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Abstract

The documentatiorof softwae architectuse is carried
out in many different ways. One methodis to break up
the descriptioninto sepaate perspectiveghat addressthe
different concernsthat staleholdes have with softwae
architectuie. Theseperspectivessometimesalled view-
points,can containmultiple diagramsto describethe com-
pletesystemVariousmodelshavebeenproposedhatdetail
viewpointsand specifythe staleholdes and concernsthat
they will satisfy

In this paperwe survey ve viewpointmodelsto deter
minetheextentto which they coverthesoftwae architectuie
domain.We attemptto identify a setof viewpointsfromdif-
ferentmodelscanbe combinedo provide the widestpossi-
ble coverage.

We foundthat no modelhas completecoverage, but an

optimal setof viewpointscan be selectedrom the models.

This optimal set, whilst not providing completecoverage,
hasa greatercoverage thananyof theindividual viewpoint
models.

1 Intr oduction

In this sectionwe provide anoverview of theareaof in-
vestigationthe motivationfor this work andtheresultsob-
tained.

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

Softwarearchitecturds the high level structureof a sys-
tem. A simplede nition of softwarearchitecturevaspro-
videdby Shav andGarlan [13, p3]:

“The architectureof a software systemde nes
that systemin terms of computationalcompo-
nentsandinteraction@mongthosecomponents.

This paperis anexpansionof adissertatiorof the sametitle submitted
by the authorin partial ful lment of the requirementsfor the degree
of Masterof Technology(Information Technology)at RMIT University
(Melbourne Australia)in 2004.

13

They wentonto shaw thatdesigningsoftwarearchitectures
includesdeterminingwhich patternsof componentsindin-
teractionsto useandwhat constraintsare placedon those
patterns.

As well asthe designprocess,an importantaspectof
softwarearchitectures the productionof therelevantdocu-
mentation.A recentsummaryof the needfor documenting
software architecturds provided by Bassetal. [2]. They
identi ed three motivating factorswhich were, to enable
communicationof the software architectureamongstale-
holders,to captureearly designdecisions,andto provide
re-useabl@bstraction®f softwaresystemg2, p26].

It is a commonfeatureof graphicaldocumentatiorto
use multiple, concurrentdiagramsto describethe entire
softwarearchitecturef asystem.This overcomesheprob-
lemsof crowdeddiagramsjnconsistenhotation,mixing of
architecturalstyles, over emphasisof one aspectand the
overlookingof individual staleholderconcerng10, p42].
However, somebasisof organizationof the diagramds re-
quired. Many informal approachesre usedto document
softwarearchitectureincludingboxesandlinesandsimple
classdiagramg6]. In addition,at leasthalf a dozenmore
formalmethoddor documentingoftwarearchitecturénhave
beenproposed.Theserangefrom notationsto systemsof
diagramclassi cation. A subsebf thesesystemdncludes
thosethatseekto separatehe diagramshasedn the needs
of thestaleholders Theseparatiomf staleholderconcerns,
or requirementdeadsto agroupingof diagramsby the per
spectve of the softwarearchitecturghatthey shov. These
groupsare variously called perspecties, views and view-
types, but herewe will refer to a perspectie as a view-
point. Theclassi cationsystemshatutilize theseperspec-
tiveswill be calledviewpoint modelsin this paper

1.2 What is the purposeof this paper?

Various modelshave beenproposedof how to create
documentatiorby the separationof the concerns. Each
modeldescribes setof viewpointsandidenti es the con-
cernsthateachof themaddressThedifferentmodelscover
the samesoftwarearchitecturedomain,includingthe asso-
ciated organizational businessand technologicalerviron-
ments. However, they are not compatiblebecausesach



model assignsa different signi cance to eachof the en-
vironments[14], andthe vocalulary usedto describethe
staleholdersaandconcernsrariesbetweermodels.

The primary purposeof this paperis to gain an under
standingof the differentviewpoint models,their compar
ative strengthsandtheir relative coverageof the software
architecturedomain. Due to the limited scope,it is not
theintentionto provide anauthoritatve comparisorframe-
work, but to basethe comparisoron a standardramework
and a relatively independenset of well documenteckle-
ments.

In additionto a comparisorof models the classi cation
of viewpointswithin acommonframewvork would allow to
combinethe viewpoints from differentmodelsand deter
mine an optimum setof viewpointswith the greatestov-
erageof the softwarearchitecturedlomain. This couldform
thebasisof futuredocumentationechniques.

In this paperwe suney ve viewpoint modelsbasedon
sucha framework to determinewhetherwe can combine
viewpointsfrom differentmodelsto createan optimumset
of with thefewestviewpoints.

Themodelsselectedor this surwey areasfollows:

Kruchtens“4+1" View Model[10].
SoftwareEngineeringnstitute(SEI) setof views [5].

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

Siemend-our View model[16].

