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Abstract

Arigoroussoftwareengineeringmethodology, appliedin thedevelopmentofsoftwarecomponents,
causesoverheadcosts,for example, by over-documenting. Thealternativeis to usean agile ap-
proach, to reduceoverhead,causedbyprocess-centeredtasks.Theadvantagesanddisadvantages
of rigorous and agile approachesare analyzed,and criteria to choosebetweenthemare intro-
duced.Asa solution,this dissertationproposesan agile processfor thedevelopmentof software
components.

Theimportanceof toolsandtheir relationwith a processarediscussed.Softwaredevelopment
tools maycontribute greatly to the successof a project, and mayprovide critical supportfor a
software engineeringprocess. Therefore the selectedset of tools in a developmentprocessis
essential.Theselectionprocessmustbetransparentandcarried out with care. An approach that
maybe followedto selecta tool environmentis proposed.Theresultsof casestudies,where the
approach is retrospectivelyapplied,con�rm theimportanceof tool selection.

A setof tools is selectedfor thetool environmentto supportthecomponentdevelopmentpro-
cess. It is not alwaysthe casethat the neededtools can be selectedout of an existing set. The
practical work that wasneededto customdeveloptwo tools — an automatedbuild systemand
codedocumentingtool — is described.Theresultsof applyingthe proposedprocessto several
projectsare discussed,as well as interviews with the responsibledevelopers. Evidenceis pre-
sented,showingthat both theproposedprocessandthe tool environmentchosen,reduceproject
overheadandcost.
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Samenvatting

Eenrigoreuzemethodologievoorsoftwareengineeringtoegepastin deontwikkelingvanherbruik-
bare(software)componentenresulteertin overheadkosten,bijvoorbeelddooronnodigedocumen-
tatie. Het alternatief is eenagile aanpakom de overheadkostente bestrijdendie veroorzaakt
wordendoor process-georiënteerde taken. De voor- ennadelenvandetoepassingvaneenlicht-
gewicht aanpakwordenvergeleken meteenrigoreuzeaanpak. Ook wordende criteria om een
keuzetussendetweeverschillendemanierenvanaanpaktemakenbeschouwd.Alsoplossingvoor
de ontwikkeling van de componentenwordt in dezescriptie eenop maatgesnedenagile proces
gegeven.

Ookwordt belicht hoebelangrijk tools,oftewel gereedschappen,zijn in hetontwikkelproces.
De preciezerelatie tussengereedschappenen het proceswordt onderzocht en de conclusieis
dat gereedschappeneengrote invloedhebbenop hetsuccesvaneenproject; degereedschappen
kunnenin belangrijke matebepalendzijn in hetondersteunenvaneenbepaaldproces.Dit heeft
als gevolg dat het maken van eenselectievan gereedschappendermatebelangrijk is, dat het
selectieprocestransparant enzorgvuldigmoetwordenuitgevoerd. Eenaanpakwordt voorgesteld
om eenverzamelingvan gereedschappente kiezen. Een aantal casestudieswaar de aanpak
achteraf wordt toegepastbevestigendecrucialerol vandeselectievanhetgereedschap.

Eenverzamelingtoolswordt gekozenmetdebeschrevenaanpakvoor hetcomponentontwik-
kelproces.Het is niet altijd hetgeval dat debenodigdegereedschappengekozenkunnenworden
uit eenbestaandeverzameling. Tweegereedschappen,eenautomatisch build systeemeneencode
documentatiesysteem,zijn op maat ontwikkeld en dezegereedschappenen de aanpakvan het
praktischewerkwordt in dezescriptiebeschreven.Deresultatenvandetoepassingvanhetproces
endegekozenenontwikkeldetoolstijdenseenaantalprojectenwordenbeschreven,onderandere
door middelvan interviews metde verantwoordelijke ontwikkelaars. Er wordt aangetoonddat
zowelhet componentontwikkelprocesals de gekozengereedschappentot eenverminderingvan
overheadleidt.
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Preface

This documentdescribesthe work for our master's thesis,from November'03 until November
'04. After having worked togethersuccessfullyin the pastfor many times,we decidedthat it
would be a greatideato combineour skills andsharedinterestsin this projectagain. We were
alreadyworking for thesameemployer, who wasalsointerestedin takinghis chancewith usin a
graduationproject.Oursupervisorapprovedtheprojectandthework startedearlyNovember'03.

Thework for our employer consistsof thedevelopmentof softwarecomponents,thatwill be
describedin moredetail in Chapter1. The�rst process,thatwe usedto managethedevelopment
of thesecomponents,was the EuropeanSpaceAgency (ESA) SoftwareEngineeringStandard.
This process,however, wastoo heavyweight for thespeci�c context. It wasdecidedto switchto
theESAlite standard,but asigni�cant amountof overheadwasstill caused,by writing documents,
with contentthatwasfelt notoptimallyuseful.

For our employer, a goalof the researchwasto �nd anoptimalprocessfor thedevelopment
of the components.The �rst challengeat thestartof the graduationprojectwasto broadenour
scopeof softwareengineering.Westudiedtheliteratureon thetopicandtheresultis presentedin
Chapter2.

Frommid February'04 to mid April '04 wewentto theUniversityof Pretoriain SouthAfrica.
Throughoutourstay, wediscussedtheimportanceof toolsin adevelopmentprocesswith Andrew
Boake andDerrick Kourie,who becameour externaladvisers.Theprocessof tool selectionwas
found to be very interestingandit wasdecidedto write down our thoughts. It turnedout to be
a very interestingsubjectand the resultingtext was written in the form of an article that was
submittedto the SouthAfrican Instituteof ElectricalEngineers(SAIEE), for a specialissueon
softwareengineering.After areview andarewrite, it wasacceptedandthepaperwill bepublished
in theDecember'04 issueof SAIEE.

Thepaperis includedasChapter5,with minoradjustmentsto haveit �t in thisdissertation.We
usedthetechniqueto validatethetoolsthatwerechosento improve thecomponentdevelopment
process.Whenwe returnedfrom SouthAfrica, Chapter3 waswritten,containingthebackground
materialthatwasusedto write thepaperfor SAIEE.

Broadeningour softwareengineeringscope,resultedin startingto strip theESA lite process
to allow it to be morelightweight. In theend,afterusingthe processin practice,we concluded
that the newly formulatedprocesswassuitablein the speci�c componentdevelopmentcontext.
Theprocessdescriptionis includedin Chapter4. A documentis derived from this chapter, that
prescribesthe processstandardfor the developmentteamthat is responsiblefor developingthe
components.Chapter4 hasa high level of detail,becauseit waswritten to serve asa basefor a
standaloneprocessdescriptiondocument.
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PREFACE xviii

A signi�cant partof ourgraduationyearconsistedof practicalwork for ouremployer. Hehired
usto improve thequalityof hisproject,by implementingsoftwarecomponentsto replaceandadd
featuresto his product. We implementedseveral componentsanda supportapplication,to test
out thecomponentdevelopmentprocess.Additionally, we implementedanautomatedbuild and
releasesystemandacodedocumentingsystemto streamlinethecomponentdevelopmentprocess
further. For the supportapplicationandcodedocumentingsystemthe componentdevelopment
processwastestedwhetherit scalesto applications.Thesecasestudiescanbefoundin Chapter6.

The majority of the researchdescribedin this dissertationis a collaborateeffort of both the
authors. This documentis pair-written in a way similar to the pair-programmingtechniqueof
ExtremeProgramming.Eachpart thatwasnot collaboratively written, wasextensively reviewed
by theotherauthor. Thepracticalwork is, however, moreor less,distributed;eachcasestudyhas
aresponsiblelead-developer. For thecollectionscomponent,thebuild system,andAPI documen-
tationsystem,Zwartjesis thelead-developer. For theinternationalization componentandsupport
application,vanGeffen is thelead-developer.
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Chapter 1

Intr oduction

In 1991,our employer, Intersoft,setout to produceanenterpriseadministrationsystem,targeted
at small to mediumsizedcompanies.The developmentteamwasrelatively inexperiencedand
had little formal software engineeringbackground. Nevertheless,they persevered, albeit in a
somewhatunstructuredmanner, successfullydevelopingandmarketingthesystemto aclientbase
of approximately300 installations.Unsurprisingly, thesystemevolved over time in responseto
client andmarket needs.After some10 years,theteamrealizedthat theapplicationhadbecome
increasinglyunmanageable,andsomethingneededto bedonefor work to continue.

Theauthorswerehiredasconsultantsto augmenttheefforts of theexisting developers.The
stepsweretakento overall re-engineerandrestructurethesoftwareinto manageablecomponents.
Intersoftis locatedin Amsterdam,however, practicalconsiderationsrequirethatwe work in a re-
motely locatedof�ce in Eindhoven. Thepartof theorganizationin Eindhoven is calledIntersoft
SoftwareResearch.Face-to-facemeetingswith theexistingdevelopersareheldona regularbase.
Our primarytaskis to implementsoftwarecomponentsto replaceandaddfeaturesof theadmin-
istrative application.Thedevelopmentof eachcomponentthereforerequiresclosecollaboration
betweenthetwo parties.Thetermprojectis usedto denotetheentireprocessof thedevelopment
of acomponent.

This dissertationdescribesthe reseachthat hasbeenconductedto improve the development
processof thesoftwarecomponents.Therefore,two �elds areinvestigated:(1) softwareengineer-
ing methodology, and(2) softwaredevelopmenttools.

Softwareengineeringhasbeena researchtopic for almostfour decades.Softwareengineer-
ing methodology1 originatedin the 1960s,producingheavyweight methods. More recently, a
leightweightform of methodologyhasemerged. Software developmenttools have beenused
sincetheemergenceof softwaredevelopmentitself, andarefrequentlydeployed to improve the
developmentof software.

The relevanceof thesubjectcanbe illustratedby the roadmapto softwareengineeringtools
andenvironments,publishedin April 2000,by Ossher, Harrison,andTarr. They describeseveral
majortrendsthatwill emergein thefuture:

1Methodologyformally refersto thescienceor studyof methods.However, thetermis frequently(ab)usedto denote
a bodyof methods,rules,andpostulates.In softwareengineering,thetermmethodologyis commonlyusedto referto
asetof recommendedpractices.

1



CHAPTER 1. INTRODUCTION 2

[We expect to see]new methodologies,formalisms,andprocessesto addressnon-
traditionalsoftwarelifecycles,andthetoolandenvironmentsupportto facilitatethem.
With signi�cant economic,businessandresearchpressuresto be �rst to market or
�rst to publish,especiallyin new domainslikepervasivecomputingande-commerce,
fewer individuals areable to expendthe resourceson a traditional spiral lifecycle,
evenknowing what they arelosingasa resultof cuttingcorners.Further, with rapid
development,rapidly changingrequirementsandplatforms,andan extremely fast-
moving andvolatile �eld, it is questionablewhethermany new domainswould ac-
tually bene�t from the morecostly traditionalsoftware lifecycle — it simply takes
too long. Currentmethodologiesandtoolsgenerallydo not work well in suchnon-
traditionalcontexts,andthey donot“degrade”gracefully. Developingmethodologies
andmodelsthatdowork in thesecontexts,andtool andenvironmentsupportfor them,
is acritical challengeof theupcomingdecade.[Ossheretal., 2000]

In this dissertationthe expectationsfrom Ossher, HarrisonandTarr are tried to be ful�lled by:
(1) proposinga processfor thedevelopmentof softwarecomponents,and(2) providing the tool
environmentfor theprocess.In addition,anapproachto selectthetoolsfor a tool environmentis
describedaswell.

To understandtheorigin andbackgroundof theproposedprocess,thehistoryandrelevance
of heavyweight andagile methodologiesaredescribed.Both methodologieswill be compared
anda shortintroductionis given into choosinga methodology. Thebackgroundinformationwill
be usedto explain the importantmattersof the componentdevelopmentprocess.In additionto
heavyweightandagilemethodologies,theopensourcemovementwill bediscussedaswell. The
opensourcemovementis oneof the latestincreasinglypopulargroupof peopledevelopingsoft-
ware.It will provide anexamplewherethedevelopmentprocessdependsonboththeprocessand
theuseof tools.Theopensourcemovementalsoin�uencedwork onprocessfor thedevelopment
of softwarecomponentsandthesupportingtool environment.

After softwareengineeringmethodologiesareintroduced,the impactof toolsandprocesses
onsoftwaredevelopmentin recentyearsis investigated,includingthelatestdevelopmentsin soft-
wareengineeringmethodology, andtheeffect of thesedevelopmentson tools.Althoughtoolsare
certainlynot a Silver Bullet [Brooks Jr., 1987], they areperhapsmoreimportantthangenerally
realized.Theopensourcecommunityandthetoolsusedin theprocessof developingopensource
software,serve asanexamplefor this relation.

Theconclusionthattoolsareimportantin thedevelopmentprocesslogically impliesthattool
selectionor, in caseno existing toolsaresuitable,tool customizationis animportantin�uence on
thesuccessof a projectaswell. An approachfor managingtheselectionprocessis outlined,that
visualizestheprocessof selectionin a matrix. Toolsareanalyzedin theapproachby specifying
functionalrequirementsandsupportedproperties.

Thetoolswerealreadychosenfor thedevelopmentprocess,beforethetool matrixhadevolved.
However, themodelis appliedto validatethesetof toolsthatwaschosen.Especiallyin thecases
whereit wasdecidedto customdevelopatool, themodelis usedto argumentthereasonto custom
developthetool. Finally, thepracticalwork concerningtheimplementationof severalcomponents
and a supportapplicationis discussed.Thesecasestudiespresentthe resultsof applying the
componentdevelopmentprocessandtool environmentin practice.



3 CHAPTER 1. INTRODUCTION

1.1 Research Questions

The main themeof this dissertationis to �nd means— in the form of a software engineering
processanda tool environment— to enhancethedevelopmentof the components,describedin
theprevioussection.To solve this problem,a numberof researchquestionsareformulated,that
will beaddressedin the remainderof thedissertation.In Chapter7, a summaryof theresultsis
presented,accordingto theresearchquestionsin this section.The following list enumeratesthe
tenmainresearchquestions:

1. Whatis thecurrentscopeof softwareengineeringmethodology, andmorespeci�c,whatare
themaintrendsor directionsin thearea? To enhancethedevelopmentof thecomponents,
by introducinga softwareengineeringprocess,it is importantto �rst explore the options.
By lookingatsoftwareengineeringmethodologiesthehighestlevel of optionsis examined.

2. Whatarethedifferencesbetweenthedirectionsof softwareengineeringmethodologies,and
cansoftware engineeringmethodsbeclassi�ed? To choosebetweenthehigh level options
it is importantto list thedifferencesbetweendirectionsin softwareengineeringmethodolo-
gies,and,if possible,specifythemeansto classifysoftwareengineeringmethods.

3. Whatare themainconsiderationsthat in�uence thechoiceof a software engineeringmet-
hodology for a project? If therearegroundsor criteria to choosebetweensoftwareengi-
neeringmethodologies,they canbeappliedto argumentandanswerthenext question.

