
Turning UML-Subsystemsinto Ar chitectural Units

Harald Störrle
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ABSTRACT
In this paper, I show how the subsystemconceptof UML
may be adaptedfor architecturalmodeling. Previous ap-
proachesusedstereotypesof UML’s class-conceptinstead.
For greaterconceptualclarity, I pursueanexplicit metamod-
eling approach.However, themodificationsI proposecould
bereformulatedusingonly UML’sstandardextensionmech-
anisms,If thatweredesired.Thepresentapproachis inspired
by ROOM andtheIEEE’s P1471standard.It is a follow-up
work of my recentPhD-thesis.
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1 INTRODUCTION
Background
This position papersummarizesour experiencesin trying
to integrate architecturalmodeling conceptslike thoseof
RealTimeObjectOrientedModeling(ROOM) into theUni-
fied ModelingLanguage(UML). In contrastto existing ap-
proacheslike[8, 3,11, 6], ourapproachstartsfromtheUML,
andoffersadeepratherthanashallow integration.Also, our
approachis basedon a modificationof Subsystem concept
ratherthanon astereotypeof Class.1

Thisapproachoriginatesfrom aCASE-tooldevelopmentef-
fort in a non-industrialsetting. The experienceshave since
beenconfirmedby otherpracticalprojectsin industrialand
academicsettings.This positionpaperaddressesmainly the
secondquestionof theCall For Papers(concerningUML ex-
tensionsto caterfor architecturalissues),but alsotoucheson
thequestions3 through6.

Approach
Underlyingthis work is the belief in the importancein ab-
stractlymodelingsoftwarearchitectures.Sincethe1980ies,

1Whenever wearereferringto elementsof theUML metamodel,weput
themin thesans-seriffont.

there have beenmany results in this area, e.g. Architec-
tureDescriptionLanguages,but alsoindustrialmethodslike
ROOM. Noneof thesehasestablisheditself asgenerallyac-
cepted,however. But since facilitating communicationis
oneof the prime purposeof softwarearchitectures,it is vi-
tal that themediumof communicationis universallyunder-
stood. In the foreseeablefuture, this only possiblewith the
UML, “ the lingua francaof the software engineeringcom-
munity” (cf. [15, p. v]). Against this background,all de-
ficienciesthe UML still doeshave areirrelevant, thoughin
needof amelioration,whichis exactlythepointof thispaper.

And indeed,therearesomesuchdeficiencies—seee.g. [5]
for aninterestingdiscussionfor theareaor architecturalde-
scription. I shall focuson oneparticularlygrave problem,
andthatis thelack of anadequateconceptfor whatI like to
call “architecturalunits” (abbreviatedtoAU). Theextensions
andmodificationsI shallproposearestronglyinfluencedby
ROOM [14] andIEEE P1471[7].

2 CONCEPTS FOR ARCHITECTURAL MODEL-
ING

In this positionpaper, I shall dealonly with the conceptof
AUs andthosedirectly relatedto it, that is, views to struc-
turethem,ports to definetheir interfaces,andconnectors to
glue themtogether. A synopsisof theseconceptsandtheir
relationshipsis providedin Figure1.

A moredetaileddiscussionis foundin [16].

Requirementsfor Ar chitectural Modeling
In this section,we enumeratea few basicrequirementsthat
motivatewhy andhow I definetheconceptsfor architectural
modelingtheway I do.

1. First of all, observe that a systemarchitectureshould
be one of the first artifactscreatedin the courseof a
developmentproject.In orderto beableto visualizean
architecture,reasonaboutit, communicatewith it and
treatit in otherways,theremustbeanabstract,design-
level representationof AUs,thatis, following theearlier
argument,anUML representation.

2. It is also clear, that thereshouldbe no technological
bias:many architecturesinvolvelegacies,whicharenot
object-oriented,andthesemustbedealtwith, too. So,
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Figure1: Theconceptsfor architecturalmodelingdefinedhereandtheir relationshipsasaUML classdiagramonthemetalevel���
. Shadedboxesrepresentmetaclassesmodifiedor introducedin thispaper. For thesakeof thepresentation,wehaveomitted

somedetailsfrom theUML metamodel,suchasGeneralizableElement.

we shouldavoid anythingspecificto OOsystems.

3. Then, the building blocksof an architecture,its AUs,
needinternalstructuring,bothfor theseparationof con-
cerns,andasthebasisfor tool support.Intuition, prac-
tical experience,andempiricalsurveysshow thatthis is
bestachievedusingmultipleviews.