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

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

To be ableto comparethe methodsof documentation,
a commonframework is required. This framework should
assesghe modelsfor the depth of descriptionthey pro-
vide, the communicationneedsthey satisfy andthe con-
cernsthey address. The comparisonframework is based
on the IEEE Standardl471-2000(IEEE 1471) called the
IEEE Recommende®racticefor ArchitecturalDescription
of Software-Intensie Systemg[8]. This de nes the con-
ceptsand their relationshipsfor methodsof documenting
software architecture The importantpart of the standard,
for this sunwy, is therelationshigthatviewpointshave with
otherelementsn the framework, speci cally staleholders,
concernsandmodels.The staleholdersandconcerngelat-
ing to a particularviewpoint are usually explicitly stated,
but the modelsare not alwaysde ned. However, models
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canbedifferentiatedby the softwarearchitecturestructures
thatthey canshav. Theviewpointswill beassessefibr their

coverageof the structuresof softwarearchitectureinstead
of thespeci ¢ modelsthatthey canuse.

To analyzetheviewpointmodelswe comparehe cover
ageof eachviewpoint againsta referencerameawork, con-
sistingof lists of elementsincludingstaleholdersconcerns
and architecturalstructures. The elementsidenti ed are
translatedinto the elements,from the referencelist with
which they equate.The framewvork comprisef aninitial
arbitrarylist for eachtype of elementselectedrom arel-
atively comprehensie source,and additionalelementsas
identi ed in theviewpoints.

1.3 What werethe ndings?

Using the comparisonframewvork, we found that there
was considerableoverlap betweenthe viewpoint models.
Then,anoptimumsetof viewpointswasselectedhat pro-
videdthe greatestombinedcoverage.This primarily con-
sistedof the threeviewpointsfrom the SEI model. An ad-
ditional viewpoint, from the RationalADS, wasincludedto
complementhe SEImodelwith viewpointsfocusingonthe
enduserandstandardvriters.

We found that the combinedcoverageof the suneyed
modelsdid not cover the entire software architecturedo-
mainand,therefore no setcouldbe selectedvith complete
coverage.

2 Background

In this sectionwe will answerseveral questions.What
arethe structuresof softwarearchitectur@ Whatis an ar
chitecturaldescription?Who arethe systemstaleholders?
What arethe staleholderconcerns?The answergo these
guestionswill provide a foundationon which to build a
classi cationof software architecturedocumentatioriech-
niques.

2.1 What are the structures of software
architecture?

Anotherde nition of software architecturels provided
by Bassetal. [2, p21]:

“The softwarearchitectureof a programor com-

puting systemis the structureor structuresof the

system,which comprisesoftware elements.the

externally visible propertiesof those elements,
andtherelationshipsamongthem?

This de nition is similar to one proposedy Perryand
Wolf [12], asbothde ne softwarearchitecturan termsof



elementstheir propertiesandrelationships However, they
suggesthatthe software architecturedescriptionis a con-
sequencef early designdecisionsandso the rationaleis
externalto andnota partof thearchitecturdtself.

The componentand connectorsiescribedn the struc-
turesprovide us with a classi cation of the basicconcepts
of softwarearchitecturego be documented.

In additionto thestructureof softwarearchitecturesys-
temsoften sharecommonpatternsof organization,called
architecturabktyles[13, p20]. Someof the mostcommon
thathave beenidenti ed anddescribedaretheclient-serer,
pipe and lIter, object-orientedand layeredstyles. Each
style can be de ned by the type of componentsand con-
nectorsof whichit is comprisedandthe constrainton how
theseelementganbecombined.Thismeanghatastylecan
bedescribedn termsof thestructureghatit utilizes. For in-
stancethe object-orientedtyleis basedn decomposition,
usesandabstraction.Oneadwantageof architecturabtyles
is thatthey have known quality attributes. This allows an
architectto selecta stylebasednthe systenrequirements,
in insteadof inventinganarchitecturdrom scratch2, p25].

A list of the software architecturestructuresfound in
softwaresystemg2, p39-40]canbefoundin Tablel. The
architecturaktructuresepresentedh this list canbeiden-
ti ed from theirassociate@lementsandrelationships.

2.2 What is an architectural description?

ThelEEE hasde ned astandardor thearchitecturatie-
scriptionof software-intensie systemsJEEE 1471[8]. It
includesa conceptuaframenork to supportthe description
of architecturesandtherequiredcontentof anarchitectural
description.The standardvasdevelopedfrom a consensus
of currentpractices.lt includesthe useof multiple views,
reusablenodelswithin views, andtherelationshipof archi-
tectureto the systemcontext.

The importantde nitions from this standardare asfol-
lows:

Ar chitectural Description A setof views and additional
architecturalnformation.

Stakeholder An individual, groupor organizatiorthathas
atleastoneconcerrrelatingto thesystem.

Concem A functionalor non-functionarequirement.

View A setof modelsrepresenting systemfrom the per
spectve of arelatedsetof concerns.

Viewpoint Thecorventionsfor creating,depictingandan-
alyzingaview.

Model A particulardiagramor descriptiorconstructedol-
lowing the methodde ned in aviewpoint. 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 1471-2000 [8].

vide the speci ¢ descriptionof the systemwhich can
includeidenti able sub-systemandelements.

Models are the particularrepresentationsf a system.
They canbedescribedisingarchitecturabktyles,which are
well knawn andcommonlyunderstoodarchitecturarepre-
sentationg4, p18] As aresult,a propertyof a modelwill
be the architecturaktructureshatit canrepresentFor in-
stance,a model that usesa layeredstyle mustbe able to
representhe “allowed-to-userelationship. A measureof
the models,for which a given viewpoint establishesneth-
ods,is the structureghatthe viewpoint canrepresent.