4. Whatsoftwareengineeringmethodology is bestsuitedfor thedevelopmentof softwarecom-
ponents?With this question,we try to discover the typeof softwareengineeringmethod-
ology, bestsuitedfor thecomponentdevelopmentprocess.This answermaybethebaseto
analyzethenext question.

5. Whatsoftware engineeringmethodis bestsuitedfor the developmentof software compo-
nents?Theanswersto thepreviousquestionsareusedto determinethechoicefor asoftware
engineeringmethodfor thecomponentdevelopmentprocess.

6. Whatimpactdo toolshaveon a projector, more general, what is their impacton a devel-
opmentprocess?Thegoalof this questionis to �nd possibilitiesto enhancea development
processby introducingcertaintools — to determinethe in�uence of tools on a software
engineeringmethod.

7. Howto choosethetoolsfor a developmentprocess,or morespeci�c for a project?Because
many toolsof thesamegenreexist, it is dif�cult to �nd thatonetool that �ts a developers
needbest.Canthedecisionprocessbegeneralizedto selectasetof tools?

8. Which toolsare commonlyusedto enhancethe developmentprocess?Is therea common
setof toolsthatis frequentlyusedin projectsto improve thedevelopmentprocess?

9. Which tools are importantto supportthe processfor thedevelopmentof software compo-
nents? We try to �nd a setof tools, that enhancesthe processthat wasfound to be best
suitedfor thedevelopmentof thecomponents,from questionnumber5.

10. What is the relation betweenpeopleand a software engineeringprocess? In what way
do peopleaffect thedevelopmentprocessthat is appliedin a project,andin whatway are
peoplein�uencedby adevelopmentprocessin aproject?
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1.2 Overview of the Document

Chapter2 reviews thehistoryandfactsaboutsoftwareengineeringmethodologies.It will bring
up detailsaboutthe opensourcesoftware developmentmodeland rigorousandagile software
engineering.Chapter3 discussestheimportanceof toolsin thedevelopmentprocess.In Chapter
4, a customizedsoftware developmentprocessfor the developmentof software componentsis
illustrated. To supportthis process,tools will be chosenusingan abstractmodel discussedin
Chapter5. Chapter6 elaborateshow anApplicationProgrammingInterface(API) documentation
systemand a build systemhave beendevelopedfor the tool environmentof the development
process,aswell asthreecasestudiesthatapplytheproposedprocessfrom Chapter4. Finally the
conclusionsarepresentedin Chapter7.



Chapter 2

An Intr oduction to Software
EngineeringMethodologies

Thesooneryoustart codingyour program,the longer it is going to take. Murphy's law of
programming[FormulatedbyH. Ledgard,1975.]

It is easierto changethespeci�cation to �t theprogramthan viceversa.Alan J. Perlis:
Epigramsin ProgrammingSIGPLAN Sept.1982

In this chapter, generalaspectsof software engineeringmethodologiesand processesare de-
scribed. Threecommonmethodologies— heavyweight (or traditional) software engineering,
lightweight (or agile) software engineering,and the opensourcesoftware developmentmodel
— areoutlinedin moredetail. The importantpropertiesof themethodologies,their history and
developmentovertimearehighlighted.In addition,ourexperiencewith eachof themethodologies
is included.

In Chapter4, a software engineeringprocesswill be derived basedon the methodologies
describedin this chapter. A summaryon how to chooseamongthesoftwareengineeringmethod-
ologiesis includedin Section2.7.

2.1 Intr oduction

Thetermsoftwareengineeringwas�rst usedaround1960asresearchers,management,andpracti-
tionerstriedto improvesoftwaredevelopmentpractice.TheNATO ScienceCommitteesponsored
two conferenceson softwareengineeringin 1968(Garmisch,Germany) [Naur andRandell,7 11
October1968]and1969[RandellandBuxton,2731October1969],whichgavethe�eld its initial
boost. Many believe theseconferencesmarked theof�cial startof theprofession.Programmers

5
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werewell awareof electricalandcomputerengineering,anddebatedwhatsoftwareengineering
might mean. The softwareengineeringareawasstimulatedby the software crisis of the 1960s,
1970s,and1980s,whenmany softwareprojectshadbadendings. The softwarecrisis wasthe
namethatlinkedtogetherthemany problemswith software.

In the early1980s,developmentof softwarefor theUS Military waschaotic. Most projects
werelate,over budgetandde�cient in functionality. Someevencausedpropertydamageor loss
of life. The Software EngineeringInstitute (SEI), an entity attachedto the ComputerScience
Departmentof theCarnegie Mellon University in Pittsburgh, wasestablishedin 1984to advance
the practiceof softwareengineeringin the USA. The SEI hasbeenthe origin of many ground-
breakinginitiativesin softwareengineering,investigated,tested,andappliedin collaborationwith
its partners.An exampleis the CapabilityMaturity Model (CMM), which positionsa software
developmentorganizationat a designatedlevel of maturity, basedon its developmentprocesses
andmanagementpractices.Anotherexampleis its leadingwork in identifying, specifyingand
encouragingongoingadherenceto qualitiesof agoodsystemarchitecture.

Sincethat time, the SEI hasproducedmuchwork which forms valuableinput for any soft-
waredevelopmenteffort that wantsto improve its delivery record. Its missionis “to transform
softwareengineeringfrom anad-hoc,labor-intensive activity to amanaged,technology-supported
engineeringdisciplinesothat thegovernmentcanacquiresystemsfrom a broader, morecapable
contractorbase.” TheSEI continuesto do researchaimedat solvingsigni�cant softwareindustry
problems,comingup with innovative solutionsin collaborationwith its partners(includinguni-
versitydepartments),testingthesesolutionsanddisseminatingtheknowledgegainedwidely. The
SEIhascontributedlargely to theimprovedstateof softwaredevelopmentin theUSA.

In 1987,BrookspublishedthefamouspaperNoSilverBullet [BrooksJr., 1987]. In thisarticle
he arguesthatno individual technologyor practicecanmake a 10-fold improvementin produc-
tivity in 10 yearstime. Almost every new technologyor practicethat was introducedclaimed
to be thesolutionfor this softwarecrisis. ObjectOrientedProgramming(OOP),methodologies,
processes,theUni�ed ModelingLanguage(UML), andCMM areexamplesof technologiesand
practicesthatweresupposedto bea silver bullet solvingthesoftwarecrisis. Noneof themactu-
ally turnedout to besilver bullets,however, suchpracticescanmake incrementalimprovements
in productivity andquality.

Following a softwareengineeringmethodor standardis a practicethatcanimprove produc-
tivity andquality. Softwareengineeringmethodsspanmany disciplines,includingprojectman-
agement,analysis,speci�cation,design,coding, testing,con�guration managementandquality
assurance.Thesemethodscaninformally be classi�ed into heavyweight andagile (lightweight)
methods.Heavyweightandagilereferto theamountin whichthedisciplinesmentionedaboveare
elaboratedin a method.Thenext sectionsexaminethesemethodologiesin moredetail.

2.2 Heavyweight SoftwareEngineering

Heavyweightmethodsincludea large amountof formal process,paperwork anddocumentation.
In a heavyweightmethodologystrict attentionto rulesandproceduresis demandedanddeviation
from thestandardis stronglydiscouraged.Regardlesswhatkind heavyweightmethodis applied
within a softwareengineeringproject,a speci�c attitudemustbe adoptedtowardsworking in a
process-orientedenvironment in which planningand documentationis emphasized.The most
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importantcharacteristicsof aheavyweightmethodology, identi�ed by Khan[Khan,2004],are:

� Plan oriented – Heavyweightmethodstry to captureall possibilitiesin advance.An exact
planningis madeat thestartof aprojectin whicheachphaseis elaboratedin detail.Whena
speci�c planningof aphasein theprojecthasnotbeenful�lled, changeshave to bemadein
theplanningfor theremainderof theproject.Projectquality is measuredby conformanceto
plan. Themostimportantfactorsto considera projecta success,is on-timeandon-budget
delivery.

� Comprehensive documentation– Comprehensive documentationprovidesa thoroughin-
sight to the innardsof theprojectat anytime andis critical to thesuccessof a project. In
addition,it is aprerequisitefor futuremaintenance.

� Predictive approach– Softwaredevelopmentis approachedasa predictive andrepeatable
activity along the line of the engineeringdisciplines. This predictive approachis closely
relatedto thefactthatheavyweightmethodsareplanoriented.

� Processoriented – A heavyweightmethodologyfocuseson developinga processin which
differentrolesareidenti�ed, eachhaving clearlyde�ned tasks.

� Big designupfr ont – Heavyweight methodologiesarebasedon comprehensive require-
mentsgatheringupfront. The goal is to build a scalableand �e xible architecture. The
architecturaldesignis aneye-openerinto thecomplexity involvedin theproject.

Heavyweightmethodologiesareappliedwithin largeandmorecritical projects.Cockburn writes
aboutselectingthemethodologyfor aproject:“A relatively smallincreasein methodologysizeor
densityaddsarelatively largeamountto theprojectcost”[Cockburn,2000].A directconsequence
is thataheavyweightmethodologyshouldonly beappliedwhentheextracostsinvolvedwith this
approachare inevitable. And this is exactly the casein large and critical projects. Examples
of heavyweight softwareengineeringmethodsareRationalUni�ed Process(RUP), Cleanroom,
Fusion,andtheESA standard.

Becauseheavyweightsoftwareengineeringmethodologyis moreor lessde�ned by theactual
heavyweight methods,this chapterwill describethe heavyweight methodologyby example. In
thenext section,Fusionwill beelaboratedin moredetail to show how a heavyweightmethodis
implementedin practice.

Thesectionfollowing Fusion,illustratestheconceptof heavyweightmethodologiesby means
of theESA softwareengineeringstandard.TheESA softwareengineeringstandardis described
in greatdetail because:(1) the processintroducedin Chapter4 is basedon the light versionof
theESA standard[EuropeanSpaceAgency, 1996],and(2) it is the�rst heavyweightstandardwe
workedwith. We gaineda lot of experienceworking with theESA standard.Theseexperiences
aredescribedin aseparatesectionaswell.

2.3 Fusion

Fusionwasdevelopedto provide a systematicapproachto object-orientedsoftwaredevelopment.
This is describedin Coleman'sbookabouttheFusionmethod[Colemanetal., 1994]. It integrates
andextendsapproachesthatexistedat thetime of thedevelopmentof Fusion.It is a methodthat
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providesfor analysis,designandimplementation.Fusiontries to give a directpathfrom there-
quirementsof thesystemto animplementationin someprogramminglanguage.Thisdevelopment
methodsupportsboththetechnicalandmanagerialaspectsof softwaredevelopment.

Fusiondividesthe softwaredevelopmentprocessinto phasesandgivesclear indicationson
whathasto bedonein eachphase.Fusionprovidescriteriathattell thedeveloperwhento proceed
to the next phase.In additionmanagementtools areprovided for softwaredevelopment.There
arethreephasesin the Fusionprocess:(1) the analysisphase,(2) the designphase,and(3) the
implementationphase.NotethatFusiondoesnothavearequirementsphase,becauserequirements
captureis usuallyperformedby a customerand it is his job to deliver the initial requirements
document.The outputof eachphaseis clearly identi�ed andcross-checksarede�ned to ensure
consistency betweenandwithin phases.

In theanalysisphase,theintendedbehavior of thesystemis de�nedandmodelsthatre�ect this
behavior areproduced.Themodelsdescribetheclassesof objectsin thesystemandtherelations
thatexist betweenthoseclasses.Theoperationsthatcanbeperformedonthesystemareclassi�ed
togetherwith the allowablesequencesof thoseoperations.In contrastto someotherstandards,
no methodsareattachedto particularclassesin this phase. In the Fusionmethodthis practice
is donein the designphase. The designerin the designphasechoosesan implementationfor
thesystemoperationsby the run-timebehavior of interactingobjects.Operationsandattributes
areattachedto the classesandthe appropriaterelationshipsbetweenclassesareformulated. In
the implementationphase,the modelsconstructedin the designphaseareturnedinto codein a
particularprogramminglanguage.

Fusionis a methodthatcaneasilybeadaptedfor differentprojects.TheoriginalFusionis by
naturea heavyweight softwareengineeringprocess.A morelightweight versioncanbe usedin
projectsthatcannotafford theadditionaleffort requiredto usethefull version.Partsof theFusion
processor notationscanbeusedto complementweakpointsof otherdevelopmentprocesses.

2.4 The ESA SoftwareEngineeringStandard

TheESA is oneof theoriginatorsof well-documentedsoftwareengineeringstandards.On their
website[Joneset al., 1997] they describein detailwhatmadethemdevelop their ESA Software
EngineeringStandard.In thenext sectiontheirmotivationsaresummarized.Thishistoricalback-
groundis followedby asectioncontainingourown experiencewith theESAsoftwareengineering
standard.

2.4.1 Historical Background

The websitedescribesthat the ESA SoftwareEngineeringStandardsoriginatearound1975. At
that time theESA wasworking on a numberof ambitiousprojectsinvolving thedevelopmentof
large amountsof code. Someof thoseprojectswereon relatively new subjects.Projectgroups
oftenconsistedof excellentengineers,but mostof themwerenotusedto working in projectswith
hugecostsandastrict schedule.Therewasvery little projectdiscipline.

Oneof thoseprojectsinvolveda softwaredevelopmentactivity to supporta missionof which
the launchwasvery important. The projectwaslate andthereweresomemajor hardwareand
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operatingsystemproblems.Thesoftwaredeveloperswerewaiting for improvementsof thehard-
ware.To beableto continuethework, they wantedto reducetheamountof requirementsto only
thosehighly essentialfor thelaunchof thesatellite.But theproblemwasthatnobodyknew what
theexactrequirementswere:“Therewerenowrittenrequirements— atbest,somecouldpartlybe
retrievedfrom minutesof meetings.All therestwerein themindsof theprojectengineers.How
couldcostandschedulebeguaranteedunderthesecircumstances?This wasa projectmanager's
worstnightmare!”[Jonesetal., 1997].

At this momentit wasdecidedto stopany furtherdevelopment.All softwareengineers�rst
hadto write down theirunderstandingof therequirements.Managementwasveryskepticalabout
this decision,especiallysincetheprojectwasalreadylate. However, asit turnedout, it seemed
to be working. As they had a written list of requirements,they werenow able to selectonly
thoserequirementsneededfor the launch. The remainingrequirementswereimplementedafter
thesatellitewaslaunched.In thiscaseadisasterwaspreventedfrom happening.

The Board for Software Standardizationand Control (BSSC)was foundedbecauseof one
verygoodreason:“Weneverwantto �nd ourselvesin thissituationagain!”. This is theseedfrom
which theBSSC,andconsequently, theESA SoftwareEngineeringStandardsgrew.

