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Abstract

RequiementsEngineering (RE) deals with the early
phasesof softwae engineeringnamelyrequirementelici-
tation, modeling specificatiorand validation. Architecture
of a softwae systememphasizethe structural constaints
imposedon the application. Potential reusein the form of
softwae patternsare available for softwae designes to
structuie their applications. This paper proposesa pat-
tern orientedmethodolgy for softwae development.Us-
ing this approach, the skeleton of the application can be
perceivedup-front by usingknowledg@ of previouslyiden-
tified patterns. Functionalrequirrmentsof the application
cansubsequentlipe madeevolvingaroundthis basicstruc-
ture. The methodolgy thus bridges the gap betweenre-
guirementsspecificationand the architecture of the appli-
cation. This approach not only leadsto highly flexible and
reusabledesignsolutions,but also providestraceability of
requirrmentdn designsolutionsmakingmaintenancdess
tedious.

Keywords: Requiement€Engineering(RE), Softwae
Architecture, DesignPatterns,Architectural Patterns

1. Intr oduction

Architecturegainedmportancen softwaredevelopment
processas a powerful meansof software abstraction. To
a greatextent, architectures distancedaway from the de-
tails of the system. Potentialreusein the form of interac-
tion modelingis capturedin patternsat varying levels of
granularity Patternsenabledesignerdo capturethesein-

teractionsasreusableartifactsin software designprocess.

Theseinteractionsn turn provide a structurefor the entire
application. In otherwords, patternsdeal with the archi-
tecturalaspect®f a softwaresystem.Commonlyoccurring

patterndn softwaresystemshave beencategorized. Archi-

tecturalpatternexpresses fundamentaktructuralorgani-
zation for the software systemby providing a set of pre-
definedsubsystemsnd their responsibilities. It alsoin-

cludesrulesandguidelinesfor organizingtherelationships
betweerthesesubsystem{8]. Objectorientationfacilitates
reuseof classeswithin and acrossapplications. General-
izationandaggreyationhierarchieenablethis. Designpat-
terns[7] are basedon theseprinciples. The fundamental
structureof the entire softwareis not governedby design
patternsBut they do influencethearchitectureof a subsys-
tem.

Software developmentmethodologiespracticedtoday
fail to addresghe synegy betweenthe requirementengi-
neeringprocessand architecturaldesign. Traditional sys-
tem developmentmethodologiedik e waterfall model fol-
low a sequentiaktep. The requirementsre capturedfirst
andonly upon completionof this step,designand subse-
guentstagesn the developmentprocessareaddressedre-
guirementelicitation mainly concentratesn the functional
aspectof the system.Unlessthe collaborationsamongthe
entities directly contribute to the functional aspectsthey
arenot adequatelycapturedduring this phase.We propose
a developmentmethodologywhereinthe systemsstructure
in termsof the collaborations,is capturedat the require-
mentsphasdtself by intuitively understandinghe interac-
tionsamongtheparticipantsandrelatingthemwith thepre-
viously known patterns. This givesa skeletonfor the ap-
plication’s solutionat a higherlevel, which canfurther be
refinedto lower level patterns.

Patternsareavailableat varyinglevelsof granularityfor
the above mentionedapproacHh5, 7, 8]. Architecturalpat-
ternsguideusin giving a structurefor the software. Gang-
of-Four (GoF) patternsaddresdgssuescloseto code. The
sameprincipleswhichform thebasisof thesepatternscould
aswell beappliedat anabstractevel in the designprocess.



Choosingan appropriatestructurefor the applicationup-
front, constrainandboundsthe designspace Also, choice
of a patterncorveys the semanticof the application. The
characterizatiorof applicationin termsof patternsdo not
stick to any formal definition of that pattern,but they do
cornvey muchmoreaboutthestructureaswell ascomputing
model.

Creatinganexhaustve setof patterndor the entiresoft-
waredomainis aneverendingprocessAlso, it is notpossi-
bleto have acompletepatternianguageo designasoftware
system.In suchcasesthedesignshouldbebasecbnthere-
lationshipbetweertheentitiesidentifiedduringtherequire-
mentsphase Dependingontheproblemdomaininvolved,a
hierarchyof patternsandarelationshipbetweerthemcould
be figured out. As this processattainsmaturity; it could
leadtowardsvaluabledesignguidancen theform of ade-
signhandbookor theorganizatiorfor specificdomainsand
specificconcerng4] similarto theonesavailablein mature
engineeringlisciplines.

