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Abstract

Todaycomponent-basetdistributedsystemsandinte-
gration of befoehandisolatedinformationsystensolu-
tionsis onefocusof IT industryactivities. Sud projects
are oftencharacterizedby an overwhelmingcompleity
dueto hetepgeneityw.r.t. technical and conceptualas-
pects. Therfore, we sugestto employadvancedsep-
aration of concerntedniquesto reducethe comple-
ity. Role-basednodelingcombinedwith cross-cutting
aspectsastwo complementargpproachesfor advanced
sepaation of concernsare consideed. A conceptfor
component-basedistributed systemdesignand archi-
tectue is discussedvhich supportsbothin a common
framavork. Theappradc emphasiz¢he contract prin-
ciple in form of role-basedmodeling The supportfor
secue runtimebindingof contractsandexplicit contexts
further permitto considerthe caseof cross-cuttingas-
pectsevenfor dynamichindingand opensystems.

1. Introduction

Today software begins to interlink the differentiso-
lated information systemstructures. Interoperability
flexible data exchangeand sharingas well as support
for group work becomeessentialrequirements. Thus,
distribution and concuriencyareaspectsfurthergener
ationsof softwarehave to manage Componentechnol-
ogy [15, 1] offer a promisingtechnologyto tacklesuch
distributed systems. It goesone step further in com-
parisonto object-orientationas a languagefeature by
decomposingan applicationor systeminto runtime el-
ements,that can be build, analyzed,testedand main-
tainedindependently The integration of available off-
the-shelfcomponenténto applicationsandtheir combi-
nation shouldhelp to further improve productvity and
decreas¢hetime to marketin the softwareindustry

The fundamentalprinciplesto break compleity in
software engineeringsuch as sepaation of concerns

[12] areemployedin component-basesystenright like
in programminganguageervironments. Thereforethe
commonnotionof moduleswith interfacedeadsalsoto
onedominantdimensiorof sepaation[16] andthus,de-
pendingupondesigndecisionsptherdesignaspectde-
comecross-cuttingaspectg7]. Multi-dimensionakepa-
ration of concerng16, 5] hasthereforebeenproposedo
supportthe separatedhandlingof differentaspectsven
whenonedominantdecompositioris given. In the con-
text of distributedsystemshowever we have to reevalu-
atethetechniqueproposedor programmindanguages.

2. The Approach

We usethe UML [11] componentliagramsasvisual-
izedin Figurel1 while insteadof the fuzzy UML defini-
tion we definea componento bea unit for independent
deploymentandthird party compositionwith contractu-
ally guaranteedndrequiredbehaior. It is furtheruseful
to clearly distinguishbetweerrealizedcontracts called
providedandneededtontractscalledused w.r.t. acom-

ponent.
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Figure 1. Notion of a component

The typedcomponensystemgTYCS) [2] approach
providesa basisfor component-baseslstemswvhichin-
corporatesconcurreng and distribution aspects. The
following partsof a contractdescriptionarefurther dis-
tinguished:a protocol describinghe providedcoordina-
tion sequencesvhererequiredand a functional specifi-
cationgivenby pre-andpost-conditiorformulas.In or-
derto apply the conceptof connectorsaandthe contract
principle, anUML <<contract>> stereotypeontaining
an interface describinga setof interactionstepsand a



protocoldescriptiorspecifyingthesupportednteraction
ordersis used.For amoredetaileddescriptionseg[4].

A componentan play multiple roles (seeOORAM
[13]) atthesametime. Therefor multipleinterfaceq17]
canbe employed to improve sepaation by partitioning
the featuresetsinto independentontractsto achieve a
moreflexible designandreducethe sizeof eachcontract
protocol. Recentwork [6] suggestso realizerole-based
modelswith AOPR This fundamentatelationis alsoex-
ploitedin theapproacton thelevel of systemdesign.