The relationshipshetweentheseconceptsare shovn in
Figure 1. This shows a subsetof the framavork described
by the IEEE 1471 Only thoseconceptghat arerelatedto
theviewpoint areshovn becausehey arethe conceptghat
will be relevantwhen classifyingviewpoints. One excep-
tion to this is the omissionof the Library Viewpoint. In
this paperall viewpointsconsideredreprojectindependent
and,thereforethey areall library viewpoints.

The relationshipbetweenmodelsand concernswithin
a viewpoint can be explicitly or implicity de ned
[14]. An explicit relationship species the concerns
and their associatedmodels, for example as in the
ISO ReferenceModel [9]. An implicit relationshipis one
from which the relevantconcernscanbe inferredfrom the
diagramsandmodelsincluded for exampleasin UML [3].
In this paperwe look only atexplicit relationshipsbecause
it is relatively easierto identify the relatedconcernsand
staleholderdor eachviewpoint.



2.3 Who arethe systemstakeholders?

The staleholdersof a given systemarede ned, for this
study as ary individual, group, organization,or external
systenmthatcanin uence therequirement®r constraintof
the system.However, without a speci ¢ systemwe cannot
identify particularstaleholders. We cande ne the stale-
holdersby their rolesof interactionwith software systems
in general.

Severalsetsof staleholderrole classi cationshave been
described. In IEEE 1471 the staleholderroles include
clients, users,architects,developersand evaluators. This
is a very generalclassi cation and doesnot provide ade-
guatede nitions of the rolesfor the analysiswe will per
form. An alternatesetis provided by Clementset al. [4],
andtherolesthey describearefocusedon the consumersf
softwarearchitecturelocumentationTheseroleswill make
the analysisof viewpointspossiblebecausehey cover the
staleholderghatareaddressedly theviewpoints.

A list of therolesof variousstaleholderd4, p10-11]Jcan
befoundin Tablel. As canbeseerfrom thislist, thestale-
holdersof ary softwaresystemcanbe extremelyvaried. It
is likely thattheir usesof ary architectureelateddocumen-
tation will be equally varied becausehey are de ned by
their interactionswith software systems.Eachstaleholder
will requiredocumentatiorio show the relevant structures
pertainingto their uses.For instance,Testersoften usethe
documentatiorto determinethe functional 'black boxes'
andthe testability of the system. They will wantto seea
descriptionof the systemin termsof the functionality de-
composition.

Two notableomissiondrom this list of staleholdersare
the End Userandthe Customer Thesehave probablybeen
left out becausehe authorshave focusedon thosestale-
holderghatneedio communicatearchitecturalnformation.
The surwey of viewpoint modelsmay speci cally identify
thesepr other additionalstaleholders.

2.4 What arethe stakeholderconcems?

Softwaresystemsareimplementedo meetthe concerns
of the staleholders. Concernscan also be called stale-
holderrequirementsyhich canincludefunctionalandnon-
functionalrequirements.

The functionalrequirementaredif cult to classifybe-
causeherangeof functionalityis asvariedasthe rangeof
softwaresystems.

However, staleholdersarealsoconcernedvith the dis-
tribution of the functionality within the system which can
be describedn termsof architecturaktructures.The qual-
ity attributesof thesestructuresandtheir relationshipscan
be mappeddirectly to the non-functionalrequirementsof
thesystem.
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Thenon-functionarequirementincludeall thosestale-
holderrequirementshatarenotdirectly concerneavith the
servicesthe systemis to provide. Among the setsof non-
functionalrequirementshathave beendescribeds a com-
prehensieclassi cationdetailedoy Sommerville[15]. The
authorlists twelve typeswhich are further classi ed into
product,organizationabndexternalrequirements.

A list thatincludesthetypesof Non-FunctionaRequire-
mentg[15, p101]canbefoundin Tablel. Thislist provides
uswith aclassi cationthatshouldcover all the staleholder
concerns.

2.5 Summary

As we have seerfrom the IEEE 1471 conceptuaframe-
work, an architecturaldescriptionconsistsof views and
modelghataregeneratedrom theselectediiewpoints. The
selectionof viewpointsis basednthe staleholdersandthe
concernghey have with the systemto be documentedWe
have also seenthat the staleholders,concernsand struc-
turesof a systemcanbe classi ed and, therefore we have
amethodfor comparingtheviewpointsprovidedin various
viewpointmodels.

3 RelatedWork

Several reviews of architecturedocumentatiorhave 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
describingsoftwarearchitecturethe SEl setof views. The
authorsalsoexaminedalternatedocumentatiomodelsand
comparedhemwith themodelthey have detailed4, p343]
This comparisorwasachieved by identifying the elements
andrelationsaddressedtly eachof the alternatenodelsand
translatinghesento thecorrespondingerminologyin their
viewpoint model. The modelscomparedincluded; three
viewpointmodels|EEE 1471 Uni ed ModelingLanguage
(UML), data and control ows, 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
bettercomparisorto usea list of structureghatwasinde-
pendenif ary model. This list could thenbe expandedf
additionswerefoundin ary viewpointmodel.

