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Abstract

The documentationof software architecture is carried
out in many different ways. One methodis to break up
thedescriptioninto separateperspectivesthat addressthe
different concernsthat stakeholders have with software
architecture. Theseperspectives,sometimescalled view-
points,cancontainmultiplediagramsto describethecom-
pletesystem.Variousmodelshavebeenproposedthatdetail
viewpointsand specifythe stakeholders and concernsthat
they will satisfy.

In this paperwe survey �ve viewpoint modelsto deter-
minetheextenttowhich theycoverthesoftwarearchitecture
domain.We attemptto identifya setof viewpointsfromdif-
ferentmodelscanbecombinedto providethewidestpossi-
blecoverage.

We foundthat no modelhascompletecoverage, but an
optimal setof viewpointscan beselectedfrom themodels.
This optimal set, whilst not providing completecoverage,
hasa greatercoveragethananyof theindividualviewpoint
models.

1 Intr oduction

In this sectionwe provideanoverview of theareaof in-
vestigation,themotivationfor this work andtheresultsob-
tained.

1.1 What is Software Ar chitecture and how is it
documented?

Softwarearchitectureis thehigh level structureof a sys-
tem. A simplede�nition of softwarearchitecturewaspro-
videdby Shaw andGarlan [13, p3]:

“The architectureof a software systemde�nes
that systemin terms of computationalcompo-
nentsandinteractionsamongthosecomponents.”

�

Thispaperis anexpansionof adissertationof thesametitle submitted
by the author in partial ful�llment of the requirementsfor the degree
of Masterof Technology(Information Technology)at RMIT University
(Melbourne,Australia)in 2004.

They wenton to show thatdesigningsoftwarearchitectures
includesdeterminingwhichpatternsof componentsandin-
teractionsto useandwhat constraintsareplacedon those
patterns.

As well as the designprocess,an importantaspectof
softwarearchitectureis theproductionof therelevantdocu-
mentation.A recentsummaryof theneedfor documenting
softwarearchitectureis provided by Bassetal. [2]. They
identi�ed threemotivating factorswhich were, to enable
communicationof the softwarearchitectureamongstake-
holders,to captureearly designdecisions,and to provide
re-useableabstractionsof softwaresystems[2, p26].

It is a commonfeatureof graphicaldocumentationto
use multiple, concurrentdiagramsto describethe entire
softwarearchitectureof asystem.Thisovercomestheprob-
lemsof crowdeddiagrams,inconsistentnotation,mixing of
architecturalstyles,over emphasisof one aspectand the
overlookingof individual stakeholderconcerns[10, p42].
However, somebasisof organizationof thediagramsis re-
quired. Many informal approachesare usedto document
softwarearchitecture, includingboxesandlinesandsimple
classdiagrams[6]. In addition,at leasthalf a dozenmore
formalmethodsfor documentingsoftwarearchitecturehave
beenproposed.Theserangefrom notationsto systemsof
diagramclassi�cation. A subsetof thesesystemsincludes
thosethatseekto separatethediagramsbasedon theneeds
of thestakeholders.Theseparationof stakeholderconcerns,
or requirements,leadsto agroupingof diagramsby theper-
spective of thesoftwarearchitecturethat they show. These
groupsarevariouslycalledperspectives,views andview-
types,but herewe will refer to a perspective as a view-
point. Theclassi�cationsystemsthatutilize theseperspec-
tiveswill becalledviewpointmodelsin this paper.

1.2 What is the purposeof this paper?

Various modelshave beenproposedof how to create
documentationby the separationof the concerns. Each
modeldescribesa setof viewpointsandidenti�es thecon-
cernsthateachof themaddress.Thedifferentmodelscover
thesamesoftwarearchitecturedomain,includingtheasso-
ciatedorganizational,businessand technologicalenviron-
ments. However, they are not compatiblebecauseeach
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model assignsa different signi�cance to eachof the en-
vironments[14], and the vocabulary usedto describethe
stakeholdersandconcernsvariesbetweenmodels.

The primary purposeof this paperis to gain an under-
standingof the differentviewpoint models,their compar-
ative strengths,andtheir relative coverageof the software
architecturedomain. Due to the limited scope,it is not
theintentionto provideanauthoritativecomparisonframe-
work, but to basethecomparisonon a standardframework
and a relatively independentset of well documentedele-
ments.

In additionto a comparisonof models,theclassi�cation
of viewpointswithin a commonframework would allow to
combinethe viewpoints from differentmodelsand deter-
mine an optimumsetof viewpointswith the greatestcov-
erageof thesoftwarearchitecturedomain.This couldform
thebasisof futuredocumentationtechniques.

In this paperwe survey � ve viewpoint modelsbasedon
sucha framework to determinewhetherwe can combine
viewpointsfrom differentmodelsto createanoptimumset
of with thefewestviewpoints.

Themodelsselectedfor this survey areasfollows:
� Kruchten's“4+1” View Model [10].

� SoftwareEngineeringInstitute(SEI)setof views [5].

� ISO ReferenceModel of OpenDistributedProcessing
(RM-ODP)[9].

� SiemensFourView model[16].

� Rational Architecture Description Speci�cation
(ADS) [11].

All these models focus on describing software
architecture from multiple perspectives. They each
specify target stakeholdersand recognizethe separation
of concerns. In addition,all thesemodelsconcentrateon
describingthe structuresof software architectureand not
onde�ning speci�c notationsfor eachof thesestructures.

