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ABSTRACT

In this paper | shav how the subsystentonceptof UML
may be adaptedfor architecturalmodeling. Previous ap-
proachesusedstereotype®f UML's class-concepinstead.
For greaterconceptuatlarity, | pursueanexplicit metamod-
eling approach However, the modificationsl proposecould
bereformulatedisingonly UML'’s standardxtensionmech-
anisms]f thatweredesired.Thepresentapproachs inspired
by ROOM andthe IEEE’s P1471standard |t is a follow-up
work of my recentPhD-thesis.
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1 INTRODUCTION

Background

This position papersummarizesour experiencesn trying
to integrate architecturalmodeling conceptslike those of
RealTime ObjectOrientedModeling (ROOM) into the Uni-
fied Modeling LanguaggUML). In contrastto existing ap-
proachesike[8, 3,11, 6], ourapproactstartsfromthe UML,
andoffersadeepratherthana shallav integration. Also, our
approacthis basedn a modificationof Subsystem concept
ratherthanon a stereotypef Class.!

This approactoriginatesrom a CASE-tooldevelopmentef-
fort in a non-industrialsetting. The experiencesave since
beenconfirmedby other practicalprojectsin industrialand
academicsettings.This positionpaperaddressemainly the
secondjuestiornof the Call For PapergconcernindJML ex-
tensiongo caterfor architecturalssues)put alsotoucheson
thequestions3 through6.

Approach
Underlyingthis work is the belief in the importancein ab-
stractlymodelingsoftwarearchitecturesSincethe 1980ies,

lwheneer we arereferringto elementof the UML metamodelye put
themin the sans-serifont.

hend e

there have beenmary resultsin this area, e.g. Architec-
ture DescriptionLanguageshut alsoindustrialmethoddik e
ROOM. Noneof thesehasestablishedtself asgenerallyac-
cepted,however. But since facilitating communicationis
oneof the prime purposeof softwarearchitecturesit is vi-
tal thatthe mediumof communicatioris universallyunder
stood. In the foreseeablduture, this only possiblewith the
UML, “thelingua francaof the softwae engineeringcom-
munity’ (cf. [15, p. v]). Againstthis backgroundall de-
ficienciesthe UML still doeshave areirrelevant, thoughin
needof ameliorationwhichis exactly thepointof this paper

And indeed,thereare somesuchdeficiencies—see.g.[5]
for aninterestingdiscussiorfor the areaor architecturade-
scription. | shall focus on one particularly grave problem,
andthatis thelack of anadequateonceptfor whatl like to
call“architecturalunits” (abbreviatedto AU). Theextensions
andmodificationsl shallproposearestronglyinfluencedby
ROOM [14] andIEEE P1471[7].

2 CONCEPTS FOR ARCHITECTURAL MODEL-
ING

In this positionpaper | shall dealonly with the conceptof

AUs andthosedirectly relatedto it, thatis, views to struc-

turethem,portsto definetheir interfacesandconnectos to

gluethemtogether A synopsisof theseconceptsandtheir

relationshipgs providedin Figurel.

A moredetaileddiscussioris foundin [16].

Requirementsfor Ar chitectural Modeling

In this section,we enumerate few basicrequirementshat
motivatewhy andhow | definethe conceptdor architectural
modelingtheway | do.

1. First of all, obsenre that a systemarchitectureshould
be one of the first artifactscreatedin the courseof a
developmentproject.In orderto beableto visualizean
architecturereasonaboutit, communicatewith it and
treatit in otherways,theremustbe anabstractdesign-
level representationf AUs, thatis, following theearlier
argumentanUML representation.

2. It is also clear that thereshouldbe no technological
bias:mary architecturegnvolvelegacieswhich arenot
object-orientedandthesemustbe dealtwith, too. So,
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Figurel: Theconceptdor architecturamodelingdefinedhereandtheirrelationshipasa UML classdiagramonthe metalevel
M,. Shadedoxesrepreseninetaclassesodifiedor introducedn this paper For thesale of the presentationywe have omitted
somedetailsfrom the UML metamodelsuchasGeneralizableElement.

we shouldavoid anything specificto OO systems.

3. Then, the building blocks of an architecturejts AUs,
neednternalstructuring bothfor theseparatiorof con-
cerns,andasthe basisfor tool support.Intuition, prac-
tical experienceandempiricalsurveys shaw thatthisis
bestachiezedusingmultiple views.