As canbeenseenfrom thelist of modelsnotall of them
canbeclassi edasviewpointmodels.Theauthorsalsorec-
onciledthedocumentingrocesghatthey detailedin terms
of IEEE 1471andmappedhe modelsthey describedo the
C4ISRproducts.



Another review of viewpoint modelswas provided by
Smolandein the paper‘What is includedin SoftwareAr-
chitecture” [14]. The authorsuneyed a range of doc-
umentationmodelsand frameaworks and conducteda sur
vey of softwarearchitecturelocumentatiompracticesn the
Telecommunicationsndustry The modelsreviewed in-
cluded; three viewpoint models, IEEE 1471, Zachmans
framework, and someadditional frameworks that are not
speci cally viewpointmodels.

Smolanderthen suneyed three organizationson their
methodsof software architecturedocumentatiorand con-
ductedworkshopswith the organizationsleadarchitectgo
analyzetheir approaches.

He concludedhatthe factorsaffecting viewpoint selec-
tion include staleholders,quality attributes, the technical
developmentervironments,the work division within the
organization,and the developmentmethodology Whilst,
theseare not explicitly statedin termsof the IEEE 1471
conceptuaframenork, eachof theseitemscanbetracedto
astaleholderor aconcerrrelatingto thearchitecturaktruc-
ture. Thissupportgheselectiorof theclassi cationmethod
chosenin this paper

Oneof the modelsthat Smolandereviews is the Infor-
mation SystemsArchitecture(ISA) framework, originally
proposedy Zachmarandextendedby SavaandZachman
[17]. Thisprovidesaclassi cationsystenfor thedocumen-
tationof softwarearchitectureeonceptsgdevelopedromthe
building architecturenetaphor

Whilst theISA framework providesuswith amorecom-
prehensie classi cationsystemfor the documentatiorof a
softwareproject,the perspectiesandconceptsaretoo gen-
eralizedfor acomparisorwith the IEEE framework. In ad-
dition, the framawvork providesno modelsor structuresy
which to classifythe cells. In essencethe ISA framewvork
is analternatve to the IEEE 1471, but with a wider scope
andat higherlevel.

Another framework for architecturedescriptionis the
U.S. Department of Defense Architecture Framavork
(DoDAF) [1], whichis the successoto C4ISR.Whilst this
frameawork de nes views and products,that correspondo
viewpointsandmodels theframeavork doesnotaddresshe
views relevant for the implementationof the systemasa
softwarearchitectureandsoit notbeenincludein this sur

vey.
4 Survey of Viewpoint Models

In this sectionwe describea framework for comparing
viewpointmodelsandprovide anoverview of eachmodel.

The analysisof the modelswas accomplishedy com-
paringeachof their viewpointsagainstthe framework ref-
erencdists. By identifying the framework elementselated
to eachviewpoint, we were ableto summarizethe frame-
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work coverageby viewpoint modeland comparethem by
thedifferentelementghey address.

Themodelsselectedisedifferenttermsfor a viewpoint,
suchasviews andviewtypes.Eachmodelwill bedescribed
in the languageof that model, but the comparisorwill be
madein thelanguageof the framework.

4.1 Aframework for comparingviewpointmodels

The comparisorframenork usedin this paperis based
on the conceptuaframewvork in IEEE 1471, asis the only
standardfor architecturaldescriptionidenti ed. For each
of theviewpoints,theassociategélementsanbeidenti ed.
However, theseelementsmay not have an exact matchin
theframenork andsoeachidenti ed elemenimustbetrans-
latedinto thetypesde nedin theframework. Theinitial el-
ementof thecomparisorframenork areshavn in Table1.

It may be possibleto identify new elementghat cannot
betranslatednto the framewnork elementsin this case the
framework will beupdatedo incorporatehenew elements.
Thiswill allow usto expandtheframavorkto accommodate
all theviewpointsfrom all themodels.

4.2 Kruchten's“4+1” View Model

This modelconsistsof multiple, concurrentviews, that
allow the different stalkeholderconcernsto be addressed
separately The modelincludes 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].



Table 1. The elements of the initial comparison frame work.

| Structures | Stakeholders | Concems ]
Decomposition | ArchitectsandRequirement&ngineers Usability
Uses Sub-SystenArchitectsandDesigners Performance
Layered Implementers Space
Abstraction TestersandIntegrators Reliability
Process Maintainers Portability
Concurreng ExternalSystemArchitectsandDesigners Delivery
SharedData Managers Implementation
Client-Serer ProductLine Managers Standards
Deployment Quality Assuranceleam Interoperability
Implementation Ethical
Work Assignment Privacy
Safety

Theseviews areeachdescribedy ablueprintandcanbe
representedly variousstyles. The modelis generic,sothat
the views canbe describedusing alternative notationsand
designmethods Themodelalsoincludesdetailsof how the
views arerelatedanda processor developingthecomplete
setof views.

Kruchtenervisagedaniterative procesdor architecture
design,startingwith the descriptionof the critical scenar
ios. The architectcan then identify the key abstractions
from the problemdomainand modelthesein the Logical
View. Logical classe€anbe mappedo modulesandpack-
agesin the DevelopmentView, andto tasksandprocesses
in the ProcessView. Finally, the processeand modules
can be mappedto the hardware in the PhysicalView. In
eachsubsequeriterationadditionalscenario@remodeled,
following this sequenceyntil thearchitecturédbecomesta-
ble. Thisusuallyoccurswhenno new key abstractionssub-
systemsprocessesr interfacesarediscovered.