To be able to comparethe methodsof documentation,
a commonframework is required.This framework should
assessthe modelsfor the depth of descriptionthey pro-
vide, the communicationneedsthey satisfy, and the con-
cernsthey address. The comparisonframework is based
on the IEEE Standard1471-2000(IEEE1471), called the
IEEERecommendedPracticefor ArchitecturalDescription
of Software-Intensive Systems[8]. This de�nes the con-
ceptsand their relationshipsfor methodsof documenting
softwarearchitecture. The importantpart of the standard,
for thissurvey, is therelationshipthatviewpointshavewith
otherelementsin theframework, speci�cally stakeholders,
concernsandmodels.Thestakeholdersandconcernsrelat-
ing to a particularviewpoint are usually explicitly stated,
but the modelsare not alwaysde�ned. However, models

canbedifferentiatedby thesoftwarearchitecturestructures
thatthey canshow. Theviewpointswill beassessedfor their
coverageof thestructuresof softwarearchitecture, instead
of thespeci�c modelsthatthey canuse.

To analyzetheviewpointmodels,wecomparethecover-
ageof eachviewpoint againsta referenceframework, con-
sistingof listsof elements,includingstakeholders,concerns
and architecturalstructures. The elementsidenti�ed are
translatedinto the elements,from the referencelist with
which they equate.The framework comprisesof an initial
arbitrarylist for eachtypeof element,selectedfrom a rel-
atively comprehensive source,and additionalelementsas
identi�ed in theviewpoints.

1.3 What were the �ndings?

Using the comparisonframework, we found that there
was considerableoverlap betweenthe viewpoint models.
Then,anoptimumsetof viewpointswasselectedthatpro-
videdthegreatestcombinedcoverage.This primarily con-
sistedof the threeviewpointsfrom theSEI model. An ad-
ditionalviewpoint,from theRationalADS, wasincludedto
complementtheSEImodelwith viewpointsfocusingonthe
enduserandstandardwriters.

We found that the combinedcoverageof the surveyed
modelsdid not cover the entire software architecturedo-
mainand,therefore,nosetcouldbeselectedwith complete
coverage.

2 Background

In this sectionwe will answerseveral questions.What
arethe structuresof softwarearchitecture? What is an ar-
chitecturaldescription?Who arethesystemstakeholders?
What arethe stakeholderconcerns?The answersto these
questionswill provide a foundationon which to build a
classi�cationof softwarearchitecturedocumentationtech-
niques.

2.1 What are the structur es of software
architecture?

Another de�nition of softwarearchitectureis provided
by Basset al. [2, p21]:

“The softwarearchitectureof a programor com-
putingsystemis thestructureor structuresof the
system,which comprisesoftware elements,the
externally visible propertiesof thoseelements,
andtherelationshipsamongthem.”

This de�nition is similar to oneproposedby Perryand
Wolf [12], asbothde�ne softwarearchitecturein termsof
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elements,their propertiesandrelationships.However, they
suggestthat the softwarearchitecturedescriptionis a con-
sequenceof early designdecisions,andso the rationaleis
externalto andnota partof thearchitectureitself.

The componentsandconnectorsdescribedin the struc-
turesprovide uswith a classi�cationof the basicconcepts
of softwarearchitectureto bedocumented.

In additionto thestructuresof softwarearchitecture, sys-
temsoften sharecommonpatternsof organization,called
architecturalstyles[13, p20]. Someof themostcommon
thathavebeenidenti�ed anddescribedaretheclient-server,
pipe and �lter , object-orientedand layeredstyles. Each
style can be de�ned by the type of componentsand con-
nectorsof which it is comprisedandtheconstraintsonhow
theseelementscanbecombined.Thismeansthatastylecan
bedescribedin termsof thestructuresthatit utilizes.For in-
stance,theobject-orientedstyleis basedondecomposition,
usesandabstraction.Oneadvantageof architecturalstyles
is that they have known quality attributes. This allows an
architectto selectastylebasedon thesystemrequirements,
in insteadof inventinganarchitecturefrom scratch[2, p25].

A list of the software architecturestructuresfound in
softwaresystems[2, p39-40]canbefoundin Table1. The
architecturalstructuresrepresentedin this list canbe iden-
ti�ed from their associatedelementsandrelationships.

2.2 What is an architectural description?

TheIEEEhasde�nedastandardfor thearchitecturalde-
scriptionof software-intensive systems,IEEE1471[8]. It
includesa conceptualframework to supportthedescription
of architectures,andtherequiredcontentof anarchitectural
description.Thestandardwasdevelopedfrom a consensus
of currentpractices.It includesthe useof multiple views,
reusablemodelswithin views,andtherelationshipof archi-
tectureto thesystemcontext.

The importantde�nitions from this standardareasfol-
lows:

Ar chitectural Description A set of views andadditional
architecturalinformation.

Stakeholder An individual,groupor organizationthathas
at leastoneconcernrelatingto thesystem.

Concern A functionalor non-functionalrequirement.

View A setof modelsrepresentinga systemfrom theper-
spectiveof a relatedsetof concerns.

Viewpoint Theconventionsfor creating,depictingandan-
alyzingaview.

Model A particulardiagramor descriptionconstructedfol-
lowing themethodde�ned in a viewpoint. Thesepro-
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Figure 1. The concepts associated with viewpoints and

their relations. Adapted from the conceptual model of

software architecture description as described in IEEE

Standar d 1471­2000 [8].

vide thespeci�c descriptionof thesystem,which can
includeidenti�able sub-systemsandelements.