The paperis organizedasfollows. Section2 detailsthe
importantactvities in requirementengineering. Section
3 introduceghe patternorientedsoftwaredevelopmentlife
cyclemodel. Sectiord explainssoftwaredesignasapattern
compositionproblem. The approactproposedn Section3
is explainedin Section5 usinga smallcasestudy Section6
providesa comparatie accountof relatedwork. Section7
concludeghe papermwith adiscussioron a few ideaswhich
includesoutstandingssuedor furtherwork.

2. Requirementsengineering

Requirementengineeringlealswith the earlyphase®f
softwareengineerinqiamelyrequirementglicitation,mod-
eling, specificationandvalidation[6]. We couldemploy a
variety of techniquedor this suchasinterviewing, use-case
modeling,essentiaprototyping,ClassResponsibilityCol-
laborator(CRC) modelingetc. Irrespectve of the model-
ing techniquesised the basisof the activity remainssame.
Requirementanalysisresultsin domainclasses.Domain
classeslongwith framework classedeadto classmodels.

Extractinginformationout of problemspaceitself may
notbe easyin somecasesConceptsn problemspacemay
not necessaril\pe translatedo concreteobjects. This may
be dueto the fact thatrealizationof requirementsnay re-
quire multiple classes.Ambiguity in problemspaceneeds
to beresolhedbeforemoving onto solutions.

Requirementspecificationsshould not only aim at so-
lution end from implementatiornpoint of view, but should
alsofocuson the long life of designs. Suchdesignswill
beresilientto evolving requirementsRE is concernedvith
the servicesgprovided by andthe constraintson alargeand
comple software system[9]. Apart from this, RE is also
concernedvith the relationshipof thesefactorsto precise

specification®of systemsehaior andtheir evolution over
time andacrosssystemfamilies. ThusRE becomes chal-
lengingactivity which haseffectontheforthcomingphases
andthe quality of the design. For an applicationwhich is
intendedto be usedonce,the traceabilityof requirements
is importantonly duringthe maintenancgphase.However,
for thederivationof architecturesik e productlinesthis ac-
tivity is morecrucial. Here RE encompassesctivities like
planningthe baselinearchitectureanalyzingcommonality-
variability etc. A patternorientedapproacHor the designof
framavorksfor softwareproductlineds explainedin [17].

3. Pattern oriented software development life
cyclemodel

We proposea patternorientedlife cycle modelfor soft-
ware development. Figure 1 gives an outline of this ap-
proach. The key ideahereis to have a global structurefor
the applicationbasedon its overall computationand com-
municationmodel, guided by the knowledge available in
theform of patterncatalogsandpatternlanguagesAn intu-
itive understandingf the applicationin termsof the global
dataflows would suffice for this step. This is an elegant
approachsincethe global concernsof the applicationare
addressedhereandit is possibleto apply this approachto
the systemat varying levels of granularity Architectural
patterns[8] can be usedas fundamentaldesigndecisions
for the software system,imposinga structuralframework
for the applicationduring this step. For example,a system
whereinformationflows in a sequentiafashioncanbe per
ceived as a pipe andfilter architecturalpattern. Database
applicationsandnetwork protocolscouldbe structuredasa
layerspattern8]. Thestructuralframeawork thusperceved,
in turnformsa context for subsequerdnalysisandrealiza-
tion of requirements.