From the above processt is evidentthat the views are
not fully independent.It would be dif cult to modelthe
views without rst having proceededhroughthe scenar
ios andlogical views. Furthermorethe views of the “4+1"
view model conformreasonablywell to the viewpoints of
the IEEE 1471. However, the views of this modelrely on
aniterative procesgo createthem.

4.3 The SEI Viewpoint Model

The SEI model of software architecturedocumentation
hasbeenwell documentedand this review is basedon a
papei5], atutorial [6], andabook[4]. In thesedocuments
the modelis detailedandprocessesescribedor choosing
views anddocumentinghearchitecture.

The procesof documentinghe architectureconsistsof
documentingthe relevant views and ary additionalinfor-
mationthat correspond$o morethanoneview. However,
someviews are too complex to shav in one representa-
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tion, sothey canbe broken down into a numberof view-
paclets. A viewpaclet is the smallestpiece of informa-
tion a staleholderrequires,which can be representedy
oneor morestyles.For instancea singleviewpacket could
shav a whole systemat a high-level, anda numberof ad-
ditional viewpaclets could be usedto show the individual
sub-systemi greaterdetail.

The SEI modelincludesa templatefor the contentsof a
viewpaclet,sothatit will complywith thelEEE 1471 This
consistsof a primary representationan elementcatalog,
a contet diagram,a variability guide, architecturalback-
ground,non-architecturainformation,andthe relationship
to otherviewpaclets.

The list of styles,andviews, which canbe usedto rep-
resentthe systemis basedon the structureof the system
itself. This canbelargein complex systemsTo reducethis
list, the needsof the staleholdersmustbe takeninto con-
sideration,and lessrelevant stylescan be omitted. How-
ever, the speci ¢ requirement®f staleholdersvariesfrom
projectto project. The staleholdersassociatedvith each
of the viewtypes have beenadaptedfrom the table pro-
videdin Chaptemine “Choosingthe Views” of the source
book [4, p301] Only thosestaleholderswho requirede-
tailed information for the viewtype have beenshown, be-
causehesearethe primarytargetof theviewtype.

The stylesof the SEI model are relatedto eachother
within their viewtypes. However, thereis limited interac-
tion betweenthe viewtypesbecauseof the differenttypes
of elementghatthey shav. The exceptionis theallocation
viewtype,which mapsthemodulesdenti ed in themodule
viewtypeto elementsn the externalervironments.

The SEI model extendsIEEE 1471 The authorshave
developedthis modelasa practicalmethodof documenting
softwarearchitecturehatcomplieswith the standardThey
proposeahatarchitecturabtylescanbeusedasanadaptable
setof modelsthat can changeas the patternsof software
architecturesvolve.



As we have alreadyseen the particularstaleholdersof
a systemdeterminewhich views should be documented.
Thisis truefor boththe IEEE standarcandthe SEI model.
IEEE 1471 speci es that systemstaleholdershave view-
pointswhich areusedastemplatedo generateviews, when
appliedto the system. The SEI model utilizes stylesto
determinethe views of the systemthat can be generated.
The staleholderrequirementsare then usedto reducethe
numberof views requiredin the documentpackage.Each
methodhasa differentstartingpoint, but both canresultin
the samé'stakeholdercentric” setof views.
4.4 1SO Reference Model of Open Distrib uted
Processing

The ReferenceModel of Open Distributed Processing
(RM-ODP)providesa framawork for the standardizationf
opendistributed processing.The aim of the frameawork is
to developstandardgor thedistribution of informationpro-
cessingservices. It is independenbdf ary applicationdo-
main.

The RM-ODPframawvork is basedn the supportfor the
speci cationof commonservicesandinfrastructurecompo-
nents. The systemspeci cationis divided into viewpoints
to simplify thedescriptionof complex systemsandseparate
the concerns.The ve viewpointsidenti ed by the model
are the enterprise jnformation, computation,engineering,
andtechnologyviewpoints. A setof generalconceptsand
rulesarede ned for eachviewpoint, anda languageo ex-
presshem. They canbe developedseparatelyhilst speci-
fying the constraintghatthey placeon eachother Thereis
no sequencer iterationimpliedin theviewpoints.

The framework includesthe speci cationof transparen-
cies,whichfactoroutconcernandsimplify theviewpoints.
They are standardnechanismselectedto solve somere-
guirementdor a partof the system.For example,a persis-
tencetransparengremovesthe needto shav the deactva-
tion andreactvationof softwareelements.

Thereareno stalkeholdergdenti ed for any of theviews
of this model. However, the RM-ODP statesthatit is de-
signedto meettheneedof systemdevelopersiranslatedas
implementersandstandardvriters.