For the functionalspecificationand safetyproperties
the modularconstructionof contract-basedomponents
is straightforward. The progresgor multiple contracts,
however, cannotalways be guaranteedby the realiz-
ing componenindependentlypf thecomponenerviron-
mentandthe interplaywith othercomponentsA local
contractview is thereforeonly valid in a strictly hier-
archicalarchitectureand when componentsene their
contractsin a fair manner If moregeneralforms of ar
chitecturesareconsideredherelationbetweerprovided
andusedcontractsof componentgannotbeignored.In
contrastto safetypropertiesit is problematicto ensure
lifenesspropertiessuch as progressfor arbitrary con-
nectedcomponentsWe thereforegeneralizehe ideaof
[8] to supportseparatiorior progressgpropertiesevenfor
non-layeredstructuresemplaying explicit contractde-
pendenciedor a given set of provided and usedcon-
tracts. Therefore,besidesthe explicit synchronization
descriptionswith protocolsfor eachcontract, also an
implicit descriptionusinga syndronizationdependency
relationdepend(—) is supportedo addresghe overall
componensynchronizatiorbehaior. The synchroniza-
tion is not explicitly describedandinsteadary arbitrary
but valid usageof useddependingcontractsandno syn-
chronizationwith usedindependenfnotconnectedfon-
tractsis assumed.

A behavior coveris build by all possiblemplementa-
tionsfor thatsene all provided contractsin afair man-
nerandservinga contractis at mostblocked aslong as
its usedcontracts the provided contractsit dependson
(=), arenotsened. Eachcorrectimplementatiorhasto
respecthis behaioral cover. Eachorthogonaline to all
dependarcsbuilds a suitableabstractiorbarrier How-
everthe providedabstractioris notvalid in general.The
transitve extensionof all local dependannotationshas
to be agyclic to make the assumedbstractiora correct
one.Asdemonstrateth Figure2, thedependelationre-
strictsthevalid embeddingf acomponentThisway, an
explicit andcompletesynchronizatiorspecificationcan
beavoided.

Component-basedystemsrequire that all specific
contractuatelationsof acomponentreexplicitly spec-
ified. Besidegheusuallyobvious caseof usedcontracts
alsoassumedstandardibrariesare part of the contrac-
tually relationsof a component. However, the explicit
treatmenbof themis rathercircumstantialandtherefore
animplicit contet is usuallyassumedE.g.,in the case
of EJB[9] componentghe guaranteectontext is fully
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Figure 2. Embedding and depend relation

specified We thereforeextendthe TYCS approachwith
explicit modelingof context capabilities.To handleeven
cross-cuttingaspectshowever a more genericinterfer
encewith the context is required. Sucha genericcon-
tract for cross-cuttingaspectintegration hasto address
what interception-pointsare supportedby the compo-
nent. Thecomponentontext canfurtherusethisgeneric
interfaceto weave ervironment specific variationsfor
cross-cuttingaspectswith a given component. While
for a virtual machinebasedanguagdike Java theinte-
grationof suchgenericinterceptionpointsseemdeasi-
ble, the supportfor componentasexecutablegprograms
is nearlyimpossible.Note, thatthe supportedntercep-
tion pointhave to befurtherrestrictedto rathertechnical
casesuchasmethodcallsfor classes.

3. Example

We usethe exampleof a flat directoryservicewhich
provides callbacksto an obsener of [15, p. 52] to ex-
plain our solutionfor callbacksandintermediatestates
for component-basesystems.In [15], aninitial Direc-
toryDisplay client usingthe Dir contractto implement
an obsener which updatests displayfor the directory
contenteachtime anentryis addedor deleteds consid-
ered.There,alsoasecondsersionDirectoryDisplay2 is
presentedwhich additionally checksfor eachnotifica-
tion thatthe entriesdo not have the name”Untitled” and
directly eraseshemotherwise.

For analsopresentedir implementatiorthatworks
well with the DirectoryDisplay client it is shavn that
the straightforward implementatiorusing a notify call-
backto erasewrong namedentriesof the secondver
sion DirectoryDisplay?2 resultsin a stackoverflow due
to anunexpectednfinite recursion.Our notionfor com-
ponentsensuredhatthe obsenedinfinite recursioncan
not occur even when no detailedknowledgeaboutthe
concretamplementatiorexists. TheTYCS approachn-
steadsuggestdo specifyan abstracdependrelation. If
nodependelationbetweera providedandusedcontract
of a singlecomponengxists, synchronizingcallsto that
contractare forbidden. We considerthe original exam-
ple to demonstratdnow to apply this conceptusingthe
contractNotifyingDir.