Communication model
Global data flow

RR

Problem Domain to design
Architecture
Concepts

Pattern languages
Pattern catalogs

Cyclic progress of requirements and design activities

Towards solution

Figure 1. Pattern Oriented Life Cycle Model

Next stepin thelife cycleis therefinemenbf thisarchi-
tectureto design. During this phase,requirementscould
further be analyzedin detail, to identify lower level pat-
ternsin the systemsand subsystems By lower level pat-
terns,we meandesignpatternswvhich couldbe productspe-
cific like J2EE patternsor generalsolutionslike GoF pat-
terns. Choiceof productspecificpatternsagaincouldbe a



requiremendrivenfactor This is a cyclic actvity during
which, requirementaswell asstructureof the application
getevolved simultaneouslyeachactiity forming the con-
text for the other

3.1 Procesampr ovementby patterns

The applicationof a well-managediterative andincre-
mentaldevelopmentlife-cycle hasbeenpointedout asone
of five characteristicef successfubbject-orientegrojects
[10]. Usuallyin systemdevelopmentprocessthe require-
mentmodelsdevelopedearlyin the developmentcycle un-
demgo several working compromisesduring the develop-
mentcycle. Soit is naturalthattheinitially percevedand
documentednodelsare not available when the develop-
mentis complete.Patternbasedrequiremenmodelssolve
this problemconsiderablybecausédhe basicdesigntrade-
offs encounterethy softwaredesignersarewell capturedn
the patternschoserto fit in the design.Considerablearia-
tion from thisstructurds unlikely whenthedesigrelements
arefilled up in this structure. Thesemodelsact as power-
ful communicatiormechanismsluringdesignandredesign
process.

Software designis primarily dictatedby the context in
which the designactiity takesplace,andis influencedby
enablingtechniquedik e modularization gencapsulatiorn-
formation hiding, separatiorof interfaceandimplementa-
tion etc. Software patternsare solutions,which arebased
ontheseenablingtechniquesPatternsaddressheissuesn
designto agreatextent. Requiremenimodelscanrightly be
transformedo designmodelsby meansof thesepatterns.
Thedomainfunctionality couldthenbe providedin thede-
sign. Sincethe induction of a patternis for addressing
specificconcernin the systemtraceabilityof requirements
in solutionsbecomesasy

3.2 Requirementsengineeringfr om a newperspec-
tive

Requirementsengineeringshould adequatelyaddress
functionalandnon-functionakequirementsf the software.
In fact, if functional requirementsaffect only that part of
the software that determineghem, they typically have lo-
calizedeffects. On the otherhand,requirementsvhich cut
acrossvariouspartsof the systemgcanbe capturedrom the
interactionsamongtheseparts. Theseinteractionsgovern
thestructureof the system.

While analyzingthe requirementsn a systemit is a
good ideato classify the requirements. Certain require-
mentscould be currently existing in the system.The anal-
ysis processcould stretchitself to foreseecertainrequire-
mentswhichthe systemis likely to accommodaté the fu-
tureatthesametime makingprovisionfor incorporatinghe

requirementsCertainrequirementsnay necessitatpoten-
tial changesn systemgdesign.Theremay be some,which
thesystemwill neverbeableto handle.This cateyorization
helpsthe systemslesignetto comeup with anoptimumar-
chitecturefor the system. The designercould also make
judgementaboutthe capability of the systemthathasbeen
designedasednthis classification.

Architecture concernswith the structureand is like
"load-bearingwalls” [13] of the software. This meanghat
within a particulararchitecturalframework, it is possible
for the applicationto undego changeswithout affecting
this structure Thesystenfunctionalityshouldbe evolvable
within this architecture.Patternorientedapproachthatwe
suggesbecomesneaningfulin this contet. Sincethereare
infinite waysof realizingthesedesignsolutionsin code, it
will be possibleto addor remove requirementsvhich have
localizedeffectsin the future unlessthey are precludedn
adwanceby thechoiceof aspecificpattern.

3.3 Novel approachfor requirementscapturing

To ensurdonglife for designsthey shouldbeadaptable.
Software in generaland OO systemsin particularshould
be realizedasanimplementatiorof an abstraction.At the
sametime, theseabstractionshouldhave the ability to ac-
commodataequiremenichanges.The modulardecompo-
sition of a systemshouldbe both openandclosed[1]. The
designsthushave a stablecore on which the resultingap-
plicationscanrely on, atthe sametime have openportions
whichcanaccommodateontext dependentariationsor re-
guirementthangesMost of thedesignpatternsaaddresshis
issue.