Models are the particular representationsof a system.
They canbedescribedusingarchitecturalstyles,which are
well known andcommonlyunderstoodarchitecturalrepre-
sentations[4, p18]. As a result,a propertyof a modelwill
be thearchitecturalstructuresthat it canrepresent.For in-
stance,a model that usesa layeredstyle must be able to
representthe “allowed-to-use”relationship.A measureof
themodels,for which a givenviewpoint establishesmeth-
ods,is thestructuresthattheviewpointcanrepresent.

The relationshipsbetweentheseconceptsareshown in
Figure1. This shows a subsetof the framework described
by the IEEE 1471. Only thoseconceptsthat arerelatedto
theviewpoint areshown becausethey aretheconceptsthat
will be relevant whenclassifyingviewpoints. Oneexcep-
tion to this is the omissionof the Library Viewpoint. In
thispaperall viewpointsconsideredareprojectindependent
and,therefore,they areall library viewpoints.

The relationshipbetweenmodelsand concernswithin
a viewpoint can be explicitly or implicitly de�ned
[14]. An explicit relationship speci�es the concerns
and their associatedmodels, for example as in the
ISOReferenceModel [9]. An implicit relationshipis one
from which the relevantconcernscanbe inferredfrom the
diagramsandmodelsincluded,for exampleasin UML [3].
In this paperwe look only at explicit relationships,because
it is relatively easierto identify the relatedconcernsand
stakeholdersfor eachviewpoint.
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2.3 Who are the systemstakeholders?

Thestakeholdersof a givensystemarede�ned, for this
study, as any individual, group, organization,or external
systemthatcanin�uence therequirementsor constraintsof
thesystem.However, without a speci�c systemwe cannot
identify particularstakeholders. We cande�ne the stake-
holdersby their rolesof interactionwith softwaresystems
in general.

Severalsetsof stakeholderroleclassi�cationshavebeen
described. In IEEE 1471, the stakeholder roles include
clients, users,architects,developersand evaluators. This
is a very generalclassi�cation and doesnot provide ade-
quatede�nitions of the rolesfor the analysiswe will per-
form. An alternateset is provided by Clementset al. [4],
andtherolesthey describearefocusedon theconsumersof
softwarearchitecturedocumentation.Theseroleswill make
theanalysisof viewpointspossiblebecausethey cover the
stakeholdersthatareaddressedby theviewpoints.

A list of therolesof variousstakeholders[4, p10-11]can
befoundin Table1. As canbeseenfrom this list, thestake-
holdersof any softwaresystemcanbeextremelyvaried. It
is likely thattheirusesof any architecturerelateddocumen-
tation will be equally varied becausethey are de�ned by
their interactionswith softwaresystems.Eachstakeholder
will requiredocumentationto show the relevant structures
pertainingto their uses.For instance,Testersoftenusethe
documentationto determinethe functional 'black boxes'
andthe testabilityof the system. They will want to seea
descriptionof the systemin termsof the functionality de-
composition.

Two notableomissionsfrom this list of stakeholdersare
theEndUserandtheCustomer. Thesehave probablybeen
left out becausethe authorshave focusedon thosestake-
holdersthatneedto communicatearchitecturalinformation.
The survey of viewpoint modelsmay speci�cally identify
these,or other, additionalstakeholders.

2.4 What are the stakeholderconcerns?

Softwaresystemsareimplementedto meettheconcerns
of the stakeholders. Concernscan also be called stake-
holderrequirements,whichcanincludefunctionalandnon-
functionalrequirements.

The functionalrequirementsaredif�cult to classifybe-
causetherangeof functionality is asvariedastherangeof
softwaresystems.

However, stakeholdersarealsoconcernedwith the dis-
tribution of the functionalitywithin thesystem,which can
bedescribedin termsof architecturalstructures.Thequal-
ity attributesof thesestructuresandtheir relationshipscan
be mappeddirectly to the non-functionalrequirementsof
thesystem.

Thenon-functionalrequirementsincludeall thosestake-
holderrequirementsthatarenotdirectlyconcernedwith the
servicesthesystemis to provide. Among the setsof non-
functionalrequirementsthathave beendescribedis a com-
prehensiveclassi�cationdetailedby Sommerville[15]. The
author lists twelve typeswhich are further classi�ed into
product,organizationalandexternalrequirements.

A list thatincludesthetypesof Non-FunctionalRequire-
ments[15, p101]canbefoundin Table1. This list provides
uswith aclassi�cationthatshouldcoverall thestakeholder
concerns.

2.5 Summary

As we haveseenfrom theIEEE 1471conceptualframe-
work, an architecturaldescriptionconsistsof views and
modelsthataregeneratedfrom theselectedviewpoints.The
selectionof viewpointsis basedonthestakeholdersandthe
concernsthey have with thesystemto bedocumented.We
have also seenthat the stakeholders,concernsand struc-
turesof a systemcanbe classi�ed and,therefore,we have
a methodfor comparingtheviewpointsprovidedin various
viewpointmodels.

3 RelatedWork

Several reviews of architecturedocumentationhave al-
readybeenrecorded.In this sectionwe will look at two of
them.

In the book “Documenting Software Architectures:
views and beyond” the authorsdetail a viewpoint set for
describingsoftwarearchitecture,theSEI setof views. The
authorsalsoexaminedalternatedocumentationmodelsand
comparedthemwith themodelthey havedetailed[4, p343].
This comparisonwasachievedby identifying theelements
andrelationsaddressedby eachof thealternatemodelsand
translatingtheseinto thecorrespondingterminologyin their
viewpoint model. The modelscomparedincluded; three
viewpointmodels,IEEE 1471, Uni�ed ModelingLanguage
(UML), data and control �o ws, and C4ISR architecture
framework.