4. Next, oneof thefundamentabbjectivesof dealingwith
software architectures to foster systemevolution and
integrationof prefabricatedparts. In otherwords,one
of the importantissuesis that of reuse. Sincereuseis
the more efficient, the coarserthe reusedentity is, an
AU mustbe—amongtherthings—aconceptuakntity
ratherthan (only) a pieceof code: an AU mustrep-
resentan identifiablefunctionality that is relevantand
non-trivial in the problemdomain.

5. As a variation of the reuseleitmotiv, AUs have to be
hardenedagainstthe ripple-efect, that is, the impact
that changedo somepart of a systemmustnot affect
other AUs. | proposeto counterthis by a particularly
strong mechanismof encapsulationthat controls not
only the stimuli to the AU, but alsothosefromit.

6. Finally, applyingOccamsrazot it is clearthatthemod-
ificationsandextensionmecessaryo bettersupportar
chitecturaimodelingin theUML shouldbeaslimited as
possible andthatasmuchaspossibleof the syntaxand
conceptsof the UML shouldremainunchanged.This
is alsothe bestway to increasethe acceptancef such
modifications.

Let'snow implementheseaequirementdy turningSubsys-
tems into AUs within theconceptuaframework of the UML
metamodel.

Subsystemsas Ar chitectural Units

In this situation thereis alwaysa trade-of betweercompli-
ancewith theexisting standardaindconceptuatlarity. Since
thisworkshopis intendedo generatehangerequestgor the
UML 2.0,1 shallconcentraten the latter, thatis, | will lib-

erally proposechangedo the subsystem-concepisit is in

theUML 1.3.

It is obvious, that someconceptfor AUs is neededin ar
chitecturalmodeling,andtherearesomecandidateslready
presentin the UML: Class, Component, Package, and
Subsystem. Let's now considerthesein turn.

e Class representsclassesof OO-programminglan-
guagesthatis, Class hasan unwantedtechnological
biasandrepresententitiesof too smallgranularity?

¢ A Component “reptesentsa physicalpieceof imple-
mentationof a syster (cf. [12, p. 2-29]). A Compo-
nent, in otherwords,is a pieceof the implementation,
not oneof thedesign.Soit liveson thewronglevel of
abstractiorfor anAU.

e A Package, on the otherhand,may be an elementof
thedesign:it may containary kind ModelElement. It
is completelyunstructureshowever, andhasonly inter-
facesin the senseof UML, thatis, it offers only weak
protectionagainstheripple-efect.

o Finally, thereis the conceptof Subsystem, which is
a subclasof Package. A Subsystem hasthreepar
titions for Operations, and “specification” and “im-
plementationelements”, respectiely, but no concept
of view, or port (otherthan UML- Interfaces, thatis).

2Alternatively, Class may represenan analysis-leel type—hut thatis
evenfurtheraway from AUs.



Also, Subsystems may not appeatrin deploymentdi-
agramsthey may be mixed with objects,classesand
packagesn staticstructurediagramsmingled,thatis,
with entitiesof differentgranularityand purpose. On
theotherhand,they maynotappeain deploymentdia-
gramsthough,thisis frequentlyanimportantarchitec-
turalissue.Their semanticandpragmaticss currently
notadequatelylefined.

So,| proposeto modify Subsystem suchthatthethreepar
titions arereplacedy a view-mechanisminsteadof amere
setof Operations, | proposeo endav Systems with anon-
emptysetof Ports.

View and Viewpoint

The IEEE P1471distinguishedetweerviewpoints(generic
“kinds” of views) andviews (concrete‘instancesthereof).
Both of thesearerealizedasmetaclassem the P1471con-
ceptualmodel.In my opinion,it is indeedimportantto iden-
tify and distinguishthe two of these,but they live on dif-
ferentlevels of the metamodellinghierarchy: Considerthe
definition of the relationshipbetweenview and viewpoint:
it is saidto be, somehav, aninstance-relationshipBut “in-
stance’in whatsense?.ookingattheUML, thereareatleast
two suchnotions:thekind of relationshipbetweerthe meta-
classe<€lass andObiject, say(or UseCase andUseCase-
Instance andsoon), andon theotherhand,therelationship
betweera classin anobject-orientegorogramminganguage
andthe UML metaclas<Class(or the latter and the MOF
conceptof Metaclass) For simplicity, | call thesetwo kinds
of instance-relationshipsithin andbetweermetamodelling
levelsashorizontalandvertical,respectiely.