In Figure 3 two casescoveringthe original example
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Figure 3. Usage of a Dir contract

using the NotifyingDir contractare presented. In the
original examplethefirstimplementatiorDirectoryDis-
play doesnotaccessheDir contractduringtheprocess-
ing of a notify request. Thus, no dependeng between
the provided Notify contractand the usedDir contract
is given and the uppercaseof Figure 3 is correct. In
contrasidoesthe DirectoryDisplay?2 clientimplementa-
tion accesshe Dir contractin the caseof anaddedhame
"Untitled”. The provided Notify contractthusdepends
on the usedDir contractandthe lower caseof Figure3
which indicatesa possibleerror is the only one which
coversthis implementation. The cycle in the resulting
combineddependand usagerelationindicatesthis pos-
sible error. Thusthe TYCS notion for componentsx-
cludesthat a compositiondoesnot reveal the possible
error.

The DirectoryDisplay2 implementationis intended
to ensureaspecificrule for thesetof storedfile namesof
thedirectory: nofile is named’'Untitled”. Thisbehavior
is modeledmore appropriateby extendingthe concept
of a directory and allowing to appendspecialrulesto
a directoryservice,e.g., specialnamingcorventionsor
forbiddencharactersthatwill bechecledfor everyadd
request.This conceptdoesincludethescenariavith no-
tification anddirect remove of the original examplebut
providesa concretearchitectureaswell asa more sys-
tematicway to extenda directoryservicein arestricted
manner This way a very flexible extensionmechanism
can be supportedat run-time using a set of so-called
guards. For eachdirectory a setof guardswhich can
registerandunregisterensurehatevery newly addedile
doesconformto theirimplementedules.
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Figure 4. GuardedDir contract

A scenaridfor the resultingstructureis presentedn
Figure4. A clientwith callbacknotificationaswell as
aclientrealizinga guardis shovn. Notethatthe guard
contractdoesnot dependn ary otherusedcontractand
thusproblemsrelatedwith callbacksareexcluded.Even
for the caseof a partialview with accessestrictionsen-
suringthatevery usingclient hascontrolw.r.t. its added
files andtheir namebindingthe sameextensionis feasi-
ble.

4. Roles and Separation

Responsibility-diwen design of Wirfs-Brock et
al. [17], and role-basedmodeling approachesuchas
OOram of Reenskaugl 3] areappropriatedesignmeth-
odsfor thepresente@pproachlin contrasto data-drven
design theresponsibility-drvendesignattemptto avoid
both centralized and overly distributed designs,by in-
steadattemptto build systemswvherebehaior anddata
arewell distributedandtaskssuitablydelegated.

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

Thesupportedole-basednodelingallow the separa-
tion of functionalaspect®y meanf contractsThedif-
ferentrolesaspecificsubsystencanplaywithin adesign
canbe describedoy distinct contractsandaretherefore
separatedrom eachother During further designactivi-
tiesthesedistinctcontractscanbe employedasrequired
while keepingthemseparatedvherepossible. Thusthe
overalldesigncompleity is reducedn contrasto ahan-
dling which considerghe whole classinsteadof it role
specificcontractduring systemconstruction.

For the directory examplewe considerthat besides
thecommonusagevia the NotifyingDir contractalsoad-
ministrationactiities arerequired. A role-basednod-
eling solutionwould insteadof extendingthe givencon-
tractevaluatewhetheran additionalrole is suitable. In-
stalling a guardfor a givendirectoryis for examplean
actiity usually restrictedto trustedclients. An addi-
tional administratiorroleis thereforea usefulextension.
In Figure5 suchanadditionalrole AdminDir is realized
using a secondcontract. Both offered contractsof the
componenthereforesene the identified differentroles
andthusseparateheir clients.

5. Cross-Cutting Aspects

Open systemsand runtime binding of servicesare
fundamentalrequirementsbigger distributed systems
bring into the game. Temporarycooperationof inde-
pendentevelopedcomponentshatdo not shareary or-
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Figure 5. Dir contract and context with
name conventions

ganizationabackgroundarethereforemandatory Clas-
sical class-basedesignedsystemsaswell asprogram-
ming language-basedpproachedor advancedsepara-
tion by meansof weaverswill however fail undersuch
conditions. During systemdesignandimplementation
nofixedboundaryor commoncodebasiscanbeassumed
andthereforedevelopedtechniquehave to be adjusted.

A first fundamentathangewill bethata systemhas
to operatan multiple possiblecontextsinsteacbf afixed
static one. Therefor weaving hasto be adjustedac-
cordingly. For predefinedinterception-pointshereal-
readyexiststhetechniqueof runtimeservicelookup[14]
which canbeusedto do theweaving "on thefly”.