4. Next, oneof thefundamentalobjectivesof dealingwith
softwarearchitectureis to fostersystemevolution and
integrationof prefabricatedparts. In otherwords,one
of the importantissuesis that of reuse.Sincereuseis
the moreefficient, the coarserthe reusedentity is, an
AU mustbe—amongotherthings—aconceptualentity
rather than (only) a pieceof code: an AU must rep-
resentan identifiablefunctionality that is relevant and
non-trivial in theproblemdomain.

5. As a variationof the reuseleitmotiv, AUs have to be
hardenedagainstthe ripple-effect, that is, the impact
that changesto somepart of a systemmustnot affect
otherAUs. I proposeto counterthis by a particularly
strongmechanismof encapsulation,that controlsnot
only thestimuli to theAU, but alsothosefrom it.

6. Finally, applyingOccam’srazor, it is clearthatthemod-
ificationsandextensionsnecessaryto bettersupportar-
chitecturalmodelingin theUML shouldbeaslimited as
possible,andthatasmuchaspossibleof thesyntaxand
conceptsof the UML shouldremainunchanged.This
is alsothe bestway to increasethe acceptanceof such
modifications.

Let’snow implementtheserequirementsby turningSubsys-
tems into AUswithin theconceptualframework of theUML
metamodel.

SubsystemsasAr chitectural Units
In this situation,thereis alwaysa trade-off betweencompli-
ancewith theexistingstandardandconceptualclarity. Since
thisworkshopis intendedto generatechangerequestsfor the
UML 2.0, I shallconcentrateon thelatter, that is, I will lib-
erally proposechangesto the subsystem-conceptas it is in
theUML 1.3.

It is obvious, that someconceptfor AUs is neededin ar-
chitecturalmodeling,andtherearesomecandidatesalready
presentin the UML: Class, Component, Package, and
Subsystem. Let’snow considerthesein turn.

� Class representsclassesof OO-programminglan-
guages,that is, Class hasan unwantedtechnological
biasandrepresentsentitiesof too smallgranularity.2

� A Component “ representsa physicalpieceof imple-
mentationof a system” (cf. [12, p. 2-29]). A Compo-
nent, in otherwords,is a pieceof the implementation,
not oneof thedesign.Soit liveson thewronglevel of
abstractionfor anAU.

� A Package, on the otherhand,may be an elementof
thedesign:it maycontainany kind ModelElement. It
is completelyunstructures,however, andhasonly inter-
facesin the senseof UML, that is, it offers only weak
protectionagainsttheripple-effect.

� Finally, thereis the conceptof Subsystem, which is
a subclassof Package. A Subsystem hasthreepar-
titions for Operations, and “specification” and “im-
plementationelements”,respectively, but no concept
of view, or port (other thanUML- Interfaces, that is).

2Alternatively, Class may representananalysis-level type—but that is
evenfurtheraway from AUs.
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Also, Subsystems may not appearin deploymentdi-
agrams,they may be mixed with objects,classes,and
packagesin staticstructurediagrams,mingled,that is,
with entitiesof differentgranularityandpurpose. On
theotherhand,they maynot appearin deploymentdia-
grams,though,this is frequentlyanimportantarchitec-
tural issue.Their semanticsandpragmaticsis currently
not adequatelydefined.

So,I proposeto modify Subsystem suchthatthethreepar-
titions arereplacedby a view-mechanism.Insteadof a mere
setof Operations, I proposeto endow Systemswith anon-
emptysetof Ports.

View and Viewpoint
TheIEEE P1471distinguishesbetweenviewpoints(generic
“kinds” of views) andviews (concrete“instances”thereof).
Both of thesearerealizedasmetaclassesin theP1471con-
ceptualmodel.In my opinion,it is indeedimportantto iden-
tify and distinguishthe two of these,but they live on dif-
ferent levels of the metamodellinghierarchy: Considerthe
definition of the relationshipbetweenview andviewpoint:
it is saidto be,somehow, an instance-relationship.But “in-
stance”in whatsense?LookingattheUML, thereareatleast
two suchnotions:thekind of relationshipbetweenthemeta-
classesClass andObject, say(or UseCase andUseCase-
Instance andsoon),andon theotherhand,therelationship
betweenaclassin anobject-orientedprogramminglanguage
and the UML metaclassClass(or the latter and the MOF
conceptof Metaclass).For simplicity, I call thesetwo kinds
of instance-relationshipswithin andbetweenmetamodelling
levelsashorizontalandvertical,respectively.