Now, | suggesthat the instance-relationshipetweenview
andviewpointis vertical ratherthanhorizontal. So, if view
is to becomea conceptin the UML metamodelyiewpoint
should correspondo what will be called UML profile or
preface- thoughthesetwo conceptsarenot yet defineden-
tirely satisactorily. In otherwords,viewpointshouldnot (as
theP1471suggestspe aconcepin themetamodel.

Just which ensembleof viewpoints is relevant for some
developmentprojectis specificand characteristicfor that
project. Determiningsomesetof viewpoints(i.e. declaring
it, andonly it, asrelevant)is instrumentabndindispensable
in the requirementglicitation phase.Making it explicit is,
in my experience gquallyrevealingfor the solutiondomain
asdefininguse-caseis for the problemdomain.

However, therearesomeviewsthatarelik ely to occurin very
similar shapesunderalmostall circumstances.For these,
particularlyrich supportin termsof toolsandtechniquegan
be provided. So, thereis a tradeof betweenthe availability

of tools, knowledge,training, experienceand so on, versus
thedegreeof fitnessto therespectie project.In otherwords,
it is not (only) the problemdomainthat determineghe en-
sembleof viewpoints,but alsothe solutiondomain,andto a

quiteconsiderablelegree.

So, | proposeto introduceinto the UML metamodeh sub-
classof Package calledView with a string-valuedattribute
kind. DifferentViews presenbonly projectionsof the setof
ModelElements populatingthe Subsystem, thatis, Views
do notown ModelElements exclusively.

Port and Connector

Concerningports, there are the requirementdo (a) shield
AUs from the ripple-efiect, and (b) to avoid technological
bias. In UML Subsystems, thereis no conceptof port,

andneitherof theserequirementsiresatisfied:the points-of-
interactionof aUML subsystenareasetof Operations, that
is, specificationf method-calls. Thus, an objectoriented
bias, asynchrog Also, mary architecturesare distributed,
sothata synchronougalling mechanismwhich is the way,

Operation is definedin the UML) is inadequate.Finally,

thereis no provision to controlthe callsemanatingrom the
AU.

So,l proposeo defineanenv metaclas®ort thatis specified
by two setsof incoming and outgoing Signals or Opera-

tions, thatarefurther specifiedby a StateMachine of their
behaior. Again, thereis the questionof how andwhereto

introducethis conceptwithin the UML metamodel. Obvi-

ously, a Port would be a NameSpace, even a Classifier

sincePorts areto be connectedby Connectors. Thetype

of a ConnectorEnd mustbe a Port, and Connectors have

astheirconnection only ConnectorEnds, sothat,all in all,

Ports areonly connectedy Connectors.

3 Perspectives

Basedonthis approachthereareatleastthreefurtherissues
to beconsideredThesereferto questions3 through6 in the
CFPof theworkshop.

Analysis of Models

Finally, comingbackto our initial motivation,the mainpur-
poseof using models(of software architecture)n the first
placeis to beableto conductcertainoperation®nthemeas-
ier, fasteror cheapethanon therealthing (thatis, the con-
cretesoftwarearchitecturethe code). In particular it is vi-
tal to supportautomatedgupportfor (a) checkingtheconsis-
teng of alargesystenof partialspecifications(b) analyzing
performanceaspect®f systemsand(c) generaterototypes
or conductinteractive simulations.All of thesedependcru-
cially on the definition of a generallyacceptedmathemati-
cally precisedefinition of the semanticof UML andthede-
siredsystenpropertiesin this areatherehave beenpromis-
ing advanceoverthelastyears seee.g.[13, 16, 9].

Reuse

Theissueof reusingarchitecturege.g.in productline archi-
tecturesCOT Scomponentgtc.) andof evolution of systems
is directly affectedby the AU conceptusedin anapproach.
Sofar, little field experiencehasbeengainedon this aspect
in relationwith UML.



Process

Finally, thereis a pressingneedfor processsupport. Since
architecturalnits (frequently)arereusableunits, therehave
to bespecialprocessefor the actiities relatedto reusejike
finding preparingunits for reuse finding a unit matchinga
given profile, assessinghe fitnessand so on. On the other
hand theoverall structureof thedevelopmenprocesss also
affected: if a systemis built from componentsit hasa re-
cursive, thatis, fractal structure. In order to facilitate the
mappingbetweerproductandprocessthedevelopmenpro-
cessshouldhave sucha fractal structure,too. This canbe
achieved by procesgatterngcf. [2, 17, 1]). Theimportant
bit is to preciselydefinethe relationshipsbetweendifferent
patternswhenarethey applicablewhataretheirresults and
soon. Again, formal semanticareessential.
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