Although the translationcould have beenusedasa ba-
sis for the comparisonof viewpoints by the structuresof
software architecture, we decidedthat it would provide a
bettercomparisonto usea list of structuresthatwasinde-
pendentof any model. This list could thenbe expandedif
additionswerefoundin any viewpointmodel.

As canbeenseenfrom thelist of models,notall of them
canbeclassi�edasviewpointmodels.Theauthorsalsorec-
onciledthedocumentingprocessthatthey detailedin terms
of IEEE 1471andmappedthemodelsthey describedto the
C4ISRproducts.
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Another review of viewpoint modelswas provided by
Smolanderin thepaper“What is includedin SoftwareAr-
chitecture” [14]. The author surveyed a rangeof doc-
umentationmodelsand frameworks and conducteda sur-
vey of softwarearchitecturedocumentationpracticesin the
Telecommunicationsindustry. The models reviewed in-
cluded; three viewpoint models, IEEE1471, Zachman's
framework, and someadditional frameworks that are not
speci�cally viewpointmodels.

Smolanderthen surveyed three organizationson their
methodsof softwarearchitecturedocumentationandcon-
ductedworkshopswith theorganizations'leadarchitectsto
analyzetheir approaches.

He concludedthat thefactorsaffectingviewpoint selec-
tion include stakeholders,quality attributes, the technical
developmentenvironments,the work division within the
organization,and the developmentmethodology. Whilst,
theseare not explicitly statedin termsof the IEEE1471
conceptualframework, eachof theseitemscanbetracedto
astakeholderor aconcernrelatingto thearchitecturalstruc-
ture.Thissupportstheselectionof theclassi�cationmethod
chosenin this paper.

Oneof themodelsthatSmolanderreviews is the Infor-
mationSystemsArchitecture(ISA) framework, originally
proposedby Zachmanandextendedby SowaandZachman
[17]. Thisprovidesaclassi�cationsystemfor thedocumen-
tationof softwarearchitectureconcepts,developedfrom the
building architecturemetaphor.

Whilst theISA frameworkprovidesuswith amorecom-
prehensiveclassi�cationsystemfor thedocumentationof a
softwareproject,theperspectivesandconceptsaretoogen-
eralizedfor a comparisonwith theIEEE framework. In ad-
dition, the framework providesno modelsor structuresby
which to classifythecells. In essence,the ISA framework
is an alternative to the IEEE1471, but with a wider scope
andat higherlevel.

Another framework for architecturedescriptionis the
U.S. Department of Defense Architecture Framework
(DoDAF) [1], which is thesuccessorto C4ISR.Whilst this
framework de�nes views andproducts,that correspondto
viewpointsandmodels,theframework doesnotaddressthe
views relevant for the implementationof the systemas a
softwarearchitecture,andsoit notbeenincludein this sur-
vey.

4 Survey of Viewpoint Models

In this sectionwe describea framework for comparing
viewpointmodelsandprovideanoverview of eachmodel.

The analysisof the modelswasaccomplishedby com-
paringeachof their viewpointsagainstthe framework ref-
erencelists. By identifying theframework elementsrelated
to eachviewpoint, we wereableto summarizethe frame-

work coverageby viewpoint modelandcomparethemby
thedifferentelementsthey address.

Themodelsselectedusedifferenttermsfor a viewpoint,
suchasviewsandviewtypes.Eachmodelwill bedescribed
in the languageof that model,but the comparisonwill be
madein thelanguageof theframework.

4.1 A framework for comparingviewpoint models

The comparisonframework usedin this paperis based
on the conceptualframework in IEEE 1471, asis the only
standardfor architecturaldescriptionidenti�ed. For each
of theviewpoints,theassociatedelementscanbeidenti�ed.
However, theseelementsmay not have an exact matchin
theframeworkandsoeachidenti�ed elementmustbetrans-
latedinto thetypesde�ned in theframework. Theinitial el-
ementsof thecomparisonframework areshown in Table1.

It maybepossibleto identify new elementsthatcannot
betranslatedinto theframework elements.In this case,the
frameworkwill beupdatedto incorporatethenew elements.
Thiswill allow usto expandtheframework to accommodate
all theviewpointsfrom all themodels.

4.2 Kruchten' s “4+1” View Model

This modelconsistsof multiple, concurrentviews, that
allow the different stakeholderconcernsto be addressed
separately. Themodelincludes� ve interrelatedviews, see
Figure2.
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Figure 2. The “4+1” view model of Software Architecture .

Adapted from “Ar chitectural Blueprints ­ The “4+1” View

Model of Software Architecture” [10, p43].
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Table 1. The elements of the initial comparison frame work.

Structur es Stakeholders Concerns
Decomposition ArchitectsandRequirementsEngineers Usability

Uses Sub-SystemArchitectsandDesigners Performance
Layered Implementers Space

Abstraction TestersandIntegrators Reliability
Process Maintainers Portability

Concurrency ExternalSystemArchitectsandDesigners Delivery
SharedData Managers Implementation
Client-Server ProductLine Managers Standards
Deployment QualityAssuranceTeam Interoperability

Implementation Ethical
Work Assignment Privacy

Safety

Theseviewsareeachdescribedby ablueprintandcanbe
representedby variousstyles.Themodelis generic,sothat
the views canbe describedusingalternative notationsand
designmethods.Themodelalsoincludesdetailsof how the
viewsarerelatedandaprocessfor developingthecomplete
setof views.