TheRM-ODPdoesnotspecifyary links betweenviews.
However, if a setof views shav aspectf the samesys-
tem, thenthey musthave correspondencesThe relation-
shipbetweerelementsf differentviews shouldbe de ned
by translationrulesin orderto provide veri cation of the
overall softwarearchitecture

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

“a single computationalinterface cannotbe di-
vided into separateengineeringinterfacessup-
portedby unconnectedhannektructures.
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The RM-ODP provides a language for describing
softwarearchitectureandnot a notation. Although, it was
speci cally developedfor the distributedsoftwaredomain,
its coverageof concernsaandstructureshows thatit is also
applicableto muchof softwarearchitecturén general.The
emphasison de ning standardanguagese ects the bias
towardsinteroperabilitybetweerdomainsandnoton stale-
holder communication. This modelis primarily to enable
communicationbetweendevelopersof different systems,
andnot betweerptherstaleholdersof the samesystem.

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 authorsfound
that the structuresusedto designand documentsoftware
architecturefall into four broadcategories,which they call
conceptualmodule, executionand code structures. Each
catgyory addressedifferentstaleholderconcernsin addi-
tion, they found that whenthesecateyoriesare addressed
separately the implementationcomplexity of systemsis
decreasednd the re-useand recon guration of software
is improved. To separatethe cateyories, they proposed
thatsoftwarearchitectureshouldbe documentedisingfour
views, eachof which address differentcateyory of struc-
tures,seeFigure3.



Thefocusof thismodelis onthedesignapproacHor the
software architect. As a result,the modelfails to address
theotherstaleholdersxplicitly.

The four views of this modelarelooselycoupled. The
design o w follows the information passedetweenviews
starting from the conceptualview. The feedbackresults
from the testing of views for conformanceto the non-
functionalrequirement®f thesystem.

Several importantmappingsof structuresare explicitly
de ned in the designapproach.Conceptuaktructuresare
“implemented-by’'modulestructuresand“assigned-to’ex-
ecutionstructures. Module structurescan be “located-in”
or “implemented-by"codestructures.CodeStructuresan
con gure executionstructures.

The Siemendour view modelignoresthe explicit con-
cernsof the staleholdersptherthanthe softwarearchitect.
However, the otherstaleholderamay be addressedmplic-
itly by the concernssatis ed by eachof the views. This
re ects thefocusof the modelon the architects designap-
proachandnot on thedocumentatiofior communication.

4.6 Rational Architectural Description Speci ca-
tion (ADS)

The RationalADS is an expansionon the “4+1” model
to enablethe descriptionof more complex architectures,
suchasenterpriseg-husinessembeddedystemsandnon-
software systems. It was rst de ned in November2000
andis now taughtaspartof Rationals course‘Principlesof
ArchitectingSoftware SystemgqPASS)".

It featuresa formal de nition of requirementsevolu-
tion andarchitectureaestability andutilizes UML notation
wherepossible. Therationalefor the architecturenuststill
bedocumentedeparately

The views of the “4+1” model have beenpartially re-
namedandfour new views de ned. TheScenarioview has
becomethe Use Caseview, the Developmentview hasbe-
comethe Implementatiorview, andthe Physicalview has
becomethe Deploymentview. The nine views have been
groupedinto four viewpoints, seeFigure 4. The views of
eachviewpoint correspondo the modelsof the [IEEE 1471
framawork in the Rational ADS. The consisteng of ele-
mentsin differentviewsis maintainedy explicit mappings
betweenthe views. The contect of lower viewpoints are
providedby the mappinggo higherviewpoints.

As can be seenfrom the explicit mappingsbetween
views shavn in Figure4, theNon-FunctionaRequirements
View is only loosely coupledto the otherviews. Usually
it is depictedasa list of requirementandtheir properties,
suchaspriority or category. Asit is notlinkedto ary of the
structuralviews of softwarearchitecturet hasbeenomitted
whendeterminingthe concernsaddressedly this model.
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Figure 4. The Rational ADS: Viewpoints and Views.
Adapted from a presentation slide [11].

5 SurveyFindings

In this sectionwe will look atthe coverageof theframe-
work elementsby the viewpoint models, the correspon-
dencebetweemmodels,andthedivergenceof the models.

5.1 Framework coverage

Coverageis a measureof the extent to which the ele-
mentsof a domainareaddressedIn this case.eachmodel
was assessethy determiningthe coverageas the sum of
all the elementsof the framework acrossall viewpoints.
Coveragewas determinedindependentlyfor eachof the
framawork conceptsof staleholder concernand architec-
turestructure.

The coverageof the framewvork information spaceis
shavn in Table2. This lists the numberof framework con-
ceptscoveredby the ve viewpoint modelssuneyed. The
numberof viewpointswithin eachmodelthataddressach
of theframawork elementsareshovn in Tables4, 5 and 6.

Thegreatestoverageof staleholderds achievedby the
RationalADS. Thisis primarily becaus®f the numberand
variety of views detailedis greaterthanin ary of the other
models.The“4+1" andSEImodelsalsofocuson satisfying
thedocumentatiomeedof thestaleholdersand,asaresult,
alsoprovidesgoodcoverage.



Table 2. Concept coverage of the surveyed viewpoint
models.