Now, I suggestthat the instance-relationshipbetweenview
andviewpoint is vertical ratherthanhorizontal. So, if view
is to becomea conceptin the UML metamodel,viewpoint
shouldcorrespondto what will be called UML profile or
preface- thoughthesetwo conceptsarenot yet defineden-
tirely satisfactorily. In otherwords,viewpointshouldnot (as
theP1471suggests)bea conceptin themetamodel.

Just which ensembleof viewpoints is relevant for some
developmentproject is specific and characteristicfor that
project. Determiningsomesetof viewpoints(i.e. declaring
it, andonly it, asrelevant)is instrumentalandindispensable
in the requirementselicitation phase.Making it explicit is,
in my experience,equallyrevealingfor thesolutiondomain
asdefininguse-casesis for theproblemdomain.

However, therearesomeviewsthatarelikely to occurin very
similar shapesunderalmostall circumstances.For these,
particularlyrich supportin termsof toolsandtechniquescan
beprovided. So, thereis a tradeoff betweentheavailability
of tools, knowledge,training, experienceandso on, versus
thedegreeof fitnessto therespectiveproject.In otherwords,
it is not (only) the problemdomainthat determinesthe en-
sembleof viewpoints,but alsothesolutiondomain,andto a

quiteconsiderabledegree.

So, I proposeto introduceinto the UML metamodela sub-
classof Package calledView with a string-valuedattribute
kind. Dif ferentViews presentonly projectionsof thesetof
ModelElements populatingtheSubsystem, that is, Views
do not own ModelElements exclusively.

Port and Connector
Concerningports, thereare the requirementsto (a) shield
AUs from the ripple-effect, and (b) to avoid technological
bias. In UML Subsystems, there is no conceptof port,
andneitherof theserequirementsaresatisfied:thepoints-of-
interactionof aUML subsystemareasetof Operations,that
is, specificationsof method-calls.Thus,an objectoriented
bias, asynchrony Also, many architecturesare distributed,
sothata synchronouscalling mechanism(which is theway,
Operation is definedin the UML) is inadequate.Finally,
thereis no provision to control thecallsemanatingfrom the
AU.

So,I proposeto defineanew metaclassPort thatis specified
by two setsof incoming and outgoingSignals or Opera-
tions, thatarefurtherspecifiedby a StateMachine of their
behavior. 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. The type
of a ConnectorEnd mustbe a Port, andConnectors have
astheirconnection only ConnectorEnds,sothat,all in all,
Portsareonly connectedby Connectors.

3 Perspectives
Basedon thisapproach,thereareat leastthreefurtherissues
to beconsidered.Thesereferto questions3 through6 in the
CFPof theworkshop.

Analysis of Models
Finally, comingbackto our initial motivation,themainpur-
poseof usingmodels(of softwarearchitecture)in the first
placeis to beableto conductcertainoperationsonthemeas-
ier, fasteror cheaperthanon thereal thing (that is, thecon-
cretesoftwarearchitecture:thecode). In particular, it is vi-
tal to supportautomatedsupportfor (a) checkingtheconsis-
tency of alargesystemof partialspecifications,(b)analyzing
performanceaspectsof systems,and(c) generateprototypes
or conductinteractive simulations.All of thesedependcru-
cially on the definition of a generallyaccepted,mathemati-
cally precisedefinitionof thesemanticsof UML andthede-
siredsystemproperties.In thisarea,therehavebeenpromis-
ing advancesover thelastyears,seee.g.[13, 16, 9].

Reuse
Theissueof reusingarchitectures(e.g.in productline archi-
tectures,COTScomponentsetc.)andof evolutionof systems
is directly affectedby theAU conceptusedin anapproach.
So far, little field experiencehasbeengainedon this aspect
in relationwith UML.
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Process
Finally� , thereis a pressingneedfor processsupport. Since
architecturalunits(frequently)arereusableunits,therehave
to bespecialprocessesfor theactivities relatedto reuse,like
finding preparingunits for reuse,finding a unit matchinga
given profile, assessingthe fitnessandso on. On the other
hand,theoverallstructureof thedevelopmentprocessis also
affected: if a systemis built from components,it hasa re-
cursive, that is, fractal structure. In order to facilitate the
mappingbetweenproductandprocess,thedevelopmentpro-
cessshouldhave sucha fractal structure,too. This canbe
achievedby processpatterns(cf. [2, 17, 1]). The important
bit is to preciselydefinethe relationshipsbetweendifferent
patterns:whenarethey applicable,whataretheirresults,and
soon. Again, formal semanticsareessential.
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