Thegoalof theBSSCis to de�ne amethodologythatwouldenable:

1. Thedevelopmentof aproductbasedonrequirementsde�nedby theusersof the
system,andnotsolelyon thedevelopers'wishes.

2. A rigoroustestingof thesystembeforeits releasefor operation.
3. Theexecutionof aprojectaccordingto tight costconstraintsandrigoroussched-

ulecontrol. In this regard,it mustbenotedthatlaunchdelaysareextremelyex-
pensive andit is simplyunacceptableto delaya launchbecauseof delaysin the
developmentof softwarecomponents,whethertheseareonboardthespacecraft
or in thegroundsystem.[Joneset al., 1997]

The �rst realistic task of the BSSCwas to de�ne the software life cycle and its phases.This
resultedin initial guidelinesfor the developmentof software, issuedat the beginning of 1978.
Togetherwith theseguidelines,acommonterminologywasintroduced.Thenext stepwasto pro-
ducea setof documents,eachof which coversa speci�c phaseof thesoftwarelife cycle. Those
documentsdescribemilestonesandthe applicablepracticesfor eachphase.A lot of useful in-
formationwasderived from othersoftwareengineeringstandards,especiallyfrom the Institute
of ElectricalandElectronicEngineers(IEEE).TheBSSChaswritten a singledocumentthatde-
scribeshow thedocumentationis organized[EuropeanSpaceAgency, 1991]. In addition,a gen-
eraldocument[EuropeanSpaceAgency, 1995a]wascreatedon how thestandardworksandhow
it shouldbeappliedin a speci�c project.Furthermorea documentis written for eachphaseof the
standard,in chronologicalordertheuserrequirementsde�nition phase[EuropeanSpaceAgency,
1995b],software requirementsde�nition phase[EuropeanSpaceAgency, 1995c],architectural
designphase[EuropeanSpaceAgency, 1995d],detaileddesignphase[EuropeanSpaceAgency,
1995e],transferphase[EuropeanSpaceAgency, 1995f]andtheoperationsandmaintenancephase
[EuropeanSpaceAgency, 1995g]. Projectdocumentationis describedin four documents,soft-
wareprojectmanagement[EuropeanSpaceAgency, 1995h],softwarecon�gurationmanagement
[EuropeanSpaceAgency, 1995i], softwareveri�cation andvalidationcontrol [EuropeanSpace
Agency, 1995j] andsoftwarequalityassurance[EuropeanSpaceAgency, 1995k].



CHAPTER 2. AN INTRODUCTION TO SOFTWARE ENGINEERING METHODOLOGIES 10

“Although [the applicationof the ESA software engineeringstandards]in large projectsis
quite straightforward, experiencehasshown that a simpli�ed approachis appropriatefor small
software projects” [EuropeanSpaceAgency, 1996]. The ESA introduceda specialguide that
providesguidelinesonhow to applythestandardto smallerprojects.This is basicallyasimpli�ed
approachof thefull ESA standard.In this guideanumberof strategiessuitablefor smallprojects
producingnon-criticalsoftwarearedescribed,alongwith possiblewaysof tailoringthemandatory
requirementsto thesesmallprojects.This includesthepossibilityof combiningandsimplifying
thevariousmanagementdocuments.TheESA de�nes a projectto be“small”, if oneor moreof
thefollowing applies:

1. Lessthantwo manyearsof developmenteffort.

2. A singledevelopmentteamof � vepeopleor fewer.

3. Fewer thanapproximately10000linesof sourcecode(excludingcomments).

TheESAsoftwareengineeringguide[EuropeanSpaceAgency, 1991],de�nesseveralcriteria
thatin�uence how thestandardis to beapplied:

� Thenumberof peoplerequiredto develop,operateandmaintainthesoftware.

� Thenumberof potentialusersof thesoftware.

� Theamountof softwarethathasto beproduced.

� Thecriticality of thesoftware,asmeasuredby theconsequencesof its failure.

� Thecomplexity of thesoftware,asmeasuredby thenumberof interfacesor asimilarmetric.

� Thecompletenessandstabilityof theuserrequirements.

� Therisk valuesincludedwith theuserrequirements.

TheESA quali�es a projectof two man-yearsor lessasa smallone;projectsof twentyman-
yearsor morearequali�ed asbig. Thecriticality of thesoftwareis consideredahighly important
factorwhendecidinghow to apply thestandards.Whenfor examplesoftware— developedfor
the launchof anexpensive rocket — fails, it canresultin lossof life andmoney. Sothis kind of
critical softwarehasto bedevelopedwith care.It is up to themanagementor seniormanagement
of a projectto determinein which amountthesefactorsin�uence theactualproject. They often
have the�nal word in whatstandardis to beusedandhow it is to beapplied. In 1994,theESA
haddecidedto starttheimplementationof anew internalsystemof standards.

In June1994,aresolutionhasbeenadoptedby theESACouncilwhichcon�rmed the
commitmentof the agency to transferthe presentProcedures,StandardsandSpeci-
�cations (PSS)systemof ESA spacestandardsto a new systemof standardsunder
preparationby the EuropeanCooperationfor SpaceStandardization(ECSS).Infor-
mation and announcementsaboutECSScan be found on the of�cial website,see
[EuropeanSpaceAgency, 2004]. The ESA, Europeannationalspaceagenciesand
Europeanspaceindustryarerepresentedin theECSS.ThePSSsystemof standards
is a mandatoryinput to thepreparationof theECSSstandards.TheECSSsystemof
standardscoversmanagement,productassuranceandengineeringstandards,speci�-
cally for spaceprojects.In ECSS,softwareengineeringstandardsformabranchof the
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engineeringstandards.TheECSSstandardfor softwareengineering,ECSS-E40,is in
preparation.ECSS-E40will bea high-level requirements-oriented standard.Unlike
PSS-050[EuropeanSpaceAgency, 1991], it re�ects thespeci�cs of spaceprojects,
for examplethe relationshipbetweenthe spacesystemdevelopmentcycle and the
softwaredevelopmentcycle. [Jonesetal., 1997]

The ESA Council hasdecidedthat no new issuesof PSSdocumentswill be released.The
existing PSSstandardswill however remainin forceuntil therelevantECSSstandardsareavail-
ableandadopted.A planwill bepreparedfor theintroductionof ECSS-E40.It is anticipatedthat
thiswill includetestsusingtheECSS-E40standardin selectedESAprojects.A detailedstandard,
practice-oriented,at the level of, for example,thecurrentESA SoftwareEngineeringStandards,
would be expectedasa requirementfor the implementationof ECSS-E40.It would alsobe ex-
pectedthatotherorganizations(e.g.nationalspaceagencies,spaceindustry)might usetheir own
standardsasimplementationsof ECSS-E40.

Within the agency therewill be a continuingneedfor a PSS-050type standardfor muchof
thesoftwaredevelopmentin theagency which is not directly partof a spaceproject,e.g. ground
infrastructuresoftware,administrative softwareandtechnologystudies.

2.4.2 Experiencewith ESA

Our�rst timeexperiencewith theESAsoftwareengineeringstandardwasduringasoftwareengi-
neeringprojectat theTechnischeUniversiteitEindhoven(TU/e) in 2000–2001.Thedevelopment
teamconsistedof 10 members.Eachteammemberhadto work on theprojectfor approximately
two man-months,this addsto a total of lessthantwo man-years.Theassignmentwasto develop
thesoftwareusingtheESA softwareengineeringstandard.We attendedclassesin which theba-
sicsof this standardwerepresented.Oneof thegoalsof this softwareengineeringprojectwasto
getfamiliar with workingaccordingto asoftwareengineeringstandard.

In the caseof our softwareengineeringproject,seniormanagementdecidedto usethe full
ESA softwareengineeringstandard,withoutany weakening.Thedevelopmentteamitself hadno
sayingwhatsoever on how the standardwasto be applied. It would have beenbetterto usethe
ESA lite for this project,becausethedevelopmenteffort waslessthan2 monthsandthenumber
of linesof codedid not exceed10.000.Only thenumberof projectmemberswastoo high to use
ESAlite. Theprojectwasalsosuitedfor anagileapproach.

In thatprojectwe experiencedthat theESA standardwastoo heavy andcausedunnecessary
overhead.We werefocusingtoo muchon the process,andtasksthat werepurely relatedto the
process.Oneexamplewasextensive managementandproductdocumentation.Furthermore,the
strictlyde�nedroleswereunnecessaryfor thesmallsizedandco-locateddevelopmentteam.How-
ever, oneof thegoalsof thecoursewasfor thedevelopmentteamsto gainexperienceworkingwith
aheavyweightstandard.Fromthispointof view, theeducationalaspectmadetheprojectvaluable.

Eachphaseendedwith the delivery of oneor moredocumentsthat hadto be reviewed ex-
tensively beforeits acceptance.As a resultof delaysin the early phasesin which a lot had to
be documentedandreviewed, we found ourselvesshort in time for implementationandtesting.
Adding the dif�culties of maintainingdocumentationin the implementationphaseandthe lack
of time, morethan50%of thedocumentswerefound to beoutdatedby thenendof theproject.
Besidesthelearningexperience,it is questionablewhetherwriting thesedocumentswasworththe
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effort for theproject's end-product.

2.5 Agile SoftwareEngineering

Agile softwaredevelopmenttries to give an answerto the businesscommunityaskingfor more
lightweightdevelopmentprocesses.Key elementsof anagiledevelopmentprocessaresimplicity
andspeed.In a review andanalysisof agilesoftwareengineeringmethodsby Abrahamssonand
associates,amethodis de�ned to beagilewhenthesoftwaredevelopmentis [Abrahamssonetal.,
2002]:

1. Incremental– smallsoftwarereleasesandrapidcycles.

2. Cooperative – thecustomeranddevelopersworkingconstantlytogetherwith a lot of close
communication.

3. Straightforward – themethoditself is easyto learnandmodify.

4. Adaptive– enableslastmomentchanges.

It is accepted,especiallywithin the agile community, that agile denotesa way of thinking and
is not necessarilya �x edmethod.In softwareengineering,agileprocessesarelow-overheadpro-
cessesthatacceptthatsoftwareis dif�cult to control.They minimizeriskby ensuringthatsoftware
engineersfocusonsmallerunitsof work, or focusonfewer, ratherthantoomany, thingsata time.
In general,agileprocessesimposeaslittle overheadaspossiblein theform of rationale,justi�ca-
tion, documentation,reporting,meetings,andpermission.Replacingbefore-the-fact permissions
with after-the-factforgivenessis oneof thekey elementsof reducingoverhead.Thekey principles
of agilemethodologies,identi�ed by Khan[Khan,2004],are:

� Peopleoriented – People,whicharecustomers,developersandend-usersaswell, arecon-
sideredthemostimportantfactorof softwaredevelopment.

� Adaptive – Proponentsof agilemethodologiesbelieve — andthusassume— thatchange
is inevitable. Peopledo changetheir mind, whetheror not they signeda contract.That is
why agilemethodologieswelcomechangeat every stageof a project. Adaptabilitymeans
beingableto quickly respondto changingconditions.This impliesthatcreative peopleare
preferredto beinvolvedin theproject.

� Decentralizedapproach– Thedecision-makingprocessis decentralized.This meansthat
the peoplethat areactuallywriting the codecanmake the �nal decisions.This of course
doesnot meanthattechnicalpeoplecantake therole of themanagementpeople.Manage-
mentis still responsiblefor generaldecisionsandmanagementactivities. However, techni-
calexpertiseof thedevelopershasto berecognizedby management.Thechainof command
— de�ned asthenumberof personsbetweenthecustomerandthedevelopers— shouldbe
minimal.

� Limited size– Smallteamsarepreferredwhenanagilemethodologyis applied.Occasion-
ally agileprojectshave succeededwith somewhatbiggerteams,but in generalagility does
notwork with big developmentteams.
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Theprinciplesmentionedabovecanalsobeseenin table2.1thatshows differencesbetweenagile
andheavyweightmethodologies.Theagilemethodologywill beexplainedby its historicalback-
groundandtheAgileManifesto. Theagilemovementde�nesamanifesto,unlike theheavyweight
methodology, to identify processesasagile. Therefore,theAgile Manifestowill beexplainedin
detail,but no detailedexamplesof actualagilemethodsaregiven.

2.5.1 Historical Background

Interestin agile methodologieshasblossomedin the last coupleof years. The roots however
go backto the early 1990s. Agile processesevolved aspart of the reactionagainstthe existing
heavyweight processes.Theseprocesseswereseenasbureaucratic,slow, demeaning,andmost
importantcontradictedthewaythatsoftwareengineersactuallywork. Thishasbeentheorigin for
a lot of discussionsbetweenfollowersof agileandheavyweightsoftwareengineeringmethodolo-
gies,seefor examplethetwo greatmethodologiesdebates[Highsmithet al., 2001,Highsmithet
al., 2002]thathave beenpublishedin theCutterIT Journal.

Exactly following a planwasno longerthemostimportantgoalof a project.Satisfyingyour
customersat thetime of delivery — andnotat thestartof a project— becamemoreimportant.It
seemedto happenthatmajorchangesin therequirements,scope,andtechnologyoccurredduring
the life spanof a project. Thesechangeswere often out of control of the developmentteam.
Traditionalapproachesassumedthat,by just trying hardenough,it wouldbepossibleto createthe
setof requirementsearlyin advanceandthuseliminatethecostof change.Nowadays,eliminating
changesearlymeansbeingunresponsive to actualbusinesschanges.It is, however, importantto
becarefulto retainquality whenembracingchange.Themarket demandsandexpectsinnovative
softwareof high quality meetingtheir needs,in as little time aspossible. Agile methodsarea
responseto thisgrowing expectation.

2.5.2 Agile Manifesto

Thetermagilewasbornatameetingof seventeenpeoplewhogot togetherfor threedays,starting
on February11th 2001in The Lodgeat Snowbird ski resortin the Wasatchmountainsof Utah
[Becketal., 2001,Theunissenetal., 2003].Amongthosepeoplewererepresentativesof Extreme
Programming(XP), Crystal,FeatureDriven Development(FDD), SCRUM, Adaptive Software
Development(ASD), DynamicSystemsDevelopmentMethodology(DSDM) andPragmaticPro-
gramming. All thesepeoplefelt the urgentneedfor a new approachto softwaredevelopment,
rejectingthe traditionalheavyweight document-driven methodologies.Becauseof the opposite
natureof thesenew methodologies,they were called `lightweight'. The goal of the attendees
of themeetingwasto �nd commongroundbetweenthis diversityof lightweightmethodologies.
The resultof the meetingwasmore thanthe attendeesexpected:not only a commonbasisfor
all thelightweightmethodologieswasdiscovered,it wasconsideredextensive enoughto form an
alliance.Thecommonbasisthey agreedonwaslaid down in amanifestothatwassignedby all at-
tendees.They agreedontheterm`agile' to classifythelightweightmethodologies.TheManifesto
for AgileSoftware Developmentwasformulatedasfollows:

Weareuncoveringbetterwaysof developingsoftwareby doingit andhelpingothers
do it. Throughthiswork wehave cometo value:



CHAPTER 2. AN INTRODUCTION TO SOFTWARE ENGINEERING METHODOLOGIES 14

Individualsandinteractionsover processesandtools
Workingsoftwareover comprehensive documentation
Customercollaborationovercontractnegotiation
Respondingto changeover following aplan

That is, while thereis valuein the itemson the right, we valuethe itemson the left
more.[Becket al., 2001]

MembersthatsigntheAgile Manifestoadhereto thefollowing principles:

1. Our highestpriority is to satisfy the customerthroughearly and continuousdelivery of
valuablesoftware.

2. Welcomechangingrequirements,evenlatein development.Agile processesharnesschange
for thecustomer's competitive advantage.