Portionsof anapplicationthatshouldbekeptresilientto
changesndextensionareoftenreferredto ashotspotg21].
Organizationof anapplicationaroundsuchhot spotsdeter
mineshow well it is closedfor modificationsat the same
time openfor adaptationKnowledgeaboutthe hot spotsin
adesignandhow they areaccesseby theclientsoftwareis
importantfor all phase®f softwaredevelopmentindmain-
tenancewhetherit is constructioncomprehensiowr evo-
lution. The"open-closed’principleandhot spotdrivende-
signshouldbe concevedvery earlyin thedevelopmentife
cycle; preciselyatrequirementapturestagestself. Pattern
basednodelsthatwe suggesessentiallydo this.

3.4. Patternsin requirementsengineering

Any softwaredevelopmenimethodologyhasanunderly-
ing modelsupportinghe developmenprocessModelsand
abstractionsonstitutethe basicframeawork for thedevelop-
mentprocessn a domain. Fromthe requirementgoint of
view, architecturabbstractionsnaketrade-of analysisim-
pler, andprovidesa modelthatis easilyrefinableto code.



Themodelgetsitself evolvedasthe developmentproceeds.
For example,the domainprocessesit a coarselevel could
be expressedyy usingsubsystenmor componentandtheir
interactions. Furtheranalysiscould be aidedby usecases
for requiremenmodeling. Use casedeadto a conceptual
modelwhere conceptsare realizedusing objects. Subse-

qguently the collaborationbetweenobjectsare addressed.

Subsysteninteractionsand relation betweenvarious use
casescould be seenasrequiremenpatternswhich canbe
documented Oncetheserequiremenpatternsare mapped
to correspondingarchitecturalor designpatternsthe map-
ping couldaswell be usedasareusableartifact.

Interactiondiagramsare one of the mostimportantarti-
factscreatedduring RE. Skillful assignmenof responsibil-
ities for the participantsin the interactiondiagramsis also
importantirrespectve of the granularityof the participants,
whetherthey be subsystemser objects. Proactve andpre-
scriptive useof patternsassisthedesigneito a greatextent
in this step. Patternscanaid the RE processn two ways.
They canresultin singlesolutions. Secondlythey canaid
in the developmentof reusabldrameavorkswhich are cus-
tomizabledesignsolutions.Patterngplay animportantrole
in customizinganddesigningapplicationframeworks. This
hasbeenemphasizeéh [15].

It is generallyobsened that successfubrojectsspend
considerablamountof time andresourceén theRE phase.
It would be usefulif, this phasecanaswell comeup with
requirementpatternsandtheir correspondingnappingfor
relatedproblems. Requirementgatternscould be docu-
mentedin the form of usecasescombinationof usecases
or sequencef occurrencef events.

3.5 Patterns assolution to non-functional require-
mentsof software

In software designprocesschoiceof anarchitecturds
more of an actiity of giving a structureto the whole ap-
plication. The realizationof the restof the functionality
of the software succeedshis stepandideally the software
functionality shouldbe evolvable within this architecture,
withoutcompromisingts constraints.

Patternsmostly addressnonfunctionalrequirementsof
software.Bystructuringa databasepplicationusinga mul-
tiple layeredpattern[8], we make the changesisolated.
Problemssuchas lack of flexibility in most OO systems
canbe solved by reomganizingthe designby makinguseof
astratayy pattern[7]. Theimplicationof thisis thatthede-
signis addressing nonfunctionalrequiremenbf the sys-
tem calledflexibility. Anotherinterestingpoint is thatthis
reorganizatiorwill resultin the degradationof systemper
formancebecauséheinstanceof oneclassneedso invoke
aninstanceof a strat@y class.Thus,patternbasedequire-
mentmodelssincethey abstracout details,sene theideal

solutionsfor requiremenimodels. Also, thesemodelsen-
ablethe point at which certainquality attributesareinhib-
ited. As aresult,selectingdesiredsolutionsfrom a setof
alternatesolutionsbecome®asier

In orderto make surethat a systemis well structured
and organized,in additionto exposingglobal structureof
the system,designshouldobey certainbasicdesignprin-
cipleswhich areto be well documented.Well structured
requirementsaind designdecisionsat several layersof ab-
stractionarecrucial for understanding detailedspecifica-
tion documen{20]. The patternorientedsoftwaredevelop-
mentmethodproposed assistsin systematicunfolding of
requirementst varying levels of abstractiorand provides
sounddesigndocumentation.

