesthe con-
tract notion, the componentsand their compositionre-
quire specifichandlingsoasto ensuresuitabledesign.

7. Conclusion

Softwareengineeringdependsipondifferentaspects
including the available technologyfor describingarti-
factsalongsidethe processtself. Brooks[5] analyzed
the problem of large software projectsand concluded
thatlanguagesannotprovide animprovemenbof magni-
tudeuntil they tacklethe essencef development.Harel
later predicted[14] that a suitablevisual languageand
executablemodel combinedwith model analysisand
codesynthesicanimprove situationwhensmoothlyin-
tegratedand appliedwhereappropriate arguing for the
statechardpproachn reactive systemsToday softwae
processmprovement@&ndothermeta-level actvities are
often seenasfavorableto technicalsolutionssuchasa
visual designlanguage,but "managemenisn’t every-
thing” [22] andtechnologicaimprovementsuchasad-
vancedseparatiorof concernsare also promising. The
OCoN approachexploit its supportfor non-orthogonal
functionalaspecseparationo simplify thedesignof dis-
tributedsystemsy providing avisuallanguagewith ab-
stractexecutablemodel. It permitsto reducethe overall
compleity of adesignwhile only thecomplexity of each
singlecomponentnight beincreased.

For the coordinationaspecemphasizeéh the OCoN
approachthe describedseparatiorof functionalaspects
is achieved usingmethodsignaturesandcontracts.The
possiblesynthesiof the coordinationcodedoesfurther
simplifiesimplementatiorof thisaspectCoordinationis
thereforedlifted to thedesignlevel ratherthanthatof im-
plementatiorasa resultof the identified overall impact



on building a suitablesoftware architectureand design
with respecto interactionandmodularity

The provided notion of separatiorbe meansof dis-
tinct contractssupportsto exploit non-orthogonakep-
aration. The clientsbenefitfrom the lesscomple< con-
tractandareseparatedrom the overall classcompleity,
while the classor subsystennternaldesignhasto find
a realizationfulfilling all the provided contractsusing
only theassume@nes.Weaving orthogonahspectsisu-
ally ensurethe existenceof arealization.In contrastfor
thecaseof functionalaspect@sconsideredn this paper
contradictingcontractsmay resultin unresohable con-
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-basesiystemg8] have beenpresented.

For orthogonahspectsheapplicationof explicit con-
text modelinganddynamicservicelookuphasbeenpro-
posedas solution within the OCoN approach. While
suitablefor the casewhere well-definedinterfacesfor
the aspectintegration seemfeasible,and whetherit is
appropriatdo supporttheintegrationof aspectshecom-
ponentdesignemwasnot awareat designandimplemen-
tationtime remainsanopenquestionfor distributedsys-
tems.
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