3. Deliver working softwarefrequently, from a coupleof weeksto a coupleof months,with a
preferenceto theshortertimescale.

4. Businesspeopleanddevelopersmustwork togetherdaily throughouttheproject.

5. Build projectsaroundmotivatedindividuals. Give themtheenvironmentandsupportthey
need,andtrustthemto getthejob done.

6. Themostef�cient andeffective methodof conveying informationto andwithin a develop-
mentteamis face-to-faceconversation.

7. Workingsoftwareis theprimarymeasureof progress.

8. Agile processespromotesustainabledevelopment. The sponsors,developers,and users
shouldbeableto maintainaconstantpaceinde�nitely.

9. Continuousattentionto technicalexcellenceandgooddesignenhancesagility.

10. Simplicity — theart of maximizingtheamountof work notdone— is essential.

11. Thebestarchitectures,requirements,anddesignsemergefrom self-organizingteams.

12. At regular intervals, the teamre�ects on how to becomemore effective, then tunesand
adjustsits behavior accordingly.

Fromtheseprinciplesit clearlyemergesthattherearetwo basicimportantconcepts:working
codeandpeopleworking effectively together, see[Highsmith andCockburn, 2001a,Highsmith
andCockburn,2001b].Workingcodeis ameasurementfor thedevelopersandcustomersof what
hasalreadybeendoneandmoreimportantwhat still hasto be doneto meettheexpectationsof
thecustomer. No matterwhetherthecodewill bedeletedor modi�ed, it is alwaysreal.

Almostall methodologiesprovide inclusive rules:thingsthatcouldpossiblybedoneunderall
situations.This often resultsin a far too big list of thingsthat may not or mustbe done. Agile
methodson theotherhandtry to offer a minimumsetof generative rules,which describethings
thatmustbedoneunderall circumstances.Usingthissmallsetof principles,appropriatepractices
for specialsituationscanbegenerated.Inclusive rulesdescribesomeonesown interpretationon
practicesandconditionsin all differentkind of situations.This of courseis subjectto changes
in time andthereforeis doomedto becomeincomplete. Generative rules,however, needto be
interpretedby eachindividual adheringto theserules,which requirescreativity to �nd waysto
solve the problem. Creativity — andnot an extendedsetof written rules— is the bestway to
managecomplex softwaredevelopmentproblemsin adiversityof situations.
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2.5.3 Experiencewith Agile

Our �rst experiencewith a softwareengineeringprocesswas,asdescribein Section2.4.2,with
the ESA softwareengineeringstandardduring a softwareengineeringprojectat the TU/e. The
ESAstandardis obviouslyaheavyweightprocess.Weexperiencedit asheavy, but at thattimewe
hadno knowledgeof theexistenceof lightweightor agilemethodologies.We foundthatwewere
writing a lot of documentation,andthatthefocuslied toomuchontheprocessitself insteadof the
actualproduct.

For the componentdevelopmentprocess,we startedoff with the ESA softwareengineering
standard.We wantedto addmorestructureto thedevelopmentof thecomponentsandwe chose
the ESA standard,becausewe only hadexperiencewith that standard.To lighten the process,
we switchedto the ESA lite standard[EuropeanSpaceAgency, 1996], insteadof the full ESA
standard.We decidedto distill theESA lite standardto a customizedversionfor thecomponent
developmentprocess.Theresultingprocessis describedin Chapter4.

After studyingtheagilemovement,thesimilaritieswith our customizedprocessbecamevisi-
ble immediately. We originally did not designtheprocessto beagile,but theprocessdoesful�ll
thevaluesandprinciplesde�ned by theAgile Manifesto,seeChapter4.

2.6 The OpenSourceSoftwareDevelopmentModel

Opensourcesoftware shows that reliable,high quality software may be producedquickly and
inexpensively. A lot of reportsthat have beenpublishedtendto be somewhat evangelical,con-
centratingon the genuinesuccessstoriesassociatedwith the opensourceapproach[Feller and
Fitzgerald,2000].Recently, quantitative analyzesandempiricalstudiesareconductedon thesub-
ject of opensourcesoftwareengineering.Themainquestionis: “Can theopensourcesoftware
developmentmodelbeclassi�edassoftwareengineering?”To answerthis question,�rst a short
historyandexplanationof opensourcewill bediscussed.

2.6.1 Historical Background

Althoughthetermopensourcewasonly recentlycoined,freesoftwarehasa long history. Perens
summarizesthehistoryof opensource:

“When computers�rst reacheduniversities,they wereresearchtools. Softwarewas
freelypassedaround,andprogrammerswerepaidfor theactof programming,not for
theprogramsthemselves.Only lateron,whencomputersreachedthebusinessworld,
didprogrammersbegin to supportthemselvesby restrictingtherightsto theirsoftware
andchargingfeesfor eachcopy. FreeSoftwareasapolitical ideahasbeenpopularized
by RichardStallmansince1984,whenheformedtheFreeSoftwareFoundation[Free
SoftwareFoundation,2004a]andits GNU'sNot Unix (GNU) project[FreeSoftware
Foundation,2004c]. Stallman's premiseis that peopleshouldhave more freedom
andshouldappreciatetheir freedom.He designeda setof rightsthathefelt all users
shouldheave, and codi�ed them in the GNU GeneralPublic License(GPL) [Free
SoftwareFoundation,2004b].Stallmanpunninglychristenedhis licensethecopyleft
— `all rightsreversed'— becauseit leavestheright to copy in place.” [Perens,1999]
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Whereproprietarycommercialsoftwarevendorssaw an industryguardingtradesecretsthat
mustbetightly protected,Stallmansaw scienti�c knowledgethatmustbesharedanddistributed
[DiBonaet al., 1999].Thescienti�c methodrestson aprocessof discovery andjusti�cation. For
scienti�c resultsto be justi�ed, they mustbe replicable. Replicationis not possibleunlessthe
sourceis shared:thehypothesis,thetestconditions,andtheresults.Only by sharingsourcecode,
peersareenabledto replicateresults. To demonstratethe validity of a programto someone,he
or shemustbe provided with the meansto compileandrun the program. Hence,sourcecode
is fundamentalto the furthering of computerscienceand freely available sourcecodeis truly
necessaryfor innovationto continue.

TheFreeSoftwareFoundationpolicy is stronglyideologicalandgiventheidealismof suchor-
ganization,it is deemedto beanti-commercialandhostileto any pro�t motive [FellerandFitzger-
ald, 2000]. WhenStallmanis talking aboutfreesoftware,he is actuallytalking aboutfree asin
libertas, e.g. freespeechandnot freeasin gratis, e.g. freebeer. This radicalmessage(thefree-
dompart,not thebeerpart) led many softwarecompaniesto rejectfreesoftwareoutright. After
all, they arein the businessof makingmoney, not addingto the body of knowledgeof the free
softwarecommunity[DiBonaet al., 1999].

In thespringof 1997,a groupof leadersin the freesoftwarecommunityassembled
in California. This groupincludedEric Raymond,Tim O'Reilly, andVA Research
presidentLarry Augustin,amongothers.Their concernwasto �nd a way to promote
theideassurroundingfreesoftwareto peoplewhohadformerlyshunnedtheconcept.
They wereconcernedthattheFreeSoftwareFoundation's anti-businessmessagewas
keepingtheworld at largefrom reallyappreciatingthepowerof freesoftware.

At EricRaymond'sinsistence,thegroupagreedthatwhatthey lackedin largepartwas
a marketing campaign,a campaigndevisedto win mind share,andnot just market
share. Out of this discussioncamea new term to describethe software they were
promoting: opensource. A seriesof guidelineswerecraftedto describesoftware
thatquali�ed asopensource.. . . TheOpenSourceDe�nition (OSD)allows greater
liberties with licensingthan the GPL does. In particular, the OSD allows greater
promiscuitywhenmixing proprietaryandopensourcesoftware.[DiBonaetal., 1999]

A well known disputein theopensourcecommunitywasgoingon latein 1998. In anaim to
build anobject-orienteddesktopinterface,Troll Technology's Qt library — aproprietarypieceof
code— wasusedin theK DesktopEnvironment(KDE) project.Beforethepresenceof theOSD,
Troll Technologywould have hadto choosebetweenapplyingtheGPL to Qt andmaintainingit
proprietary. With thenew de�nition of opensource,however, Trolltechwasableto draw uptheQ
PublicLicense(QPL) license[TrolltechAS, 2004]meetingtheOSD,but still giving themcontrol
over thetechnologythey wanted.

2.6.2 The OpenSourceDe�nition

Opensourcesoftwareis characterizedby severaldifferencesto traditionalsoftwaredevelopment
anddistribution. TheOSD[Perens,1999],articulatedby theOpenSourceInitiative (OSI)1, is a

1Opensourceis a certi®cationmarkownedby theOSI (http://www.opensou rce .or g)
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bill of rights for thecomputeruser. It de�nescertainrightsthata softwarelicensemustgrant,to
becerti�ed asopensource:

� Theright to make copiesof theprogram,andredistribute thosecopies.

� Theright to have accessto thesoftware's sourcecode,a necessarypreliminarybeforeyou
canchangeit.

� Theright to make improvementsto theprogram.

Theserights are importantto the softwarecontributor becausethey keepall contributors at the
samelevel relative to eachother. Perens[Perens,1999]arguesthat thereasonfor thesuccessof
this somewhatcommunist-soundingstrategy, althoughthe failureof communismitself is visible
aroundtheworld, is thattheeconomicsof informationarefundamentallydifferentfrom thoseof
otherproducts.Nowadays— in our westernizedworld — thereis very little costassociatedwith
copying a pieceof informationlike a computerprogram.In comparison,you can't copy a loaf of
breadwithoutapoundof �our .

The OSD is not a licenseitself; a speci�c licensecancomply to the OSD or not. Whena
pieceof software is releasedundera licensethat satis�es the OSD, the softwaremay be called
opensource.Thecanonicalversionof theOSDcanbe foundat [OpenSourceInitiative, 2004].
Examplesof opensourcecompliantlicensesaretheGPL andLibrary GPL (LGPL) license,the
Mozilla Public License(MPL) and the X Licensewith relatedBerkeley Software Distribution
(BSD)andApachelicenses.

2.6.3 OpenSourceSoftware Engineering

Canopensourcebeclassi�edasSoftwareEngineering?And if so,is it aheavyweightmethod,an
agilemethodor a methodon its own. In thepastcoupleof yearstherehasbeena lively debate
aboutopensourceassoftwareengineering,with many publicationson the topic of opensource
softwareengineering[Robbins,2003,Vixie, 1999,Koch,2004,FellerandFitzgerald,2000,Koch
andSchneider, 2000,ReisanddeMattosFortes,2002,Browne,1998]. Vixie [Vixie, 1999]tried
to analyzewhetherthe processof developing opensourceprojectscan be marked as software
engineering. Koch haspublishedan article about the relation betweenagile and opensource
[Koch,2004].

Opponentsof opensourceoftenusetermslike cowboy coding,unplannedandundisciplined
hackingor similar terms.Many of theseargumentsoftenarefacedby agiledevelopment.Vixie
claimsthatsoftwareengineeringis “a wider �eld thanwriting programs”.Theseminalmoment
whena developerchangesfrom programmerinto software engineeris whenherealizesthaten-
gineeringis a �eld and that he is able to enterthat �eld. But enteringthe �eld will requirea
fundamentallydifferentmindset,anda lot morework. Vixie identi�es theelementsin theprocess
of engineeringas:

1. Identify therequirements.

2. Designasolutionthatmeetstherequirements.

3. Modularizethedesign;plantheimplementation.

4. Build; test;deliver; support.
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Engineeringis an old �eld, and theseelementsnot only apply to softwareengineeringspeci�-
cally. Vixie analyzesopensourcesoftwaredevelopmentaccordingto thesedifferentphases,to see
whetheropensourcesoftwaredevelopmentcanbequali�ed assoftwareengineering.

Opensourcedeveloperstendto starta projectfor a pieceof softwarethey wish they had.The
requirementsareoftennaileddown onaUsenetdiscussionforumor viamailinglists. Nonetheless,
thereis a clearprocessof negotiationgoingon amongstdevelopers.Thedesignoften is implicit
andevolvesin theprocessof implementation.A written down versionof thedesignis rare,but
usuallythereis a systemdesignof thesoftware.A detaileddesignis not very common,thecode
tendsto be the detaileddesignin opensourcesoftware. A lot of goodandotherwisereusable
codegetshiddenthis way. Although differentAPI documentationsystemsaredeveloped,they
arestill not very commonin theopensourceworld. Theimplementationphaseis thephasewhat
opensourcedevelopmentis all about.Theopportunityto write codeis theprimarymotivationfor
practicallyall opensourcesoftwaredevelopmenteffort everexpended.Thewayopensourcesoft-
wareis testedis uniquein its �eld. While thesoftwareis beingdesignedandbuilt, experienceof
end-usersarereportedbackwhenever thesoftwareis used.In addition,anotheradvantageenjoyed
by opensourceprojectsis thepeerreview of dozensor hundredsof otherprogrammerslooking
for bugsby readingsourcecoderatherthanjustby executingpackagedsoftwareexecutables.The
supportof opensourcesoftwareis ratherchaotic. This cankeepsomeusersfrom beingwilling
(or able)to run unfundedopensourceprograms,but it alsocreatesopportunitiesfor consultants
or softwaredistributorsto sell supportcontractsor enhancedor commercialversions.More and
morecompaniessuccessfullytake thisopportunity.

The conclusionof this analysisis that opensourcesoftware developmentcan be software
engineering.An exampleis theMozilla projectwhich accordingto this analysisandtheresearch
by ReisandFortes[Reis andde MattosFortes,2002] canbe marked asan exampleof an open
sourcesoftwareengineeringproject. Generallyopensourcedevelopersoften succeedfor many
yearsbeforethe differencebetweenwriting a program andsoftwareengineering�nally catches
upwith them.

If opensourcecanbe quali�ed assoftwareengineering,the questionremainswhetherit is
heavyweight, agile or a methodologyon its own. Thereis an ongoingdiscussionon this topic.
Recentresearch[Koch,2004]hasshown thattherearesimilaritiesbetweenagileandopensource
development.Additionally, empiricaldatasupportsthesesimilaritiesin the emphasison highly
skilled individualsat the centerof a self-organizingdevelopmentteam,the acceptanceandem-
braceof changeby usingshortfeedbackloopsandfrequentreleasesof code,andcloseintegration
with customersandusers[KochandSchneider, 2000]. However Cockburn [Abrahamssonet al.,
2002] notesthat opensourcesoftware developmentdiffers from the agile developmentmodel
in philosophical,economicalandteamstructuralaspects.Philosophicallyandeconomically, the
opensourcesoftwaredevelopmentmodelis basedon idealisticbeliefs.Theopensourcesoftware
developmentmodeldiffersfrom theagiledevelopmentmodelin teamstructuralaspectsconsider-
ing theteamco-locationandpersonalcontactdemandedby agiledevelopment.Theresultsof this
researchindicatethattheopensourcedevelopmentprocesscannotbequali�ed asa heavyweight
methodologybecauseof thecloseintegrationof customersandusersandembraceof change.

