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1.

INTRODUCTION

Thearchitecturdevelof descriptiorof a softwaresystemprovidesan overallview
of the systemmakingexplicitits designrationale and constraints Recentlymuch
effort hasbeendevotedio softwarearchitecturessetting the groundsfor a new
discipling[1, 2, 3]. In particular,specificattention has beengivento architecture
description languages (ADLS) to support architectural modellin

A reference architecture is a software architecture for a prod

of applicationsystemsin agiven businessdomain. The referencearchitecture
containsdesignrationale engineeringlecisionsassumptionand constraintsthat
apply to all membersof the product family. Referencearchitecturesgenerally
consistof partially specifiedsystemsomposeaf genericor abstractcomponents
that are replacedoy real componentsvhenthe architectures instantiatedfor an
actual application.

In other words, areference architecture providesthe means for structuring
knowledge on how to design and implenagmiicationswithin a givendomainin

an organisation. Once available, this knowledgbesasedand reusedn building
new applications. This production scheme is more or less explic  in many
organisationsin doing so,softwaremanagersnd practitionersare facing several
difficulties. These include:

* What arethe benefitsof havinga referencerchitectureHow are these
benefits measured?

* Isa givenreferencerchitectureappropriatefor a new development™
not, what are the necessary changes?

+ Howdo weguaranteethe adequatenessf a referencearchitectureto
fulfil user requirements?How do we determine whether a given
functionality is realised by an architecture?

* How is an applicatioarchitecturederivedfrom a referencearchitecture,
without corrupting its original design principles?

At ESI we are addressing these questidhe gontextof our technologyplan.We

firmly believe that these problems need to be faced from a proc Thus,
our approachis to positionreferencearchitecturesn a reuse-driverproduct-line
procesgo analysepossiblesolutionsfrom that viewpoint.In the restof this paper
we first provide a produtihe processontextfor referencearchitecturesWethen

exploretechnologicalssuedor referencearchitecturesn the light of this process
context.
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2. PRODUCTINEPROCESSONTEXT

Traditionallife cyclemodelshaveoriginallybeenconceivedinderthe assumption
that they apply to the development of an individual software  Thesemnodels
are generallystructuredin a seriesof phaseghat go from feasibility studiesto
product delivery and maintenance. Product line developmenti a different
approach: instead dfavinga separatedevelopmenprocesgor eachproduct,the
set of products that address the same business domain are re a wholeand
developed as members of a standardised product family.

Productline developmenintroducesnew requirementso softwareprocesseand
supporttechnologyTheextentand natureof the impactthat the introduction of
product line development may have in an organisational straad its processes
Is not yet fully understood arglthe subjectof debateand researchHoweverit is
broadly agreedthat product line developmenis structuredinto two separate
processeswith different scopes.Domain Engineering (DE) focuses on the
developmentofa product  family adaptable todeferred requirementand
engineeringdecisionsApplicationEngineerindAE)is aimedat derivinga single
productfrom the family to meet specificuser requirementsDEis an iterative
procesghat incrementallygrowsthe domain.Eachenactmentof the AE process
Definition

corresponds to the production of a new application within th
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Fig. 1: DE and AE processes as specified in RSP.

Figurel showsthe productline developmenphasesas presentedn RSP(Reuse-
driven Software Proces$@yvelopedy SPQSoftwareProductivityconsortium)4].
Within the DE process, the Donigfinitionactivity establishethe boundarie®f
the domain and characterises all the potential menobéhng productline. All the
productsin the productline addresghe samebusinessiomain,thus they share
several common characteristicsth&tsametime, the productsof the productline
differ among each other, since they addtessequirementsf differentusersThe
decisionmodel identifies these variability assumptionan the product line by
defining a set of (user)decisionghat are sufficientto characteriseaparticular
product in the product line.
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Theproductfamily engineeringctivity is similar to traditional developmenbut,
insteadof developinga singleproduct,it aimsat developinghe whole family of
products. It goethroughrequirementsinalysisdesignand implementatiortaking
advantageof the productcommonaltiesnd leavingopenthe decisionddentified
in the decisionmodel. The processengineeringactivity scopeis to establisha
standard process for deriving a product from the product f&mallythe project
support activity is in charge pfovidingsupportfor the enactmentof application
engineering activities. The AE process mesdivedeferreddecisionso matchuser
needs by following the process developed within the process eng
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3.

TECHNOLOGICABSUES OF REFERENCE ARCHIRES

Thereferencearchitectures developeds part of the productfamily engineering
activity within DE. Thereforejt contains open decisionsregarding unresolved
specific user needs. The reference architecture glagsalrole in productfamily
developmentsinceit links user requirementswith implementationcomponents,
providing the skeletonin which all other componentsare integrated. Each
applicationarchitectures obtainedby resolvingdeferreddecisionscorresponding
to specific user needs. Two issuekeyin the representatiomnd managemenof
reference architectures:

1. A reference architecture must be able to capture the v the
product family.

2. Explicit linksmustrelatethe variability in the referencearchitectureto
the same kind of variability in oth@ork-productgsuchasrequirements
documents, code, test cases, etc.).

Themechanismeffered by currentlyusedarchitecturedescriptionlanguagesto

capturevariability are mainly those of high-level programminglanguagesThis
includesa numberof languageconceptsranging from the traditional function

parameterso modernparametricpackagesabstractclassesnheritanceand late

binding mechanismsAnother approach to representvariability in reference
architecture is by using a meta-language of macro directives.

resolved,the macroscan be processedo obtain anapplication architecture
representationAn advantageof the latter approachoverthe previousoneis that

the macro meta-language can be independent of the target ADL

Variabilityaddscomplexityto the referencearchitecturedescriptionAn ADLmust
thus offer appropriatedanguagemechanismgo representhis variability.Hereare
some desirable features:

» Variabilityis localised.The selectionamong different architectural variants
should be localisedin asingle point of the representationOtherwise the
selectionof one variant mayrequire changesin multiple points of the
architectural description, which is an error-prone process

» Variability should not obscure architecstmgcture.Variabilityaddscomplexity
to architecturerepresentationg hereforet is convenienthat the architecture
structure remains evident even if several variants co-exist in a single
representation.

» Variabilityshouldbe adequatelycapturedin graphicalrepresentationsiAlmost
every architecture descriptionis accompaniedoyone or more graphical
representations. Thus, the variability must also be repres

Capturingvariabilityin the architecturedescriptiorbecome®f great valuewhen
this variability is linked with the other work-products in p

In a productline developmenprocessthe decisionmodelsayshow the products
that belongto the productfamily differ from eachother.In a new application
developmentthe first stepis to producean applicationmodel(seeFigurel) in

which the open decisions of the decision model are resolved ban analysisof

the user requirements. If explicit links are maintained betwe andthe

architecture these links can be usedto determinewhich variable parts of the
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referencearchitectureare to be used to instantiate it into the application
architecture, maintaining its internal consistency and origina

In addition links to code componentsan be usedto guide (or automate)the
derivation of the application implementation.

Hypertexttechnologyis a good starting point for supportingthe linking of this
work-productnetwork. The explicit network links also guaranteeforward and
backwardtracing of requirementdor testing and documentationpurposes Of
course, this network has to be produced as part of the domain

The architecturelevel of descriptionrepresentsapoint in which technological
solutions and process issues meet. We believe pnatesgperspectivgprovidesan

adequatecontextfor exploringnewtechnologicabkolutionsor combiningexisting
ones to address the questions stated in the introduction.
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