Table 3. The correspondence of structures between the
viewpoints from diff erent models.

| Model | Staleholders| Concerns| Structures| | Functional |
“4+1" 7 7 11 Structures Decomposition, Uses, Layered,
SEI 8 9 11 Abstraction
RM-ODP 2 9 9 “4+1" model Logical view.
Siemens 1 7 9 SElmodel Moduleviewtype.
RationalADS 9 10 10 Siemensnodel | Moduleview.
[ Framavork | 1 [ 12 [ 11 ] Behavioral |
Structures Process,Concurrenyg, SharedData,
TheRM-ODPandthe Siemensnodelprovidelittle cov- Client-Senrer.
erageof the staleholders.The focusof the RM-ODPis on “2+1" model Processiew.
de ning the languageof architectureand not on de ning SEImodel C&C viewtype.
the staleholders.The Siemensnodelis focusedon the de- Siemensmodel | Executionview.
signapproachor softwarearchitectureandso eachview-
point is treatedprimarily from the architects perspectie. | Bxternal
Neitherof thesemodelsexplicitly relateviewpointsto the Structures Implementation\Vork Assignment.
staleholdershut they doimplicitly satisfythe staleholders “4+1” model | Developmentview.
via theconcernghatthemodelsaddress. SElImodel Allocation viewtype.
The coverageof the concernsand structuresshow less Siemensnodel | Codeview.
variationthanfor the staleholdersbecausell the models RationalADS | Realizationviewpoint.

recognizethat software architectures composedf struc-
turesandconstrainedy concerns As aresult,eachmodel
includesenoughviewpointsto describea completesoftware
architecture

Additional elementswere identi ed that were not in-
cludedin the original comparisorframewnork. Thesecon-
sistedof two new staleholderswhich wereendusersfrom
the “4+1” view model and Rational ADS, and standards
writers,from the RM-ODP.

5.2 Correspondencdetweenviewpoints

Somecorrespondencexists betweenthe viewpoints of
the different models, most notably in the distribution of
structuresaddressebly theviewpoints.If thesearegrouped
into functional,dynamicandexternalstructuresye cansee
that threeof the modelshave a good correlation. Table 3
shaws the correspondingiewpointsof the“4+1", SEland
Siemensmodelsbasedon a rough groupingof the struc-
tures of software architecture The one structurenot in-
cludedis deploymentbecausdhe modelsshov no agree-
mentonhow it shouldbegroupedwith otherstructuresThe
“4+1" modelsetsit apart,the SEl modelshavs it asexter-
nal, the Siemenanodelgroupsit with the behaioral struc-
tures,andthe RM-ODP spreadsieploymentacrossseveral
viewpoints.

The Rational ADS addresseshesestructuresin a dif-
ferentway to the othermodels. Eachof its viewpointscan
represenbothstructuraindbehaioral aspect®f thearchi-
tecture.Thisresultsin abroadersetof structureghatcanbe
representetdy eachviewpoint. The exceptionto thisis the
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realizationviewpoint which mapscloselyinto the external
group.

The viewpointsof the RM-ODP do not correspondvith
thesegroupings. This is becausat is primarily a frame-
work for de ning the language®f the viewpoints. These
languagesare basedon a wider set of domainsthan the
other models, which are basedprimarily on the software
architecturedomain. This blurs the boundariesbecause
structurecanappeain differentgroupingsin differentdo-
mains.

5.3 Divergenceof models

Themodelsvaryin differentfoci, whichre ect their pri-
mary purposes.The SEl modelis biasedtowardscommu-
nication, the “4+1” and Siemensmodelsas biasedtoward
design,the RM-ODP is biasedtoward developmentacross
domains,andthe RationalADS is biasedtowardsrequire-
mentsevolution andtestability

The SEI modelconsistsof relatively independentiew-
points,comparedo the othermodels. This allows a docu-
mentationpackageo be createdndependentlyor the dif-
ferentstaleholders.

The “4+1” and Siemenamodelsinclude o ws of infor-
mation betweenthe viewpoints. This supportsthe design
approachethatthey suggest.

The Rational ADS containsspeci ¢ mappingsbetween
elementf relatedviews. This providesanimplicit design

o w throughthe four viewpoints. This modelalsosupports
the descriptionof the businesscontext of the system. It is



Table 4. The number s of viewpoints that address the stakeholder s of the comparison framework.

Stakeholder Role “4+1" | SElI | RM-ODP | Siemens| Rational ADS
Numberof Viewpoints 5 3 5 4 4
Architects/ Requirement&ngineers 1 3 0 4 3
Sub-Systenfrchitects/ Designers 3 2 0 0 4
Implementers 3 2 5 0 3
Testerd 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
Product_ine Managers 1 1 0 0 2
Quality Assurancfeam 0 0 0 0 0
EndUser 2 0 0 0 3
StandardNriters 0 0 5 0 3

the only modelto addressusability and quality assurance,
usingthe userexperienceandtestviews respectiely. This
demonstratethe greaterscopeavailable from the number
of views detailed.

The RM-ODP speci cally addressethe structureof the
informationwithin the systemandthe businessoliciesrel-
evantto the system.Theinclusionof thesetwo viewpoints
shavsthe greaterscopeof thedescriptionervisagedby the
model. The depthof the viewpoint languagesllows this
modelto be usedas a standarddictionary for describing
softwarearchitecturen detail.