The softwaredevelopmenttools [Robbins,2003] usedin the processareanotherkey factor
in the opensourcesoftware model. Thereareseveral commonpracticesthat can be found in
many opensourceprojects.Themostwidely adoptedopensourcesoftwareengineeringtoolsare
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the resultof thesepractices.The featuresof thesetools areaimedat somekey practicesof the
opensourcemethodologyandhencelessspeci�cally aimedat thecommonsoftwareengineering
practices.Theaspectof toolsin�uencing thedevelopmentprocess,is oneof theimportantissues
thatwill bediscussedin this dissertation.Chapter3 will describetheimportanceof toolsin more
detail.Theopensourcedevelopmentmodelis oneof akind in this regard.

It canbeconcludedthattheopensourcesoftwaredevelopmentmodelshows similaritieswith
the agile developmentmodel,andtools play an importantrole in the opensourcedevelopment
process.Becauseno empiricaldataexist whetherthe opensourcesoftwaredevelopmentmodel
canbequali�ed asagile,wewill treatit is a separatemethodology.

2.6.4 PersonalExperienceswith OpenSource

In thesoftwareengineeringprojectsthatincludedtheauthorsasteammembers,much— andoften
only — opensourcesoftwarewasused.Both authorshave gainedmuchexperienceusingopen
sourcesoftwareengineeringtools. Examplesof opensourcetools we usefrequentlyandtools
thatwe have usedin thepastarenumerous,includingbash,ConcurrentVersionsSystem(CVS),
GNU's autoconfandautomake, make, LATEX, MetaPost2, gcc,to namea few. Zwartjeshasbeen
working with Linux startinglate1998,usingit ashis base(development)platformstartingfrom
around2000.VanGeffenhasbeenanactive Linux userfrom around2000.

Recentlybothconvertedto theGentooLinux Distributionandareactivemembersof theGen-
too community, throughrunning the unstable(testing)versionof the systemandreportingand
�xing bugstherein. Zwartjesstartedan opensourceprojectcalledGTK DevelopmentEnviron-
ment (GDE) in October2000, that aimedto be an IntegratedDevelopmentEnvironment(IDE)
framework aroundcommonlyusedtools.This wayhehad�rst handexperiencewith opensource
developerparticipation;many peoplesubmittedbug �x esandextra features.Unfortunately, uni-
versityprojectsandexamstookmoreandmoretimeandleft GDEunmaintainedfour monthsafter
it wasborn. After theacquisitionof a new laptop,ZwartjesalsojoinedtheACPI4Asusteamfor
a while, to supportthedevelopmentof theAdvancedCon�guration andPower Interface(ACPI)
driver for Asuslaptops.

Opensourceoffers a hugepool of software that can be usedfreely and that is a valuable
resourcewhenthetoolsfor aprojectarechosen.In Chapter5 theselectionof softwareengineering
tools will be discussedandsomeof the frequentlyusedopensourcesoftwareengineeringtools
will behighlighted. Theproposalfor a methodfor thedevelopmentof softwarecomponents,in
Chapter4, hassomein�uencesfrom theopensourcemodelaswell.

2.7 MethodologySelection

Khansummarizesthekey differencesbetweenheavyweightmethodologiesandagilemethodolo-
gies[Khan,2004],illustratedin Table2.1.An additionalrow is includedthatshowsthedifference
in chainof command.Thebasicdifferencebetweenagileandheavyweightmethodologiesis the
weight. Proponentsof agilebelieve thatyou cannotachieve agility with heaviness.Somecritics

2More precisely, thetetex distribution, includingbothLATEX andMetaPost,aimsto betheTEX systemthatconsists
of only freesoftware.
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Agile methodology Heavyweight methodology

Approach Adaptive Predictive

Successmeasurement Businessvalue Conformationto plan

Project Size Small Large

Managementstyle Decentralized Autocratic

Perspective to change Changeadaptability Changesustainability

Cultur e Leadership-collaboration Command-control

Documentation Low Heavy

Emphasis People-oriented Process-oriented

Cycles Numerous Limited

Domain Unpredictableandexploratory Predictable

Teamsize Smallandcreative Large

Upfr ont planning Minimal Comprehensive

Return on investment Early in theproject Endof theproject

Chain of command Minimal Considerable

Table2.1: Differencesbetweenagile andheavyweightmethodologies
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Agile method Heavyweight method

Objective Rapidvalue High assurance

Scope(requirements) Subjectto change,uncertain,
largely emergentunknown

Well known, largely stable

Resources(money,
infrastructur e)

Uncertainbudget,money tight Suf�cient budget

Time Unclearandnotwell de�ned
milestones

Clearandde�ned milestones

Risks Unknown risks,majorimpact
new technology

Well understoodrisks,minor
impact

Ar chitecture Designfor currentneeds Designfor currentandfuture
needs

Developers Agile, co-located,collaborative Process-oriented,adequately
skillful

Customers Collaborative,dedicated,co-
located,knowledgeable

Knowledgeable,representative,
collaborative

Refactoring, Cost of
change

Inexpensive Expensive

Table2.2: Whento usean agile or heavyweightmethodology

refer to agile asa hackingapproach.They claim that agility is anotherfancy andad-hocname
for lack of planning. However, thereis someplanning— thoughlimited — involved. The rea-
sonfor the limit is that it is hardto predictthe future,andif the future is going to change,why
plan too much?Planninglesscanbea goodapproachin extremesituations,but in a predictable
environment,it mightnotdeliver thedesiredresult.

Someof the limitations of agile approachesare teamand projectsize. It is hard to create
large agile teams,sincethesemethodsheavily rely on collaborationandcreativity amongteam
members. Furthermore,agile methodsare aimedat early return on investment. The standard
for successin anagilemethodologyis earlyandcontinuousdeliveranceof working featuresand
software. In contrast,heavyweightmethodologiesdependfor a greatamounton documentation,
upfrontplanning,andcloseconformanceto plan.

Anotherdifferenceis theway softwareis developed.In anagilemethod,softwaregrows with
eachiteration. Eachiteration addsextra value to the �nal productthat is to be delivered. In
contrary, heavyweight methodstry to formulateall requirementsin advanceandthenbuild and
testtheapplicationagainstthespeci�cations.

Table2.2 enumeratesindicationsto choosefor an agile or heavyweight method. This table
wasalso�rst publishedby Khan in [Khan, 2004]. It is goodto realizethat the indicatorsin the
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Figure 2.1: Correlationbetweenproblemsize, numberof peopleandmethodology. Thevertical
linesdenotethemaximumproblemsizefor thespeci�c methodology.

tableareall valuesat thefar endof a spectrum.In practice,you will probablyhave to dealwith
valuesthataresomewherein betweenof thoseextrema. In mostcases,it will not bepossibleto
saywhetheryou needan agile or heavyweight method. All factors,however, will contribute to
your �nal answeronhowagile or heavyweightyour methodologyis or hasto be.

Alistair Cockburn hasdescribedfour principlesfor methodologyselectionin “Selectinga
Project's Methodology”[Cockburn,2000]:

� Principle 1 – A largergroupneedsa largermethodology.

� Principle 2 – A morecritical system— onewhoseundetecteddefectswill producemore
damage— needsmorepublicly visiblecorrectness(greaterdensity)in its construction.

� Principle 3 – A relatively small increasein methodologỳ size' or densityaddsa relatively
largeamountto theprojectcost.

� Principle 4 – Themosteffective form of communication(for transmittingideas)is interac-
tiveandface-to-face,asat awhiteboard.

Oneof the reasonsto usea methodologyis to coordinatepeople. This canbe usedto explain
the �rst principle. The larger the group,the larger (or moreheavyweight) the methodology. A
methodologyfor a small teamshouldnot be expectedto work properlyfor a big teamandvice
versa. More peoplerequiresmoreweight. Figure2.1 illustratesthis relationbetweenproblem
size,numberof peopleandmethodology, originally drawn by Cockburn [Cockburn, 2000]. Note
that therecanbe a limit for a methodologyon the sizeof a problemthat canbe solved within
reasonabletime. A problemwith this principleis thefactthatno reliableway existsto determine
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theproblemsizeat thestartof a projector thenumberof peoplethatareneededto solve it. The
numberof peoplecanvaryfor thesameprojectdependingonwhich peoplearein theprojectteam.

Thesecondprincipleexplainstherelationbetweenthecriticality of thesoftwareandtheweight
of themethodology. Cockburn names4 levelsof criticality in termsof losszonesindicatingwhat
getslost whenthesystemsfails: (1) lossof comfort, (2) lossof discretionarymoney, (3) lossof
irreplaceablemoney, and(4) lossof life. Every next level is morecritical thanits predecessor.
Obviously, amore�ne-graineddistributionof levelsis possible.Thecriticality is anindicationfor
theamountof weightin amethodology.

The third principle statesthat increasingthe methodologywith a relatively small amountin
size,addsa relatively large amountto the costsof the project. Note that this principle doesnot
judgethefactwhetheror not suchanadditionto themethodologyis useful, it only pointsout the
costof addingelementsandcontrol to themethodology. “A pausein thedevelopmentprocessto
coordinatewith otherpeopledoesnot only cost time but alsoconcentration.Updatingrequire-
ments,design,andtestdocumentsis alsotime consuming.” With lessweight, peoplecanwork
with moreproductivity. Thecurrenteconomicsituationandits impacton theavailablebudgetfor
softwaredevelopmentprojects,causedthecosteffectivenessto becomeoneof themostimportant
factorsof aproject.In business,this is mainly thereasonwhy agilemaybepreferred.

Thelastprincipleis aboutthecommunicationbetweenpeople.Communicationbetweenpeo-
ple is mosteffective whenit is frequent,face-to-faceandinteractive [Cockburn, 2000]. If pro-
ductivity andcostof theprojectareimportantissues,thenamethodologyshouldemphasizesmall
groupsandclosecontactwithin a groupandbetweengroups. “Peoplethat aresitting neareach
other, with frequent,easycontact,will developsoftwaremoreeasily;that is, thesoftwarewill be
lessexpensive to develop.”

In additionCockburn addressestwo extra factorsthatmay in�uence thechoicefor whatever
methodologyis appropriate:(1) theprojectpriorities,and(2) themethodologydesigner's pecu-
liarities. “It mattersgreatlywhethertheprojectsponsorsor customerswant to have thesoftware
soon,wantit defectfree,or wantto havetheprocessvisible. Eachprioritizing producesadifferent
recommendation.” Understandingof thesepriorities is rarelyeasy. Thesecondfactorcanbeex-
plainedby meansof thephrase:“All methodologyis basedonfears.” Althoughit hasinitially been
saidby KentBeckin adismissive way, it hasneverthelessturnedout to berelevant.Eachelement
in theprocessor methodologycanbeconsidereda preventive measureagainsta badexperience
someprojecthashad. “Afraid thatprogrammersmake mistakes?Hold codereviews. Afraid that
designerswill leave in themiddleof a project?Have themwrite extensive documentationasthey
proceed.” So if the designerof somemethodologywould or couldexpressits fearsandwishes,
muchof thedesignof themethodologywouldbecomeimmediatelyapparent.

2.8 Processand People

Anotherimportant— if not themostimportant— issuewith asoftwareengineeringprocessis the
personsthathave to adhereto it. Cockburn andHighsmithaddressseveral factorsin their article
on the in�uence of the humanfactor in an agile softwaredevelopmentenvironment[Highsmith
andCockburn,2001b].“If thepeoplein aprojector developmentteamaregoodenough,they can
usealmostany processandaccomplishtheir assignment.If they arenotgoodenough,no process
will repairtheir inadequacy.” However, a developmentteamdoesnot alwaysconsistof thebest
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developersavailable. A processwill not repairinadequacies,but shouldguideandbring out the
bestin people. They continue: “An agile processrequiresresponsive peopleandorganizations.
Agile developmentfocuseson the talentsandskills of individualsandmoldsprocessto speci�c
peopleandteams,not the otherway around.” Michael Jacksonmagni�cently pointsout a truth
aboutthehumanfactorin softwaredevelopment,entitledBrilliance:

SomeyearsagoI spenta weekgiving an in-houseprogramdesigncourseat a man-
ufacturingcompany in themid-westof theUnitedStates.On theFridayafternoonit
wasall over. TheDPManager, whohadarrangedthecourseandwaspayingfor it out
of hisbudget,askedmeinto hisof�ce.

“What do you think?” he asked. He wasaskingme to tell him my impressionsof
his operationand his staff. “Pretty good,” I said. “You've got somegoodpeople
there.” Programdesigncoursesarehardwork; I wasvery tired; andstaff evaluation
consultancy is chargedextra. Anyway, I knew he really wantedto tell me his own
thoughts.

“What did you think of Fred?” heasked. “We all think Fred's brilliant.” “He's very
clever,” I said. “He's not very enthusiasticaboutmethods,but heknows a lot about
programming.” “Yes,” saidtheDPManager. Heswiveledroundin hischairto facea
huge�o wchartstuckto thewall: about� ve largesheetsof line printerpaper, maybe
two hundredsymbols,hundredsof connectinglines. “Fred did that. It' s thebuild-up
of grosspay for our weekly payroll. No oneelseexceptFredunderstandsit.” His
voicedroppedto a reverenthush. “Fred tells methathe's not sureheunderstandsit
himself.”

“Terri�c,” I mumbledrespectfully. I got the pictureclearly. FredasFrankenstein,
Fredthebrilliant creatorof theuncontrollablemonster�o wchart. Thatmatchedmy
own impressionof Fredvery well. “But whataboutJane?”I said. “I thoughtJane
wasverygood.Shepickedup theprogramdesignideasvery fast.”

“Yes,” saidtheDPManager. “Janecameto uswith agreatreputation.Wethoughtshe
wasgoingto beasbrilliant asFred. But shehasn't really provedherselfyet. We've
given her a few problemsthat we thoughtweregoing to be really tough,but when
she�nished it turnedout they weren't really dif�cult at all. Most of themturnedout
prettysimple.Shehasn't reallyprovedherselfyet— if you seewhatI mean?”

I saw whathemeant.[Jackson,1995]

2.9 Conclusion

Softwareengineeringis a �eld thatexists for somedecadesnow, andhasemergedinto a widely
usedand debatedexercisein software development. Threemain trendshave evolved: heavy-
weight,agile,andopensourcesoftwareengineering.All of whichhavesomesimilarities,but also
have their own peculiarities.Which oneshouldbe usedfor a project? Theheavyweight propo-
nentswill claim that you shouldalwaysusesomeprocessandbewareof unplannedhackingor
cowboy coding. Theagilemovementwill try to convinceyou to stopthetediousdocumentation
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andfocuson the software. The opensourcedeveloperswill want you to give themthe codeso
they canjoin andhelpdeveloping.