Kruchtenenvisagedan iterative processfor architecture
design,startingwith the descriptionof the critical scenar-
ios. The architectcan then identify the key abstractions
from the problemdomainandmodel thesein the Logical
View. Logical classescanbemappedto modulesandpack-
agesin theDevelopmentView, andto tasksandprocesses
in the ProcessView. Finally, the processesand modules
can be mappedto the hardware in the PhysicalView. In
eachsubsequentiterationadditionalscenariosaremodeled,
following this sequence,until thearchitecturebecomessta-
ble. Thisusuallyoccurswhennonew key abstractions,sub-
systems,processesor interfacesarediscovered.

From the above processit is evident that the views are
not fully independent.It would be dif�cult to model the
views without �rst having proceededthroughthe scenar-
ios andlogical views. Furthermore,theviews of the“4+1”
view modelconformreasonablywell to the viewpointsof
the IEEE 1471. However, the views of this modelrely on
aniterativeprocessto createthem.

4.3 The SEI Viewpoint Model

The SEI modelof softwarearchitecturedocumentation
hasbeenwell documentedand this review is basedon a
paper[5], a tutorial [6], andabook[4]. In thesedocuments
themodelis detailedandprocessesdescribedfor choosing
viewsanddocumentingthearchitecture.

Theprocessof documentingthearchitectureconsistsof
documentingthe relevant views and any additional infor-
mationthat correspondsto morethanoneview. However,
someviews are too complex to show in one representa-

tion, so they canbe broken down into a numberof view-
packets. A viewpacket is the smallestpieceof informa-
tion a stakeholderrequires,which can be representedby
oneor morestyles.For instance,a singleviewpacketcould
show a whole systemat a high-level, anda numberof ad-
ditional viewpacketscould be usedto show the individual
sub-systemsin greaterdetail.

TheSEI modelincludesa templatefor thecontentsof a
viewpacket,sothatit will complywith theIEEE 1471. This
consistsof a primary representation,an elementcatalog,
a context diagram,a variability guide,architecturalback-
ground,non-architecturalinformation,andtherelationship
to otherviewpackets.

The list of styles,andviews, which canbe usedto rep-
resentthe systemis basedon the structureof the system
itself. This canbelargein complex systems.To reducethis
list, the needsof the stakeholdersmustbe taken into con-
sideration,and lessrelevant stylescanbe omitted. How-
ever, thespeci�c requirementsof stakeholdersvariesfrom
project to project. The stakeholdersassociatedwith each
of the viewtypes have beenadaptedfrom the table pro-
videdin ChapterNine “ChoosingtheViews” of thesource
book [4, p301]. Only thosestakeholderswho requirede-
tailed information for the viewtype have beenshown, be-
causethesearetheprimarytargetof theviewtype.

The stylesof the SEI model are relatedto eachother
within their viewtypes. However, thereis limited interac-
tion betweenthe viewtypesbecauseof the different types
of elementsthat they show. Theexceptionis theallocation
viewtype,whichmapsthemodulesidenti�ed in themodule
viewtypeto elementsin theexternalenvironments.

The SEI model extendsIEEE 1471. The authorshave
developedthismodelasapracticalmethodof documenting
softwarearchitecturethatcomplieswith thestandard.They
proposethatarchitecturalstylescanbeusedasanadaptable
set of modelsthat canchangeas the patternsof software
architectureevolve.
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As we have alreadyseen,the particularstakeholdersof
a systemdeterminewhich views should be documented.
This is truefor boththeIEEE standardandtheSEI model.
IEEE1471 speci�es that systemstakeholdershave view-
pointswhichareusedastemplatesto generateviews,when
applied to the system. The SEI model utilizes styles to
determinethe views of the systemthat can be generated.
The stakeholderrequirementsare thenusedto reducethe
numberof views requiredin the documentpackage.Each
methodhasa differentstartingpoint, but bothcanresultin
thesame“stakeholder-centric”setof views.

4.4 ISO Reference Model of Open Distrib uted
Processing

The ReferenceModel of OpenDistributed Processing
(RM-ODP)providesaframework for thestandardizationof
opendistributedprocessing.The aim of the framework is
to developstandardsfor thedistributionof informationpro-
cessingservices. It is independentof any applicationdo-
main.

TheRM-ODPframework is basedon thesupportfor the
speci�cationof commonservicesandinfrastructurecompo-
nents.The systemspeci�cation is divided into viewpoints
to simplify thedescriptionof complex systemsandseparate
the concerns.The � ve viewpoints identi�ed by the model
are the enterprise,information,computation,engineering,
andtechnologyviewpoints. A setof generalconceptsand
rulesarede�ned for eachviewpoint, anda languageto ex-
pressthem.They canbedevelopedseparatelywhilst speci-
fying theconstraintsthatthey placeoneachother. Thereis
nosequenceor iterationimplied in theviewpoints.

Theframework includesthespeci�cationof transparen-
cies,whichfactoroutconcernsandsimplify theviewpoints.
They arestandardmechanismsselectedto solve somere-
quirementsfor a partof thesystem.For example,a persis-
tencetransparency removestheneedto show thedeactiva-
tion andreactivationof softwareelements.

Therearenostakeholdersidenti�ed for any of theviews
of this model. However, the RM-ODP statesthat it is de-
signedto meettheneedsof systemdevelopers,translatedas
implementers,andstandardwriters.

TheRM-ODPdoesnotspecifyany links betweenviews.
However, if a setof views show aspectsof the samesys-
tem, then they must have correspondences.The relation-
shipbetweenelementsof differentviewsshouldbede�ned
by translationrules in order to provide veri�cation of the
overallsoftwarearchitecture.

An example of a translation rule provided by the
RM-ODPis asfollows [9, p32]:

“a single computationalinterfacecannotbe di-
vided into separateengineeringinterfacessup-
portedby unconnectedchannelstructures.”