4. Software design as pattern composition
problem

Application of patterndn softwaredevelopments to be
seenasa patterncompositionproblem. Here we provide
a designsolution, ratherthana programmingsolutionthat
is tunableonly at the implementationlevel. Understand-
ing of how the abstractionsn softwareareto be adapted,
extendedcomposedindmaintaineds equallyimportantas
providing knowledgeaboutthe locatingof the key abstrac-
tionsin it. Advantagef using patternsasbuilding blocks
of architectureandtherelatedissuesareexplainedin [12].

The combinationof collective behaior of components
needto be exploredat the designandarchitecturalevels.
Thisissueis addressebly designpatterns.lfwe usepatterns
asbuilding blocksof architecturenot only thatwe address
a specificfunctionalaspectput alsothe interactionamong
thevariousrequirements.Thebjectvesmetby designele-
mentscouldbeaddressedsingtherolesplayedby different
objectsin that pattern. Requirementsnodelingaddresses
dynamicnatureof therequirementsn this case.

When patternscombineto generatesolution architec-
tures,the structuralandbehavioral compositionneedto be
addressed Behavior compositionaddressesoncerndike
therolesplayedby variousobjectsaselementsn patterns.
This kind of designis referredto as responsibility-drven
designor interactionorienteddesignin OO literature[16].
Assignmenbf responsibilitiego objectsanddesignof ob-
jectcollaborationss veryimportant.Neglectingtheimpor-
tanceof the creationof interactiondiagramsandresponsi-
bility assignmenhasbeenpointedout asa commonprob-
lem in objecttechnologyprojects[2]. We believe that re-
guirementsanalysisemphasizinghesestepsand patterns
as designsolutions,will alleviate this problemto a large
extent. When patternsare usedas compositionalunits of
an architecture an elegant mechanisnfor addressinghe
collaborationsamongthe patternparticipantsis discussed
in [3].



5. Casestudy

This Sectionillustratesthe methodologywe have pro-
posedusing an example of componentinteractionsin a
feedbackcontrol system. The systemusesfeedbackfrom
the outputto control a processlike ary feedbackcontrol
systemavailablein control literature. Feedbackunit takes
the outputdatafrom the processheingcontrolledandthen
malkes necessanadjustmento be fed to the feedforward
unit after comparingthe feedbackvalue derived from the
output, with a referencevalue. Then, feedforward unit
sendsthe modified outputto the controlledprocess.Con-
sideringthe globaldataflow in the application the adjustor
readsfeedbacldataandreferencedata,the controlledpro-
cessreadsthe modified outputandthe feedbackunit reads
the outputdatafrom the controlledprocess.
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Figure 2. Component Interactions in a Feed-

back Contr ol System

Even thoughthe global data flows in the application,
look like a pipe-and-filterarchitecturapattern [8], this ar
chitecturedoesnotfit in heresincepipe-and-filterdoesnot
allow ary feedbackoops.Ontheotherhand,it fits into the
blackboargattern[8], in whichseveralspecializegubsys-
temsassemblé¢heir knowledgeto build apossiblypartialor
approximatesolution.

Figure3 givesonepossibledesignfor this problem.An-
alyzing the requirementdurther, it can be seenthat con-
trolled processactsasa mediatorbetweerfeedfornardand
feedbackunits thusthe interactionsamongthemresemble
that of a mediatorpattern[7]. Controlledprocesscanalso

be realizedasa singletonpattern. Now, having identified
thesepatterns,requirementsould further be analyzedin
detailto assigrresponsibilitiego theclassedn the patterns.
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Figure 3. Design 1 for the Feedback Contr ol
system

It is naturalthatmorethanonedesignis possiblefor the
sameproblem. In this context we give an alternatve de-
signfor the sameproblem.Thisdesignis givenin Figure4.
The functionality provided by the feedforward unit to the
restof the units shouldbe the same jrrespectve of the dif-
ferentcontrol stratgiesusedby it. A stratgy pattern[7]
could be usedfor this. The sameinterpretatiorholdswith
feedbackunit also.To reducethedependengbetweercon-
trolled processandthe feedbackunit, obsenrer patterncan
beused.