The choiceof methodologydependsheavily on the project itself, the teammembers,and
management.In business,costminimizationis oftenthemostimportantfactor. Heavyweightpro-
cessesaredesignedto standardizepeopleto theorganization,but agileprocessesaredesignedto
capitalizeoneachindividualandeachteam'suniquestrengths[HighsmithandCockburn,2001b].
Therationaleof choosinga methodalsolies in thenatureof theproject. For example,if a mal-
functionof thesoftwarethat is to bedevelopedcanresultin lossof life, morevisible correctness
is desired.On theotherhand,thedevelopmentof a freely accessibleinternetinformationsystem
doesnot requiresubstantialvisible correctness.Without theresourcesfor a projectteam,it might
besuitableto searchfor volunteerson the internet,andstartan opensourceproject. In thepre-
vioussections,we have elaboratedthepropertiesof thethreemovementswhich canbeusedasa
basefor theselectionof amethod.

In theend,peopleareoneof themostimportantfactorswithin a developmentenvironment.
It is thepeoplethathave to do the�nal job, independentof whatkind of methodologyis applied.
Rolesof peoplecanhowever differ in differentprocesses.Differentmethodologiesmaydiffer in
theway how they utilize theskills of thepeoplethatareinvolved. Consideringthis humanfactor
in asoftwareengineeringprocess,thechoiceof processcanbevital for aproject.





Chapter 3

The Importance of Toolsin a
DevelopmentProcess

A really powerful tool changesits user– DonaldE. Knuth

Thepreviouschapterintroducedsoftwareengineeringmethodologyandprocesses,andillustrated
therelationbetweenprocessandtoolsin theopensourcedevelopmentmodel.This relationis not
only presentin opensource;toolsareimportantin every softwareengineeringprojectandthusin
every softwareengineeringprocess.This chapterdiscusseswhatsoftwareengineeringtoolsare,
thehistoricalbackgroundof tools,andintroduceswhy, how, andwhento ef�ciently usesoftware
engineeringtools.Especiallytherelationbetweenthedevelopmentprocessandtoolsis important
in this regard. Theselectionof a satisfactorysetof tools— anotherimportantissueconcerning
softwaredevelopmenttools — is describedaswell. Commonlyusedtools arecategorizedand
�nally ourexperiencewith softwareengineeringtoolsis includedin thischapter.

3.1 Intr oduction

Toolsareasold ascraftsmanship.In thePragmaticProgrammer, HuntandThomaspointout the
analogywith craftsmen:“Everycraftsmanstartshisor herjourney with abasicsetof goodquality
tools. A woodworker might needrules,gauges,a coupleof saws,somegoodplanes,�ne chisels,
drills andbraces,malletsandclamps. Thesetools will be lovingly chosen,will be built to last,
will performspeci�c jobs with little overlapwith othertools,and,perhapsmostimportant,will
feel right in thebuddingwoodworker's hands”[Hunt andThomas,1999].

A softwaretool is acomputerprogramthatsoftwaredevelopersuseto helpcreateor maintain
otherprograms.The termmostcommonlyrefersto relatively simpleprogramsthatcanbeused
togetherto accomplisha task.In otherwords,it is apieceof softwarethatcanbeusedto develop,
test,analyze,or maintaina computerprogramor its documentation.Softwaredevelopmenttools
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canthus enhancethe developmentprocessby assistingdevelopersthroughthe complexities of
modernsoftwaredevelopmentandby automatingtedioustasks.Morelargescaleexamplesinclude
supportfor automatedbuilding, logging,con�gurationmanagement,deployment,monitoring,bug
trackingandteamcollaboration— all aspectsof an enterprise-scaledevelopmenteffort that are
foundto beessentialby practitionersbut areoftenneglectedby theIDEsthataresopopulartoday.
Many programmersnowadaysonly adoptasinglepower tool, mostlyaparticularIDE.

Besidesthesepowertools,a lot of smallertools exist, that aredesignedfor a morespeci�c
need.Thesetoolsareaimedat doingonly a speci�c taskandaredesignedto bevery goodat it.
By usingonly anIDE, a developeris missingout on thefull capabilitiesof theenvironment,for
example,versionmanagement,andautomaticdeployment. Tools that supporta developerwith
suchtasksareavailable.Fortunately, somemodernIDEshavebuilt-in functionalityfor third party
toolsor functionality to supportexternalthird party tools. However, thesefeaturesarestill rare
and in an early stageof developmentanda tool often hasto supporta speci�c interfaceto be
incorporatedinto anIDE.

Tool choicetodaycanbe bewildering. Softwaredevelopmenttools areabundant. Besides
the large numberof tool vendors,the opensourcecommunity[Moody, 2002,Raymond,2001,
TorvaldsandDiamond,2002]hasbeenproli�c in this regardaswell [Robbins,2003]. However,
the available tools are varied in their approaches,their supportfor critical aspectsof different
developmentmethodologies,andtheir ability to work togetherasa cohesive set. Becauseopen
sourcesoftwareis freely availableandthenumberof opensourcedevelopmenttoolsis largeand
still increasing,opensourcesoftwareis a valuableresourceto choosefrom. In addition,thereis
an increasingnumberof industryexamplesthatchooseopensourcetools in favor of proprietary
tools.

In thisprocessof opensourcesoftwareadoptionin industry, softwaredevelopmenttoolsoften
leadtheway. Findingtheopensourcetools to begenerallyfocusedandusefulin speci�c areas,
developersusethemin a developmenttool belt, or to complementthe traditional tool setspur-
chasedfrom vendors.Theopensourceapproachof courseholdsbothpromiseandrisks[Torvalds
andDiamond,2002].

Besidesspeci�c opensourceprojects,many software businessesconcentratesolely on the
developmentof toolsaswell. In contrastwith opensourcetools,proprietarytoolsareoftennot
smallapplicationsthat focuson a speci�c task,but a workbenchincludingseveral toolsmoreor
lessworking togetherasa bigger, moregeneraltool. Proprietaryapplications,often areeasier
to install and learn, provide a userwith more supportand have a comfortableGraphicalUser
Interface(GUI). But, asthey areproprietary, a pricemustbepaid for theseextras. Costly tools,
however, do not producebetterdesigns. Tools shouldbe judgedon their merits,not basedon
vendorhype,industrydogma,or theauraof thepricetag[Hunt andThomas,1999].

3.2 Toolsand Process

As earlyas1975,Brookswritesaboutsharptoolsin hisclassic,theMythicalManMonth[Brooks
Jr., 1995]. In his surgical teamBrooksreserves oneof the membersasa toolsmith. Sincethe
existenceof programming,toolsexist in supportingtheactof programming.Likewisesincethe
existenceof softwareengineering,toolsemergedto supporttheprocessof softwareengineering;
anongoingchallengefacingthisprofessionis theneedfor averagepractitionersto adoptpowerful
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softwareengineeringtools. Startingwith theemergenceof softwareengineeringasa �eld of re-
search,increasinglyadvancedtoolshavebeendevelopedto addressthedif�culties of softwarede-
velopment.Often,thesetoolsaddressedtheaccidentaldif�culties of development,but somehave
beenaimedat essentialdif�culties suchasmanagementof complexity, communication,visibility
andchangeability[Brooks Jr., 1995]. The term ComputerAided SoftwareEngineering(CASE)
wasintroducedin the '70s for thetoolsto speedup thesoftwaresystembuilding process:a new
generationof toolsthatapplyheavyweightengineeringprinciplesto thedevelopmentandanalysis
of softwarespeci�cations.

The SEI de�nes CASE as“the useof computer-basedsupportin the softwaredevelopment
process.” This de�nition includesall kindsof computer-basedsupportfor any of themanagerial,
administrative, or technicalaspectsof any part of a softwareproject. Accordingto the SEI, the
historyof CASE tools lies in a broadernotion of softwaredevelopment.Softwaredevelopment
cameto beviewedasa large-scaleactivity, which resultedin a wide rangeof supporttoolsbeing
developed.The�rst generationCASEtoolsconcentratedon theautomationof isolatedtasks.To
moreeffectively supportthe developmentprocess,the individual tasksof the isolatedtools are
betterto beintegratedinto a CASEtool environment. TheSEI de�nesa CASEenvironmentas“a
collectionof CASE tools andothercomponentstogetherwith an integrationapproachthat sup-
portsmostor all of the interactionsthatoccuramongtheenvironmentcomponents,andbetween
the usersof the environmentandthe environmentitself.” The critical part is the facilitation of
interactionof thetools: thegluebetweentools.

Otherauthorshave attemptedto make �ner graineddistinctionsbetweendifferentclassesof
CASE tools. An exampleis the distinction betweenthosetools that are interactive by nature
(suchasa designmethodsupporttool) andthosethat arenot (suchasa compiler). The former
classaresometimesidenti�ed asCASEtools. Tools from the latterclassarecalleddevelopment
tools. Unfortunately, thesedistinctionsareoften problematic. In the example,it is dif�cult to
give a simpleandconsistentde�nition of interactive that is meaningful. Therefore,in this text
no distinctionbetweenclassesof tools is made.In this document,thetermtool is reserved for a
computerprogramfor softwaredevelopersto help createor maintainotherprogramsandhence
includesCASEtoolsaswell. A tool environmentis asetof severaltoolsgluedtogether.

The roadmapfor softwareengineeringtoolsandenvironmentsby Harrison,OssherandTarr
statesthatmodernsoftwareengineeringcannotbeaccomplishedwithout reasonabletool support
[Ossheret al., 2000]. The roadmapcontinues:“Competition is keenthroughoutthe computer
industry, andtime to market oftendeterminessuccess.Thereis, therefore,mountingpressureto
producesoftwarequickly andat reasonablecost.This usuallyinvolvessomemix of writing new
softwareand�nding, adapting,andintegratingexisting software. Tool andenvironmentsupport
canhave a dramaticeffect on how quickly this canbedone,on how muchit will cost,andon the
quality of theresult.” More important,“[the tools] oftendeterminewhetherit canbedoneat all,
within realisticeconomicandotherconstraints,suchassafetyandreliability.”

Thehistoryof a tool environmentstartswith asmallcollectionof stand-alonetoolsthatcanbe
usedin a looselycoordinatedfashionto helpaccomplishsoftwareengineeringgoals.An example
of suchenvironmentis Unix [KernighanandMashey, 1979]andmorerecentlyLinux [Goerzen,
2000]. The tools in Unix all acceptandoutputdatain standardizedformats. As a result, it is
possibleto interconnecttheir inputs and outputsloosely, at the developer's discretion. These
environmentswereandstill arequiteuseful,but no realmeansof integratingtools,coordinating
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theirexecutions,or automatingcommontasksis provided.

In the areaof ProgrammingSupportEnvironments(PSEs)the �rst attemptsweremadeto
producetightly integrateddevelopmentenvironments.BecausePSEscomprisedtightly integrated
collectionsof tools, they wereableto overcomemany of the problemsassociatedwith the ear-
lier, looselyintegratedenvironments.PSEscontinueto beextremelyusefultools (morerecently
known as IDE), and are still usedby the majority of developerstoday. However, their major
limitation — astheir namesuggests— is that they usuallyonly supportcodingactivities. All
othermajoractivities andtheir artifacts,suchasrequirementsengineering,speci�cation,design,
testing,andanalysisareexcludedby mostPSEs. The needfor integratedsupportfor software
engineeringactivities throughoutthesoftwarelifecycle resultedin theemergenceof Software En-
gineeringEnvironments(SEEs). They areto the full softwareengineeringlifecycle, what PSEs
wereto theimplementationpart.Oneof thefactsthathamperedprogressontheSEEsis thatrapid
developmentdominatedthetool scene.

A majorline in SEEresearchwasinitiatedby Osterweil's paper“Softwareprocessesaresoft-
waretoo” [Osterweil,1987]. Osterweil's hypothesis— thesoftwareengineeringprocessshould
be treateditself as a pieceof software — gave rise to Process-centered Software Engineering
Environments(PSEEs). SEEsfocuson supportinga speci�c processmodel,but PSEEsgive up
thenotionof a prede�nedprocessmodelwhich hasto beappliedin every project[Engelset al.,
2001].Thepriceof amore�e xible andadaptablePSEEis weakerprocesssupport.A compromise
is to let aPSEEsupporta rangeof processmodels.WhereastheearlyPSEEsfocusedon individ-
ualandco-locateddevelopersupport,recentlymoreattentionis givento supportingcollaborative
softwareengineering.ExamplesareGENESISandOPHELIA [Boldyreff et al., 2003],Source-
Forge[OSDN,2004b]andTigris [Collabnet,Inc., 2004]. Thecollaborative softwareengineering
environmentsareprominentlypresentin theopensourcecommunity.

Robbinsanalyzestherelationof toolsandprocessin thedevelopmentof opensourcesoftware
[Robbins,2003].Heconcludesthattheopensourcecultureandmethodologyareconveyedto new
developersvia the tool set itself, and throughthe demonstratedusageof thesetools in existing
projects.A studyof CASEtool adoptionby Iivari foundthatadoptioncorrelatesnegatively with
end-userchoice,andconcludesthat successfulintroductionof CASE tools mustbe a top-down
decisionfrom uppermanagement[Ii vari, 1996]. Theresultsof this approachhasrepeatedlybeen
shelfware: software tools that are purchasedbut not used[Robbins,2003]. Another research
by Stobartandassociatesshows similar results[Stobartet al., 1993]. Comparedto opensource
tools,thesetoolswereoftendif�cult to use,expensive, andspecialpurpose.Therapidandwide
adoptionof opensourcetoolsstandsin starkcontrastto the dif�culties encounteredin adopting
thetraditionalCASEtools[Robbins,2003]. RobbinsreferencestheFertileCrescentbetweenthe
Tigris andEuphraterivers: an agrariancivilization would anddid arise�rst in the locationbest
suitedfor it. “In otherwords,theenvironmenthelpsde�ne thesociety, andmorespeci�cally, the
toolshelpde�ne themethod”[Robbins,2003].

Clearly, theAgile movement[Becketal., 2001]is anexampleof thetrendpredictedby Harri-
son,OssherandTarr[Ossheretal., 2000].Likewise,theopensourcemovement�ts into thattrend
of anextremelyfast-moving andvolatile �eld. Unfortunately, theopensourcedevelopmentmodel
is notclassi�edassoftwareengineeringby themajorityof theacademicworld (yet). Nevertheless,
moreandmoreresearchis conductedto largeopensourceprojectsandtheir resultsarepromising.
Examplesaretheoverview of theMozilla projectby ReisandFortes[ReisanddeMattosFortes,
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2002],andresearchby KochandSchneider[KochandSchneider, 2000]. Beyonddoubttheopen
sourcedevelopmentmodelis anexampleof modernsoftwareengineering.

Toolsandprocessarecloselyrelatedto eachother. Theimportanceof toolsin thedevelopment
processis clear: the tools caneitherenhanceor degeneratethe developmentprocess.The tool
environmentsfrom opensourceprojectsshow thata smallcollectionof stand-alonetools,usedin
a looselycoordinatedfashion,cantogetherform a PSEE.Theparadigmsfrom theearlysoftware
engineeringenvironmentsappliedto recentPSEEresearchis therebyprovedto besuccessful.As
aresult,complementingamodernPSE— or IDE — with additionalsoftwareengineeringtoolsto
implementmissingfunctionalityyieldsaPSEE.Thepreviously introducedtermtool environment
actuallyis thesetor asubsetof toolsthatform aPSEE.