The RM-ODP provides a language for describing
softwarearchitecture, andnot a notation.Although,it was
speci�cally developedfor thedistributedsoftwaredomain,
its coverageof concernsandstructuresshows that it is also
applicableto muchof softwarearchitecturein general.The
emphasison de�ning standardlanguagesre�ects the bias
towardsinteroperabilitybetweendomains,andnotonstake-
holdercommunication.This model is primarily to enable
communicationbetweendevelopersof different systems,
andnotbetweenotherstakeholdersof thesamesystem.

4.5 SiemensFour View Model
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Figure 3. The Siemens four view model of Software Ar­

chitecture . Adapted from the four views of software

architecture [7, p15].

This model is a result of a study into the industrial
practicesof software architecture. The authors found
that the structuresusedto designand documentsoftware
architecturefall into four broadcategories,which they call
conceptual,module,executionandcodestructures.Each
category addressesdifferentstakeholderconcerns.In addi-
tion, they found that when thesecategoriesareaddressed
separately, the implementationcomplexity of systemsis
decreasedand the re-useand recon�guration of software
is improved. To separatethe categories, they proposed
thatsoftwarearchitectureshouldbedocumentedusingfour
views, eachof which addressa differentcategory of struc-
tures,seeFigure3.
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Thefocusof thismodelis onthedesignapproachfor the
softwarearchitect. As a result, the model fails to address
theotherstakeholdersexplicitly.

The four views of this modelare looselycoupled. The
design�o w follows the informationpassedbetweenviews
starting from the conceptualview. The feedbackresults
from the testing of views for conformanceto the non-
functionalrequirementsof thesystem.

Several importantmappingsof structuresareexplicitly
de�ned in the designapproach.Conceptualstructuresare
“implemented-by”modulestructures,and“assigned-to”ex-
ecutionstructures.Module structurescanbe “located-in”
or “implemented-by”codestructures.CodeStructurescan
con�gure executionstructures.

The Siemensfour view model ignoresthe explicit con-
cernsof thestakeholders,otherthanthesoftwarearchitect.
However, theotherstakeholdersmaybe addressedimplic-
itly by the concernssatis�ed by eachof the views. This
re�ects thefocusof themodelon thearchitect'sdesignap-
proachandnoton thedocumentationfor communication.

4.6 Rational Ar chitectural Description Speci�ca­
tion (ADS)

The RationalADS is an expansionon the “4+1” model
to enablethe descriptionof more complex architectures,
suchasenterprise,e-business,embeddedsystemsandnon-
softwaresystems. It was �rst de�ned in November2000
andis now taughtaspartof Rational'scourse“Principlesof
ArchitectingSoftwareSystems(PASS)”.

It featuresa formal de�nition of requirementsevolu-
tion andarchitecturetestability, andutilizesUML notation
wherepossible.Therationalefor thearchitecturemuststill
bedocumentedseparately.

The views of the “4+1” model have beenpartially re-
namedandfour new viewsde�ned. TheScenariosview has
becometheUseCaseview, theDevelopmentview hasbe-
comethe Implementationview, andthe Physicalview has
becomethe Deploymentview. The nine views have been
groupedinto four viewpoints,seeFigure4. The views of
eachviewpointcorrespondto themodelsof theIEEE1471
framework in the RationalADS. The consistency of ele-
mentsin differentviewsis maintainedby explicit mappings
betweenthe views. The context of lower viewpoints are
providedby themappingsto higherviewpoints.

As can be seenfrom the explicit mappingsbetween
viewsshown in Figure4, theNon-FunctionalRequirements
View is only looselycoupledto the otherviews. Usually
it is depictedasa list of requirementsandtheir properties,
suchaspriority or category. As it is not linkedto any of the
structuralviewsof softwarearchitectureit hasbeenomitted
whendeterminingtheconcernsaddressedby this model.
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Figure 4. The Rational ADS: Viewpoints and Views.

Adapted from a presentation slide [11].

5 Survey Findings

In thissectionwewill look at thecoverageof theframe-
work elementsby the viewpoint models, the correspon-
dencebetweenmodels,andthedivergenceof themodels.

5.1 Framework coverage

Coverageis a measureof the extent to which the ele-
mentsof a domainareaddressed.In this case,eachmodel
was assessedby determiningthe coverageas the sum of
all the elementsof the framework acrossall viewpoints.
Coveragewas determinedindependentlyfor eachof the
framework conceptsof stakeholder, concernandarchitec-
turestructure.

The coverageof the framework information spaceis
shown in Table2. This lists thenumberof framework con-
ceptscoveredby the � ve viewpoint modelssurveyed. The
numberof viewpointswithin eachmodelthataddresseach
of theframework elementsareshown in Tables4, 5 and 6.

Thegreatestcoverageof stakeholdersis achievedby the
RationalADS. This is primarily becauseof thenumberand
varietyof views detailedis greaterthanin any of theother
models.The“4+1” andSEImodelsalsofocusonsatisfying
thedocumentationneedsof thestakeholdersand,asaresult,
alsoprovidesgoodcoverage.
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Table 2. Concept coverage of the sur veyed viewpoint

models.

Model Stakeholders Concerns Structures

“4+1” 7 7 11
SEI 8 9 11

RM-ODP 2 9 9
Siemens 1 7 9

RationalADS 9 10 10

Framework 11 12 11

TheRM-ODPandtheSiemensmodelprovidelittle cov-
erageof thestakeholders.Thefocusof theRM-ODPis on
de�ning the languageof architectureand not on de�ning
thestakeholders.TheSiemensmodelis focusedon thede-
signapproachfor softwarearchitecture, andsoeachview-
point is treatedprimarily from the architect's perspective.
Neitherof thesemodelsexplicitly relateviewpointsto the
stakeholders,but they do implicitly satisfythestakeholders
via theconcernsthatthemodelsaddress.