When alternatedesignsexist for the same problem,
basedon sometrade-of analysisthe designemayhaveto
choosethe bestdesign. In suchsituations,a methodology
proposedn [4] aidsthe designerto comparethe alternate
designsgn termsof somemetricslik e staticadaptability dy-
namicadaptability extendibility etc. Detailsregardingthis
methodologyis availablein [4].

Fromthecasestudy it is evidentthatpatternorientedife
cycle model allows the developerto systematicallyarrive
at the design,by concentratingon the interactionsexisting
in thedomain. It is to be emphasizedhat trade-of analy-
sisfor alternatedesignsgs alsopossible. The requirements
aremappedo correspondingatternsasthedesignevolves.
This makestraceabilityof requirementsn solutionseasy
Designsolutionsthus obtainedare reusablesincethey are
composedf patternswhich are implementationindepen-
dent,abstracentities.
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6. Relatedwork

Software engineerings definedasthe applicationof a
systematicdisciplined,quantifiableapproacho the devel-
opmentpperationandmaintenancef software;thatis, the
applicationof engineeringo software[11]. Stepsavailable
in softwaredevelopmentife cycle modelsexplainedin [14]
do not seemto be addressingll theseaspects.Sincepat-
ternsareidentifiedasdistilled experienceof expertdesign-
ers,patternorienteddevelopmentife cycle modelturnsout
to bea systemati@anddisciplinedapproach.

[19] proposesa mechanisnthat utilizes UML model-
ing capabilitiesto composedesignpatternsat variouslev-
els of abstractions. The approachgives emphasisto the
traceabilityof patternsin designs.A systematicapproach
whichtakesinto accountheglobalstructureof theapplica-
tion and subsequentlyefining this structureto lower level
patterngoesnot seento beaddressetly researcltommu-
nity yet. Our approactalsoopensup issueghatarisewhen
patternsare usedasfundamentabuilding blocks of archi-
tecture,mostimportantissuebeingthe interactionsamong
patterns.

Patterncompositionis addressetdy usingrole diagrams
in [18]. Thefocushereis on deriving a compositepattern,
whichis acombinatiorof individual patterns Thiscompos-
ite patternsolvesabiggerproblemin the sensehatthe syn-
ergy of participatingpatternsmakesthe compositionmore
thanits parts. However, a generalizedapplicationdevelop-
mentusingpatternss notaddressetiere.

Patternssolving independenproblemsare documented
in [8, 5, 7]. Thesesene only asindependenpatterndocu-
mentationsexplainingthe context, forcesandsolution. Our
approacthis towardsrefiningandcombiningthesesolutions
to build reusableapplicationsolutions.

7.Conclusionsand futur e work

We have proposed life cycle modelusing patternori-
entedapproachfor the developmentof software. The ap-
proachrelieson the applicationof previously known solu-
tionsto designproblemsin theform of patterns.The struc-
ture of theapplicationis percevedin thebeginningandde-
tailedrequirementglicitationfollows this step.As the pat-
ternsarerefinedto lower level patternsrequirementalso
getrefined. Throughthis approachRE, aidsarchitectural
designby mappingthe constraintsmposedby the require-
mentsto known solutionsandfacilitatesfasttrade-of anal-
ysis. Architecturalmodelingis supportedby not only the
functionalandnonfunctionalrequirementsbut alsothe ra-
tionale behindthe formation of the pattern. The method-
ology proposedenablesrequirementscapturein the con-
text of formal architectures. We believe that when com-
plex systemsarecomposedrom pre-eisting components,
the contractuabbligationsof the participatingcomponents
alsoneedto be capturedasrequirements.Thesecontracts
may leadto compositionpatterns asnecessitatetdy com-
positioncontext andsemanticsAs partof our future work,
we planto addresgheseissues.We foreseethis asanim-
portantproblemworth addressindn the context of design
reusein the form of patternsandcodereusein the form of
components.
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