3.3 Tool Selection

In their craftsmananalogy, Hunt andThomascontinuethat a craftsmanmustchoosehis or her
tools lovingly. Well-chosenandappropriatelyusedtoolscancontribute greatlyto thesuccessof
a project.However, inappropriatelychosenor ill-usedtoolsareoftenseriousobstaclesthatwork
againstthe developmenteffort. The selectionprocessvery often takesplacequietly, below the
radar, without dueconsiderationasto why thatparticularcombinationof productswaschosenor
how well they �t theoverall developmenttask.This leadsto decisionsthatareat besttacticaland
atworstrepeatedmistakes.

The selectionof opensourcetools addsits own uniquedif�culties. Becauseopensource
tool buildersareoften their own (expert) users,installing andmaintainingtheir productstakes
expertise,and learninghow to usethemeffectively throughoften sketchydocumentationtakes
patienceandtime. Moody andRaymonddiscussthe opensourcedevelopmentmethodandthe
differenceswith theproprietaryway of developingsoftwarein [Moody, 2002,Raymond,2001].
Thenecessaryknowledgeto install,use,andsupportthechosentoolsis toooftenonly in theheads
of developers,alongwith relatedreasonsfor choosingone tool over another. This knowledge
needsto becapturedandmadeexplicit to make tool decisionsrationalandtransparent.

Throughtheir careers,developersgo to considerableeffort to �nd, evaluate,choose,andthen
continueto usea setof tools thatsupports(andmolds)their speci�c styleof development.This
oftenresultsin differentmembersof adevelopmentteamusingdifferenttools.Althoughfreedom
is importantin an empowereddevelopmentteam,left uncurbedthis leadsto a proliferationof
tacticalsolutions,brittle in their supportandenigmaticto new teammembers,maintainersand
managers.In orderto focusthe necessarydebatesanddecisionstowardsa uni�ed setof tools,
candidatesneedto bewell characterizedandthecriteriafor choosingthemneedto beclear.

In this regard,thedocumentwill presentanapproachthatmaybefollowed in managingthis
process:anabstractmodelwill beproposedthatpromotescarefulconsiderationandtransparent
documentingof the rationalebehindselectinga setof softwaredevelopmenttools. Theabstract
modelis proposedin Chapter5, includingexamples,wherethemodelis applied.
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3.4 The BasicTools

A developerhashis or herown preferencesfor tools in thedevelopmentprocess— a developer
mayusea speci�c tool for a varietyof reasons.He or shecouldbe a skilled userof a tool or it
canbethestandardtool to usewithin theorganization.Maybethedeveloperdoesnot know or is
unwilling to searchfor alternativesfor somekind of tool. A lot of factorsin�uence thechoicefor
a tool.

Whatever the reasonsto use— or not use— a speci�c tool, a developerwill alwayshave
basictools for usein the developmentprocess.Eachtool is the developer's preferredtool of a
speci�c type, or category. Every oneof the tools is aimedat a speci�c purposeandusually is
pickedout of differentimplementationsto serve thesamepurpose.Hence,toolscanbeclassi�ed
in tool categories. Thefollowing list summarizescommonlyusedtools,categorized,andlistedin
chronologicalorderof usagein thedevelopmentprocess.

� Shells– Interfacevariousoperatingsystemfunctionsandservicesvia a command-linein-
terface. Theshell is socalled,asit is anouterlayerof interfacebetweentheuserandthe
innardsof theoperatingsystem.

� IDE – Provide a suiteof integratedtools or a framework for integrating tools. An IDE
usuallycontainsat leastaneditorandanintegratedcompiler.

� Editors – Canbe usedto edit plain text �les, for examplecodesource�les. This canbe
a simpleline editorup to aneditorwith supportfor syntaxhighlighting,recordingmacro's
etc.

� Documentingsystems– Canbeanythingfrom anadvancedWYSIWYG editorto aprofes-
sionaldocumentpreparationsystem.Thepurposeof a documentingsystemis to produce
digital or paperdocuments.

� Versionsystems– Help to keeptrackof differentversionsof documentationand/orsource
code.It helpsmaintaininga codebaseamongmultipledevelopers.

� Modeling tools– Providemechanismsto easilydraw diagramsto beusedin documentation
or asadesigntool for theproject.Somemodelingtoolscanevengeneratesourcecodefrom
adiagram.

� Compilers – Compilesourcecodeinto binary form. Exceptfrom beingintegratedinto an
IDE, acompilerwill usuallyhaveacommandline equivalent.Thepowerof suchcommand
line compilershouldnotbeunderestimated.

� Codegenerators– Generatecodein somelanguagegivensomeinput. Very commonex-
amplesarescannerandparsergeneratorsthattake adescriptionof a languageandgenerate
codein someprogramminglanguageto scanandparsesource�les in thatlanguage.

� Codedocumentingsystems– Provideacleanandeasywayto documentsourcecodeusing
aspecialkind of commentin thesourcecodeitself. Thisis alsohelpfulwhen,for example,a
designby contractdevelopmentmethodis used.A related,but morepowerful, tool category
is literateprogramming.

� Build systems– Automatethebuild processof aprojectandassistin theprocessof getting
from sourcecodeto apublicaccessiblebinaryform.
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� Testingtools – Assistin testingthesourcecodeof a project.Testingtoolscanbeanything
from a simpletestbedto an automatedtestingsuitethat runsovernightandemailsstatus
reportsaboutthesoftwareeverymorning.

� Debugging – Providesa methodicalprocessfor �nding andreducingthenumberof bugs
in a computerprogramor a pieceof electronichardwareto make it work better, or at all.
A debuggeris a softwaretool which enablesthe programmerto monitor the executionof
a program,stopit, re-startit, run it in slow motion,changevaluesin memoryandeven,in
somecases,gobackin time.

� Pro�ling – Producingdetailedinformationaboutprogramexecution,suchasdetailsabout
areasof codewheremostof theexecutiontime is spent,memoryusage,codecoverageand
traceroutes.

� Install systems– Compilebinariesinto theform of a packagethatcanbedeployedon the
Internetor distributedonsomemediato thepublic. Provide theuserof theapplicationwith
aneasyinterfaceto setuptheapplicationon hisown computer.

� Bug- and issuetracking systems– Give usersand developersa consistentinterface to
reportbugsandissueswith thesoftware.Acts like anelectronicwhiteboard.

This is not a completelisting of tool categories,merely a guide to indicatethe kind of tools
available.

Threeinterestingstudiesof tools in a software projectareReisandFortes' analysisof the
opensourceMozilla project[Reis andde MattosFortes,2002], Robbins'opensourcesoftware
engineeringtool adoption,andHuntandThomas'discussionof thebasictoolsin thetoolboxof a
developer[Hunt andThomas,1999].We will useourown experiencesandexaminethesestudies
to �nd thesimilaritiesanddifferences.

“Everywoodworker needsa good,solid, reliableworkbench,somewhereto hold work pieces
ataconvenientheightwhileheor sheworksthem.Theworkbenchbecomesthecenterof thewood
shop,thecraftsmanreturningto it timeandtimeagainasapiecetakesshape”[Hunt andThomas,
1999].A programmeror softwareengineeralsoneedsadecentworkbench,whichis thecommand
shell. Fromtheshell, the full repertoireof toolscanbe invoked andall applications,compilers,
editorsandutilities canbe launched.Programmerswho have alwaysworkedwith GUI andIDE
might be convincedthat everythingcanbe doneequallywell by pointing andclicking. This is
falsebelieve; if you usea GUI or IDE, you won't beableto bene�t from all capabilitiesof your
environment. For exampleit won't be possibleto combinetools to createyour own customized
macros.“The bene�t of aGUI is WYSIWYG — whatyouseeis whatyouget.Thedisadvantage
is WYSIAYG — whatyou seeis all youget!” [Hunt andThomas,1999].

“Many new programmersmake themistake of adoptinga singlepower tool, suchasa partic-
ular IDE, andnever leave its cozyinterface.This really is a mistake. We needto becomfortable
beyondthelimits imposedby anIDE. Theonly way to do this is to keepthebasictool setsharp
andreadyto use.” You canbecomemoreproductive whenyou usegoodtoolsandwhenyou use
themin agoodway. HuntandThomasclassifythefollowing toolsasbasic:

� Versioncontrolsystem

� Bugtracker

� (Advanced)editor
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� Debugger

� Codegenerator

� Text manipulationtool

The Mozilla project [Mozilla, 2004] is dedicatedto the developmentof the Mozilla web
browsersuite. It hasarguablyoneof the largestcommunitiesworking on an opensourcesoft-
wareprojecttoday. In theMozilla Projectthefollowing developmenttoolsareused:

� Versioncontrolsystem

� Bugandissuetrackingtools

� Tool to visualizethecodebase

� Communicationtool

Robbinsaddressesthecommonlyusedtoolswithin opensourcesoftwareprojects[Robbins,
2003]. He focuseson tools thathave impacton collaborative development,andomits tools like
editors,compilersanddebuggers.Robbinsnamesthefollowing categories:

� Versioncontrolsystem

� Issuetrackingandtechnicalsupport

� Technicaldiscussion

� Build system

� Designandcodegenerationtool

� Qualityassurancetool

� Collaborative developmentenvironment

The threestudieshave in commona versioncontrol systemanda bugtrackingtool. These
toolsarenearlyalwaysusedin a softwareengineeringproject,regardlessthe sizeof the project
andthepersonsinvolved.

A versionsystemis merelya differentway to storethe project's �les. The additionaltime
neededto learnthecommandsto storeandretrieve �les from arepositoryarenegligible compared
to the time to �nd a convenientway to sharecodebetweendevelopersandto beableto request
previous versionswhenyou arenot usinga versioncontrol system.Whenever the projectteam
consistsof morethanonemember, aversionsystemwill payoff for sure.Evenwhenthere's only
onedeveloper, a versionsystemprovidesa very goodmechanismto have a backupandhistory
keepingsystem.Hunt andThomasdescribea sourcecontrolsystemasa giantundobutton;with
a properlycon�gured sourcecodecontrol system,it is possibleto alwaysgo backto a previous
versionof thesoftware.Their tip: “Alwaysusesourcecodecontrol”.

Immediatelyafterthesoftwareis released,acentralizedmechanismto storeandkeeptrackof
bugsin the systemis needed:a bug andissuetrackingtool. The contentsof a bugtracker must
beavailablefor theoutsideworld, for theend-usersof thesystemto reporta bug andquerythe
statusof a bug. Most popularbugtrackingtoolsof todaysupportthis feature— anexampleof a
commonlyusedopensourcebug andissuetracker is Bugzilla.
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In opensourceprojectsgoodcommunicationtoolsareneeded,becauseprojectteamsareoften
notco-located.BothReisandFortes,andRobbinsresultsillustratethis. Thebug andissuetrack-
ing systemis often(ab)usedasa way of communication.Thebugtracker is not only a convenient
way of communicationbetweendevelopers,but a goodmechanismfor communicationbetween
developersandusersaswell. Of coursetheopensourcecommunityalsodependsheavily on the
standardinternetcommunicationtoolssuchasemail,mailinglists,newsgroupsandinternetrelay
chat.In co-locatedprojectteams,mostlikely face-to-faceis theeffective way of communication.
Cockburn addressesthis issuein selectingaproject's methodology[Cockburn,2000].

A build systemcan be set up by combiningseveral basictools like versionsystems,code
generationtools,andtext manipulationtools. Theextra coststo setup a convenientbuild system
areneglectableto thecostsof typingin all thenecessarycommandseverytimethesoftwareisbuilt.
Themostsimplisticbuild systemsimplyrunsthenecessarycommandstobuild thesoftwareoneby
one. More advancedbuild systemsrequiremoretime to setup, but, dependingon theadditional
features,canpay off on the long term. In addition,a build systemensuresthat every time the
softwareis built, it is built in exactly thesameway. It becomesmoredif�cult to make mistakes,
or forgetsomething.Furthermore,abuild systemcanbeextendedwith areleasesystemandatest
system,to automaticallytestandreleasethesoftwareto awebsiteor directly to customers.

Theessentialtoolsarea compiler, aneditoranda debugger, which arecommonlyintegrated
into anIDE. Besidestheseessentialtools,therearethreeadditionaltoolsthatarecommonlyused
to improve thedevelopmentprocess.Basedon our experienceandthepreviousanalysiswe have
foundthefollowing:

1. Versioncontrolsystem

2. Bugandissuetrackingtool

3. Build system

Thesearethetoolsthatwerefoundtobeimportantin theanalyzedprojectsandin ourownprojects.

3.5 Conclusion

It is inevitablethatpeoplewill make mistakesin thedevelopmentof software.Theseerrorsoften
costa lot of time andresourcesto �x andareseriousobstaclesin the processof development.
Toolscandecreasethedevelopmenteffort by assistingin managingmistakesin threeways:

1. By preventingerrors

2. By detectingandlocatingerrors

3. By �xing errors

ThePragmaticProgrammerpointsout: “Toolsamplify your talent.Thebetteryour tools,andthe
betteryouknow how to usethem,themoreproductive youcanbe.” Whentherearetasksthatcan
beautomated,a tool canpreventmistakesin suchtediousjob. However, it cancosta lot of effort
incorporatingatool in theexistingdevelopmentprocessor to traindevelopersto useacertaintool.
Theprocessof tool selectionis thereforevery important.
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Theevolutionof softwareengineeringmethodology, processes,toolsandenvironmentsshows
that tool selectioncanbetternot be an uppermanagementdecision. Expensive CASE tools de-
gradedto shelfware is an exampleof this repeatedlymademistake. Tools andprocessmustbe
one:thetoolshelpde�ne themethod.

A PSEEcanbe implementedby complementingthe missingfeaturesof a PSE.In practice,
externalsoftwaredevelopmenttools canbe usedto supplementthe widespreadusedIDEs. The
opensourcecommunityprovidesa growing amountof toolsasa resourceto choosethesupple-
ments. This is a resultof the closerelationbetweentools andmethodologyin the opensource
developmentmodel,whichhopefullywill setanexamplefor furtherresearch.



Chapter 4

An Agile Method for the Component
DevelopmentProcess

Frustra �t perplura quodpotest�eri perpauciora(It is vain to do with morewhatcan bedone
with less)– William of Ockham(circa 1285– 1349)

This chaptercontainsthedocumentationof theprocessfor thedevelopmentof softwarecompo-
nentsasdescribedin Chapter1. It describestheguidelinesfor theprocessthatshouldbefollowed
by thecomponentdevelopersby outlining thephasesthatareiteratedin thecourseof a project.
The tasksanddeliverablesof eachphaseareaddressed,aswell as the managementissuesin a
phase.In addition,the templatesfor productdocumentationaregiven. Theproposedmethodis
aimedto assistin managingthecourseof aprojectwhereverpossible.Thepurposeof thischapter
is notonly to describetheguidelinesto follow, but alsoto motivatewhy to follow them.