The coverageof the concernsandstructuresshow less
variationthan for the stakeholdersbecauseall the models
recognizethat softwarearchitectureis composedof struc-
turesandconstrainedby concerns.As a result,eachmodel
includesenoughviewpointsto describeacompletesoftware
architecture.

Additional elementswere identi�ed that were not in-
cludedin the original comparisonframework. Thesecon-
sistedof two new stakeholderswhich wereendusers,from
the “4+1” view model and RationalADS, and standards
writers,from theRM-ODP.

5.2 Corr espondencebetweenviewpoints

Somecorrespondenceexists betweenthe viewpointsof
the different models,most notably in the distribution of
structuresaddressedby theviewpoints.If thesearegrouped
into functional,dynamicandexternalstructures,wecansee
that threeof the modelshave a goodcorrelation. Table3
shows thecorrespondingviewpointsof the“4+1”, SEI and
Siemensmodelsbasedon a rough groupingof the struc-
turesof software architecture. The one structurenot in-
cludedis deploymentbecausethe modelsshow no agree-
mentonhow it shouldbegroupedwith otherstructures.The
“4+1” modelsetsit apart,theSEI modelshows it asexter-
nal, theSiemensmodelgroupsit with thebehavioral struc-
tures,andtheRM-ODPspreadsdeploymentacrossseveral
viewpoints.

The RationalADS addressesthesestructuresin a dif-
ferentway to theothermodels.Eachof its viewpointscan
representbothstructuralandbehavioralaspectsof thearchi-
tecture.Thisresultsin abroadersetof structuresthatcanbe
representedby eachviewpoint. Theexceptionto this is the

Table 3. The correspondence of structures between the

viewpoints from diff erent models.

Functional

Structures Decomposition, Uses, Layered,
Abstraction.

“4+1” model Logicalview.
SEImodel Moduleviewtype.
Siemensmodel Moduleview.

Behavioral
Structures Process,Concurrency, SharedData,

Client-Server.
“4+1” model Processview.
SEImodel C&C viewtype.
Siemensmodel Executionview.

External

Structures Implementation,Work Assignment.
“4+1” model Developmentview.
SEImodel Allocationviewtype.
Siemensmodel Codeview.
RationalADS Realizationviewpoint.

realizationviewpoint which mapscloselyinto theexternal
group.

Theviewpointsof theRM-ODPdo not correspondwith
thesegroupings. This is becauseit is primarily a frame-
work for de�ning the languagesof the viewpoints. These
languagesare basedon a wider set of domainsthan the
other models,which are basedprimarily on the software
architecturedomain. This blurs the boundariesbecause
structurescanappearin differentgroupingsin differentdo-
mains.

5.3 Divergenceof models

Themodelsvary in differentfoci, whichre�ect theirpri-
marypurposes.The SEI modelis biasedtowardscommu-
nication, the “4+1” andSiemensmodelsasbiasedtoward
design,theRM-ODPis biasedtowarddevelopmentacross
domains,andtheRationalADS is biasedtowardsrequire-
mentsevolutionandtestability.

TheSEI modelconsistsof relatively independentview-
points,comparedto theothermodels.This allows a docu-
mentationpackageto becreatedindependentlyfor thedif-
ferentstakeholders.

The “4+1” andSiemensmodelsinclude�o ws of infor-
mationbetweenthe viewpoints. This supportsthe design
approachesthatthey suggest.

The RationalADS containsspeci�c mappingsbetween
elementsof relatedviews. This providesanimplicit design
�o w throughthefour viewpoints.Thismodelalsosupports
thedescriptionof thebusinesscontext of thesystem.It is
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Table 4. The number s of viewpoints that address the stakeholder s of the comparison frame work.

StakeholderRole “4+1” SEI RM-ODP Siemens Rational ADS
Numberof Viewpoints 5 3 5 4 4

Architects/ RequirementsEngineers 1 3 0 4 3
Sub-SystemArchitects/ Designers 3 2 0 0 4
Implementers 3 2 5 0 3
Testers/ Integrators 1 1 0 0 1
Maintainers 0 2 0 0 1
ExternalSystemArchitects/ Designers 0 1 0 0 0
Managers 1 1 0 0 1
ProductLine Managers 1 1 0 0 2
QualityAssuranceTeam 0 0 0 0 0
EndUser 2 0 0 0 3
StandardWriters 0 0 5 0 3

the only model to addressusability andquality assurance,
usingtheuserexperienceandtestviews respectively. This
demonstratesthe greaterscopeavailable from the number
of viewsdetailed.

TheRM-ODPspeci�cally addressesthestructureof the
informationwithin thesystemandthebusinesspoliciesrel-
evantto thesystem.Theinclusionof thesetwo viewpoints
showsthegreaterscopeof thedescriptionenvisagedby the
model. The depthof the viewpoint languagesallows this
model to be usedas a standarddictionary for describing
softwarearchitecturein detail.

In thesewaysthemodelsshow how they focusondiffer-
entaspectsof documentingsoftwarearchitecture.

5.4 Optimal framework coverage

The� ve viewpoint modelseachprovidea differentcov-
erageof theframework concepts.A usefulresultwould be
to determinea minimal setof viewpointswith thegreatest
coverage. This can be approachedby determiningwhich
viewpoints from differentmodelscanbe combinedinto a
new set,andidentifyingthesmallestsetto providethemax-
imumcoverage.