In thesewaysthe modelsshov how they focuson differ-
entaspect®f documentingsoftwarearchitecture

5.4 Optimal framework coverage

The veviewpointmodelseachprovide a differentcov-
erageof theframework concepts A usefulresultwould be
to determinea minimal setof viewpointswith the greatest
coverage. This can be approachedy determiningwhich
viewpointsfrom differentmodelscan be combinedinto a
new set,andidentifyingthesmallesketto providethe max-
imum coverage.

The biggestbarrierto combiningviewpoints from dif-
ferentmodelsis theinterrelationof viewpointswithin each
model. The “4+1” includesa strongdata o w from one
modelto another startingfrom the scenariosaspartof an
iterative approach.Thereis a similar data o w throughthe
viewpointsof the Siemenanodel,but thesearelesstightly
coupled. The RationalADS alsohasa strongdependeng
as the context for the lower viewpoints are provided by
the higherviewpoints. The viewpoints of the SEI model
andthe RM-ODP arerelatively independentandde ning
ary translationsbetweenthe viewpointsis deferredto the
level of thearchitecturatlescription As aconsequencehe
viewpointsfrom the latter two modelsare the bestcandi-
datesfor meming.

22

To provide a minimal setof viewpointswe mustlook at
the coverageoverlapbetweerthem. First we mustselecta
basemodelto enhanceandthenaddadditionalviewpoints
to coverthe missingconcepts.

Thebestchoicefor abasemodelis the SEI model. This
containsndependentiewpoints,andoverlapswell with the
“4+1" andSiemensnodels.Whilst the SEI modelprovides
completecoverageof the structuresijt doesnot satisfythe
staleholdersof enduseror standardwriter. Neitherdoesit
satisfythe concernf standard®r safety Standardsand
implicitly standardwriters,andenduserscanbe addresses
by inclusionof therequirementsiewpoint from the Ratio-
nal ADS. This is the highestviewpoint of the modeland
so is not dependanbn the other viewpoints. The safety
concernis only explicitly addressedh the Siemensmodel
conceptualiiewpoint. However, we do not needto include
this viewpoint becaus¢he componenaindconnectoniew-
pointscanbeusedto addresshis concern16, p5].

Theresultingoptimumsetof viewpointswith the great-
estcoverages asfollows:

Requirementsiewpoint, from RationalADS.
Moduleviewtype,from SEI model.
C&C viewtype,from SEImodel.

Allocation viewtype,from SEImodel.

The selectedsetdoesnot cover the entiredomainof the
comparisorframewnork. None of the modelssuneyed ad-
dressthe ethicalconcerns.The RationalADS could be ex-
pandedo covertheethicalconcernsisingtherequirements
viewpointto specifytherelevantbusinessulesandpolicies.

The RationalADS veri cation viewpoint, which hasnot
beenincluded,doessatisfythequalityassuranceeam butit
is dependanbntheotherviewpointsof themodelto provide
its context. Furtherinvestigationcould determinewhether
this viewpoint could be adaptedo satisfythis concernin-
dependently



Table 5. The number s of viewpoints that address the concerns of the comparison framework.

Concem “4+1" | SElI | 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 papershaws that the differentvocalulariesof the
viewpoint modelscan be comparedvia a commonrefer
encevocahulary. The viewpoints from different models,
when combinedinto an optimum set, can provide greater
coverageof the software architecturedomainthanary of
theindividual viewpoint models.

The optimum viewpoint setwas selectedfor the com-
binedcoveragethatthey provide andtheir relative indepen-
dence. However, they mustbe connectedn someaspects
becausehey candescribethe samearchitecture No effort
wasmadeto determingheinterrelationof this optimumset.

Therearetwo limitations with the comparisorof view-
pointsby staleholders.First, the resultswere obtainedby
using an initial arbitrary referencelist. However, the list
was selectedrom one of the modelsto be compared. A
morerigorousmethodwould have beento compilea com-
pletely independentvocalulary for the referencdist. The
secondimitation arisesin two of themodels theRM-ODP
andthe Siemenganodel,becausahey do not explicitly re-
latestaleholdergo theviewpoints. Theidenti cation of the
staleholderssatis ed by eachviewpoint could have been
achievedby investigatingherelationshighetweerconcerns
andstaleholdersThestaleholdersvould beimplicitly sat-
is ed if all their concernswereaddressedby a viewpoint.
The additionalanalysisrequiredto overcometheselimita-
tions of the staleholdercomparisorwas beyond the scope
of this paper

5.6 Further reseach
As hasbeenpreviously stated,the scopeof this paper
was limited. Additional effort could have beenexpended

in identifying a more authoritatve set of framavork ele-
ments. In addition, the identi cation of the implicit con-
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cernsandstaleholdersaddressedly eachof theviewpoints
would have enableda more accurateidenti cation of the
optimumset.

A useful exercisewould be to verify the selectedopti-
mumsetof viewpoints. This couldbeachiezedby modeling
systemgrom casestudiegpublishedn thesourcditerature.
If thissetdoescoverthe ve modelssuneyedthenit should
be possibleto modeleachcasestudywith the optimumset
of viewpoints.

An additionalavenueof researchwould beto studythe
useof architecturatransparencie$rom the RM-ODP, with
the selectedviewpoint set. This featurecould provide an
effective way to simplify the documentatiorof software
architecture
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