The TYCS approactsupportsefficient runtime con-
tractmatchingwhichincludesprotocolconformancg3].
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 6. Dir contract and context with
name conventions
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This option can be exemplified within the directory
exampleassuminga given setof namecornventionsin-
steadof explicit connectedyuards. In Figure 6 instead
of the explicit Guard contractsthe possibleempty set

of NameConvention contractsoffered by the context
areusedto excludethatw.r.t. local corventionsincorrect
names,e.g., the name”Untitled” or invalid characters
containingnamesgcanbeused.

The needfor context capabilitiescan be further re-
ducedusingdynamicoverwriting. Whenrequiredpoli-
ciesarenot provided by the context a default solutions
operatingocally for the singlecomponents used,how-
ever, it is often usefulto make the context dependen-
cies explicit and demandthem as definitive prerequi-
site for runningthe component.The proposeconcepto
modelthecomponentontext ratherexplicitly anddeter
minetheinterception-point$or theaspectacomponent
shouldsupportat designandimplementatiortime.

The presentedsolutionsare however not ableto add
arbitrary aspect. Instead,only such aspectshe com-
ponentdesignand implementationis aware of canbe
supported. Another commonapproachto addressthe
issueof dynamicadaptionand cross-cuttingaspectdss
configurtion at time of deploymentasrealizedby the
EJB [9] componentapproach. Here, for example, the
persistenceaspectcan be determinedwvheninstalling a
component. Note, however, that againthe pre-defined
componentife-cycle of a EJB componengensureghat
awell-definedinterfaceexists. Insteadof specificmod-
ulesrealizinga particularaspectthe applicationsener
permitonly to chosefrom a predefinedist of options.

In contrastmiddleware interceptors[10], e.g., for
threadmanagemenissues,can be usedthe realizethe
commonlyusedconcepto extenda classby addingcode
whenenterandleave oneof its methodin agenericway.
However, thescopeof suchattemptss restrictedto a sin-
gle executableconnectedo a specificmiddlevare and
thereforedoesnot cover flexible opensystems.

While the explicit context contractscan be usedto
achieve a flexible late-bindingor configurationof com-
ponents,the genericsupportfor interception-pointsas
generalizatiorof the discussedniddlewareinterceptors
is proposeddy theapproach.

Whenfor examplea componensupportto intercept
a numberof specificeventsfor tracingthe in Figure7
depictedscenariamight occur Notethatonly in caseof
an explicit supportfor a giveninterceptionstrateyy the
by the contet requiredsupportfor the Trace contract
canbefulfilled.

If a secondcomponentwant to obsere the trace
eventsin a strict synchronousnannerthe before dis-
cussedsynchronizatioreffects may alsooccur There-
fore, whensuchinterferencas permittedthe context has
to publish dependenciesight like a usualcomponent.
Thus, lifenesspropertiescanalsobe guaranteedor sys-
temwhich supportinterceptiorpointsor explicit context
contracts.

For componentaindsystemmodulesof differentori-
gin andconstructedvith ratherdistinctengineeringcul-
turethegenericsolutionssuchasinterceptorassuitable
meansto realize aspectweaving at runtime also result
in somerisks. While it is attractve w.r.t. systemmain-
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Figure 7. Dir contract and context with
inter ception-point

tenanceand code compactnesso transferthe benefits
of programminganguage-baseadvancedseparatiorof

concerngonceptso this level, we have to consideralso
thattherisk of unexpectednteroperabilityproblemsand
theirimpacton systenreliability hasoftenmoreserious
consequences distributedsystem.

6. Conclusion

Advanced separationof concernscan be one ap-
proachto achieve the requiredtechnologicalimprove-
mentsto rule distributedcomponent-baseslystems For
the coordinationaspectemphasizedn the TYCS ap-
proachthedescribedeparatiomnf functionalaspectsia
rolesis achiezedusingmethodsignaturesindcontracts.

For orthogonahspectsheapplicationof explicit con-
text modeling and interception-pointshave been pro-
posedas solutionto extendthe TYCS approach. For
the caseof well-definedinterfaceshe aspecintegration
can be realizedstraightforward. Whetherit is appro-
priateto supportthe integrationof aspectwia a generic
notionof interception-pointhecomponentesignemwas
notawareof howeverremainsanopenquestion.
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