The biggestbarrier to combiningviewpoints from dif-
ferentmodelsis theinterrelationof viewpointswithin each
model. The “4+1” includesa strongdata�o w from one
modelto another, startingfrom thescenarios,aspartof an
iterative approach.Thereis a similar data�o w throughthe
viewpointsof theSiemensmodel,but thesearelesstightly
coupled.The RationalADS alsohasa strongdependency
as the context for the lower viewpoints are provided by
the higher viewpoints. The viewpointsof the SEI model
andthe RM-ODP arerelatively independent,andde�ning
any translationsbetweenthe viewpoints is deferredto the
level of thearchitecturaldescription.As aconsequence,the
viewpoints from the latter two modelsare the bestcandi-
datesfor merging.

To providea minimal setof viewpointswe mustlook at
thecoverageoverlapbetweenthem. First we mustselecta
basemodelto enhanceandthenaddadditionalviewpoints
to cover themissingconcepts.

Thebestchoicefor a basemodelis theSEI model.This
containsindependentviewpoints,andoverlapswell with the
“4+1” andSiemensmodels.Whilst theSEImodelprovides
completecoverageof thestructures,it doesnot satisfythe
stakeholdersof enduseror standardwriter. Neitherdoesit
satisfythe concernsof standardsor safety. Standards,and
implicitly standardwriters,andenduserscanbeaddresses
by inclusionof therequirementsviewpoint from theRatio-
nal ADS. This is the highestviewpoint of the model and
so is not dependanton the other viewpoints. The safety
concernis only explicitly addressedin the Siemensmodel
conceptualviewpoint. However, we do not needto include
this viewpoint becausethecomponentandconnectorview-
pointscanbeusedto addressthisconcern[16, p5].

Theresultingoptimumsetof viewpointswith thegreat-
estcoverageis asfollows:

� Requirementsviewpoint, from RationalADS.
� Moduleviewtype,from SEImodel.
� C&C viewtype,from SEImodel.
� Allocationviewtype,from SEImodel.

Theselectedsetdoesnot cover theentiredomainof the
comparisonframework. Noneof the modelssurveyed ad-
dresstheethicalconcerns.TheRationalADS couldbeex-
pandedto covertheethicalconcernsusingtherequirements
viewpointto specifytherelevantbusinessrulesandpolicies.

TheRationalADS veri�cation viewpoint,whichhasnot
beenincluded,doessatisfythequalityassuranceteam,but it
isdependantontheotherviewpointsof themodeltoprovide
its context. Furtherinvestigationcould determinewhether
this viewpoint could be adaptedto satisfythis concernin-
dependently.
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Table 5. The number s of viewpoints that address the concerns of the comparison frame work.

Concern “4+1” SEI RM-ODP Siemens Rational ADS
Numberof Viewpoints 5 3 5 4 4

Usability 0 0 0 0 2
Performance 2 1 3 2 3
Space 0 1 1 0 1
Reliability 2 1 2 1 2
Portability 3 1 1 2 2
Delivery 1 2 2 2 4
Implementation 2 3 1 2 3
Standards 0 0 2 0 2
Interoperability 1 1 3 1 3
Ethical 0 0 0 0 0
Privacy 1 1 3 0 1
Safety 0 1 0 1 0

5.5 Implications of results

This papershows that the differentvocabulariesof the
viewpoint modelscan be comparedvia a commonrefer-
encevocabulary. The viewpoints from different models,
whencombinedinto an optimumset, canprovide greater
coverageof the software architecturedomainthanany of
theindividualviewpointmodels.

The optimum viewpoint set was selectedfor the com-
binedcoveragethatthey provideandtheir relative indepen-
dence.However, they mustbe connectedin someaspects
becausethey candescribethesamearchitecture.No effort
wasmadeto determinetheinterrelationof thisoptimumset.

Therearetwo limitationswith thecomparisonof view-
pointsby stakeholders.First, the resultswereobtainedby
using an initial arbitrary referencelist. However, the list
wasselectedfrom one of the modelsto be compared.A
morerigorousmethodwould have beento compilea com-
pletely independentvocabulary for the referencelist. The
secondlimitation arisesin two of themodels,theRM-ODP
andthe Siemensmodel,becausethey do not explicitly re-
latestakeholdersto theviewpoints.Theidenti�cation of the
stakeholderssatis�ed by eachviewpoint could have been
achievedby investigatingtherelationshipbetweenconcerns
andstakeholders.Thestakeholderswouldbeimplicitly sat-
is�ed if all their concernswereaddressedby a viewpoint.
The additionalanalysisrequiredto overcometheselimita-
tionsof thestakeholdercomparisonwasbeyond thescope
of thispaper.

5.6 Further research

As hasbeenpreviously stated,the scopeof this paper
was limited. Additional effort could have beenexpended
in identifying a more authoritative set of framework ele-
ments. In addition, the identi�cation of the implicit con-

cernsandstakeholdersaddressedby eachof theviewpoints
would have enableda more accurateidenti�cation of the
optimumset.

A usefulexercisewould be to verify the selectedopti-
mumsetof viewpoints.Thiscouldbeachievedbymodeling
systemsfrom casestudiespublishedin thesourceliterature.
If thissetdoescoverthe� vemodelssurveyedthenit should
bepossibleto modeleachcasestudywith theoptimumset
of viewpoints.

An additionalavenueof researchwould be to studythe
useof architecturaltransparencies,from theRM-ODP, with
the selectedviewpoint set. This featurecould provide an
effective way to simplify the documentationof software
architecture.
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