4.1 Intr oduction

The processthat is describedin this chapter, is originally designedfor the developmentof soft-
warecomponents.“A softwarecomponentis a unit of compositionwith contractuallyspeci�ed
interfacesandexplicit context dependenciesonly. A softwarecomponentcanbedeployed inde-
pendentlyandis subjectto compositionby third parties”[Szyperskiet al., 2002]. In otherwords,
a softwarecomponentcanbede�ned asa packageor a setof oneor moreobjectsincluding the
descriptionof how they work. Thesetof objectsrepresentsacoherentsetof features— theobjects
arethe interfaceof the component— that canbe usedin an applicationor anothercomponent.
A componentcanimplementoneor moredesignpatternsfor example,describedby Gammaand
associates[Gammaetal., 1995]. Independentdeploymentof acomponentimpliesthatthecompo-
nentcanbe�x edandenhancedseparatelyandindependentlyfrom theapplication,or component,
it is usedin.

37
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The developmentof a componentis startedby gatheringinformationaboutits task— what
thecomponentis supposedto do — by interviewing thedeveloperswho will usethecomponent.
Thisinformationis usedto write down therequirements.Thenext stepis to designandimplement
the component. A componentis deployed as soonas possibleand the componentdevelopers
continuouslyrespondto feedbackfrom end-users.Theearlyandfrequentdeploymentis derived
from theopensourceparadigmreleaseearly andreleaseoften[Raymond,2001]. Requirements
areaddedasnecessary, andbugsandnew featuresareidenti�ed, �x ed,andimplementedassoon
aspossible.

Thecomponentsaredevelopedby a separatedevelopmentteam,technicallyoperatingon its
own. This imposesrequirementson the availability andquality of the developedcomponents.
To minimize costsof the componentdevelopmentprocess,opensourcedevelopmenttools are
preferred.In contraryto mostproprietarytools,thereareno restrictionson theamountof people
thatcanusethe tool. Two otheradvantagesin this caseare: (1) mostof thesetoolsarereleased
often— new featuresarereadilyavailableandbugsaresolved swiftly — and(2) bugsandnew
featurescanbeaddedat will becausethesourcecodeis available.

In the following sections,the processand its phasesare described. The relevant software
engineeringmethodologiesthataffectedtheprocesswerediscussedin Chapter2. For eachphase,
asectionfollows to elaboratethetasksanddeliverablesfor thatphase.

4.2 ProcessEvolution

Thestandarddescribedin this chapterhasevolved from theESA softwareengineeringstandard.
Ourexperienceswith theESAsoftwareengineeringstandards,elaboratedin Section2.4.2,heavily
in�uencedthework on thecomponents.The�rst standardthatweappliedfor developmentof the
componentswasthefull ESAstandard.

As prescribedby the ESA standard,a projectwasstartedby creatinga setof management
documents— a setof documentsfor eachnew component,becauseeachproject involves one
component.As a result,thesemanagementdocumentswerecreatedby copying the documents
from apreviousprojectandchangingtheprojectname,amongotherminordetails.Theonly non-
straightforwardtask,involvedcreatingadetailedplan.Next, thecomponent's productdocuments
werecreated:a UserRequirementsDocument(URD), SoftwareRequirementsDocument(SRD),
ArchitecturalDesignDocument(ADD), andDetailedDesignDocument(DDD). A lot of sections
in theproductdocumentscouldbecopiedfrom previousprojectsaswell. Much text wasalready
outdatedby thetime thecomponentwasdeployed.

After acoupleof projects,thisprocessseemednottobeoptimal,in thiscontext. In comparison
with, for example,air traf�c control systems,and military commandand control systems,the
softwarecomponentsarequitesmall. A heavyweightprocess,like theESA standard,is designed
for thedevelopmentof theformer. Suchprocesshasmany thingsbuilt into it becauseof theneed
for managinglarger projectswith subcontractors,many channelsof communication,andmany
— perhapscon�icting — requirements.Noneof which arepresentin the developmentof our
softwarecomponents.

Heavyweightmethodsadoptmoreof acodi�cation of whatneedsto bedone,includingthings
like contractmanagement,precisespeci�cations,andformal sign-offs, which areabsolutelynec-
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essaryin larger efforts, but causeunnecessaryoverheadin the componentdevelopmentcontext.
Especiallyover-documentingcausedmuchoverheadin our case.A documentshouldhave only
onegoal,whichis to assistin accomplishingthedesiredresult:deliveraworkingsoftwareproduct
andmake it maintainable.

To increaseproductivity by decreasingdocumentationoverhead,we switchedto theESA lite
standard[EuropeanSpaceAgency, 1996]. All threecriteria (listed in Section2.4) to usethis
simpli�ed versionof theESA standardapply: (1) thedevelopmentof a componentrequiresless
thantwo manyearsof effort, (2) thenumberof teammembersvariesbetweenoneandfour, and
(3) thenumberof linesof codeis lessthan10,000.Moreover, thecomponentsarenot critical in
thesenseof lossof life or big amountsof money. Theseargumentsvalidatetheuseof theESA
lite standardin favor of thefull versionof theESA standard.

Unfortunately, the ESA lite standardstill prescribesmanagementdocumentsto be written
for eachproject. As mentionedbefore,apartfrom a detailedplan, the managementtasksand
documentsareessentiallythe samefor eachproject. Adding the small sizeof the development
teams,it is not usefulto write themanagementdocumentsfor eachproject. We decidedto alter
the ESA lite standard,andde�ne a new processbasedon the ESA lite standardwith our own
modi�cations.The�rst steptowardsamoreagileapproach,wasto eliminateseparatemanagement
documentationperproject.Westartedmoldingtheprocessto theproject(s)andnot theotherway
around.

It wasdecidedto alter the ESA lite standard,insteadof replacingit with an agile process,
becausetherewerealreadyseveral projectsrunningwith the ESA lite standard.In addition,all
developmentteammembershadbecomefamiliar with theESA lite process.Theshift from ESA
lite to anagileapproach,however, hadalreadypartlybegun.Theimplementationtechniquesfrom
XP and pragmaticprogramming,suchas pair-programmingand refactoring,had alreadybeen
successfullyappliedin theimplementationphaseof severalprojects.

The adaptability, that is omnipresentin agile processes,wasthe most importantaspectthat
wasstill lacking in thecomponentdevelopmentprocess.For example,it wasoftennecessaryto
changetherequirementsor thedesign,while thesourcecodewasconstructedfor acomponent,and
moreover, afterdeliveryof thesoftware,thecustomerfrequentlywantstochangetherequirements,
aswell. Thefollowing list summarizesthekey changesto theprocess,to addadaptability:

� Managementactivities areessentiallythesamefor eachproject,canbeincorporatedin the
process,areminimized,andaredocumentedin theprocessstandard.

� No detailedupfront plan is made,the customer's wishesdeterminescheduleand canbe
adaptedat any givenmoment.

� Adaptionof aniterative approachandshortenedreleasecycles.Thepossibilityto fall back
to apreviousphase— withoutunnecessaryrestrictionsandoverhead— is added.

� Closerinteractionwith customer(s)andend-users;in eachphasecustomer(s)andend-users
arehighly involved.

� Lessextensive productdocumentation,processfocuseson actualproduct,not documenta-
tion.

� Singleproject teamis responsiblefor the entireproject,andall tasksareful�lled by that
singleteam.
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Thesechangesre�ect thevaluesof theAgile Manifesto[Beck et al., 2001]. Individualsandin-
teractionsarevaluedover processesandtools,with minimizedmanagementanda decentralized
approach.Working softwareis valuedover comprehensive documentationby minimizing docu-
mentationandadaptingcontinuousandfrequentreleasesof theproduct.Customercollaboration
is valuedover contractnegotiationby a low chainof command(customeranddeveloperinteract
directly) andby welcomingchangesin every phaseof a project. With an iterative approachand
shortenedreleasecycles,respondingto changeis valuedover following aplan.Thelastsectionof
thischapterwill comparein detailtheprocesswith theAgile Manifesto.

Threeaspectsof theESAlite standardremainin thenew process:(1) aseparationinto phases,
(2) a requirementsdocument,and(3) a designdocument.The processthat is describedin this
chapteris divided into phases,althoughnot asstrictly asin theESA lite process.Thefollowing
sectionwill go into moredetailof a project's phases.Therequirementsanddesigndocumentare
describedin Sections4.4and4.5respectively.

4.3 ProcessOverview

A projectiteratesthroughdifferentstages.Theprocessis divided into phasesaccordingto these
stages.Suchaphaseindicateswhattasksarecurrentlybeingworkedon in thecourseof aproject.
This sectiongivesa generaloverview of thesephasesandhow they areconnected.Thestagesof
a projectshouldbe iteratedconsecutively, but it is possibleto fall backto an earlierstageafter
theprojectprogressedinto a subsequentstage.Note thatno phaseshouldbeskippedin forward
direction;every phaseshouldbetraversedto reachthemaintenancephase.Figure4.1 shows the
four phasesandtherelationsbetweenthesephases.Thefour phasesare:

� Exploration Phase(EP) – The initial phaseof a project,a projectis startedandthe user
requirementsaregatheredin thisphase.

� DesignPhase(DP) – Theuserrequirementsareanalyzedandacomponentdecomposition,
with accompanying designmodels,is drawn up in thisphase.

� Construction Phase(CP) – The requirementsare implementedaccordingto the design
madein the previous phase.Testversionsof the productarereleasedto the customeras
oftenaspossible.At theendof thisphasetheproductmustbe�nished.

� MaintenancePhase(MP) – The�nal productis of�cially releasedto theend-users.Bugs
arecollectedand�x ed,andtheend-usersareprovidedwith support.

The phasesaredescribedin full detail in the following sections.All deliverablesandtasks—
includingmanagement— aredescribedperphasein a separatesections.Theprocessis meantto
bea guidelinefor thecomponentdeveloper, andsoarethesephases.Deviation from theprocess
anddocumentsis allowed,aslong asthereis a profoundreasonfor it, andwhenever thechange
contributespositively to the— outcomeof the— project.To thisextent,thetablesfrom Sections
4.4.3,4.5.4and4.5.5,thatprovide thetableof contentsfor thedocumentsthatareto becreatedin
theexplorationanddesignphase,shouldberegardedasa guidelineor mold, thathave provedto
besuitablefor mostcomponentprojects.
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Exploration Phase
Gatheruserrequirements

DesignPhase
Constructdesign

Construction Phase
Constructandtestcode

MaintenancePhase
Fix bugsand implementmi-
nor codechanges

DeliverURD

DeliverSSD/SDD

Publicproductrelease

Changeuserrequirements

Changedesign

Implementmajorcodechanges

Figure 4.1: This �gure depictsthe relation betweenthe phasesin the processand transitions
betweenthem.

4.4 Exploration Phase

In theexplorationphasethe userrequirementsaregathered.TheURD is thedeliverableof this
phaseandcontainstheuserrequirements.Gatheringthe requirementsis the �rst stepof thede-
velopmentprocess.Issuesconcerninguserrequirementsaredetailedin Section4.4.1.Theoverall
structureof theURD is writtendown andclari�ed in section4.4.3.If necessary, aprototypeof the
softwarecanbecreatedin theexplorationphase,whichwill bedescribedin moredetailin section
4.4.2.

4.4.1 UserRequirements

Themaingoalof theexplorationphaseis to de�ne theuserrequirements.Theuserrequirements
form anunderstandingbetweenthecustomerandthedevelopers.For thecustomer, the require-
mentsput down in writing theminimalfunctionalityof thesoftware.For thedevelopers,they are
thebasefor thedesign.Theuserrequirementsarewritten down in theURD, which is described
in furtherdetail in Section4.4.3.

It is dif�cult to �nd out exactly what a customerexpectsfrom the softwarethat is to be de-
veloped.Customersoftendo not know whatthey really want. Developersoftenthink they know
whatthecustomerwants,thoughthecustomerhassomethingdifferentin mind. To preventthese
situations,it is importantthatthecustomerandthedevelopercommunicateface-to-facewith each
otherby meansof meetingsandinterviews. It is not realisticto expecta userto de�ne andfor-
mulateall its wishesin advance. A customeror developermight think of somenew featuresor
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otherformulationswhen(partof) theimplementationgetsavailable.Thedevelopershouldtry to
getasmuchinformationaspossiblefrom thecustomer, guideandsupporthis thinking andtry to
anticipateonchangesthatmight surfacein thefuture.

Prototypingcanassistin theprocessof formulatingtherequirements.It is up to thedeveloper
to convince thecustomerthat it is importantto have a completesetof requirementsin advance.
Thedesignthatwill becreatedin thedesignphaseis basedon theserequirements.Thecustomer
shouldrealizethat futurechangesin therequirementscanhave a signi�cant effect on thedesign
andconsequentlytheimplementation.

Requirementshave to bewrittendown suchthatmisunderstandingsareavoided.Userrequire-
mentsshouldbeclearandveri�able to makesurethatthe�nal softwareproductwill complywith
the requirements.The userrequirementsarecompleteandaccurateif the URD re�ects the real
needsof thecustomer.

Therearetwo basiccategoriesof userrequirements:capabilityrequirementsandconstraint
requirements.“Capability requirementsdescribethe processto be supportedby the software.
Simply stated: they describewhat the software is supposedto do accordingto the customer.”
[EuropeanSpaceAgency, 1995b]Eachcapability requirementshouldspecifyan operation,or
sequenceof operations,that the softwarewill be able to perform. Requirementsshouldnot be
too complex. Requirementsthat describetoo muchfunctionality shouldbe divided in multiple
requirements.It is alsoimportantto make a cleargroupingof the requirements.Requirements
thatfunctionallyrelateto eachothermustbekepttogether.

Constraintrequirementsimposerestrictionson the way the userrequirementsareto be met.
Theseconstraintscanrelateto interfacesof thesoftware,quality, resourcesandtimescales.Inter-
facesareavery importantkind of constraintrequirements:aninterfacede�nesthesharedbound-
arybetweentwo systemsof thesoftwareanddescribeswhatinformationis exchangedandhow it
is done.Thefollowing list summarizescommoncategoriesof constraintrequirements,basedon
thecategoriesasde�ned in theESA standard[EuropeanSpaceAgency, 1995b]:

� Performance – De�ne quantitative statementsthat may describeamplitude,speed,or ac-
curacy. The amplitudestateshow muchis neededof a capabilityat any momentin time.
Thespeedde�neshow fastaspeci�c operationis to beperformed.Theaccuracy de�nesthe
differencethatis allowedbetweentheintendedandtheactualoutputof someoperation.

� Communication Interfaces – Specifythenetworksandnetwork protocolsthathave to be
usedtogetherwith performanceattributesif necessary.

� Hardware Interfaces – De�ne all, or part of, the computerhardware that the systemis
supposedto runon.

� Software Interfaces – Specifythesoftwarethesystemhasto becompatiblewith, suchas
otherapplications,operatingsystems,programminglanguagesandcompilers.

� Human-Computer Interaction – Specifyelementsandaspectsof theuserinterfaceof the
system,suchasstyle,messagesandresponsiveness.

� Adaptability – De�ne how easythe systemcan deal with changesin the requirements.
Extradesignwork maybeneededto ful�ll theserequirements.

� Availability – Specifywhenthesystemin operationmustbeavailable,for examplebetween
9 o'clock in themorningand5 o'clock in theafternoonor an averageavailability of 98%
peryear.
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� Portability – Describewhat is requiredwhenthesystemneedsto be portedbetweentwo
environments. An environmentcanbe a differenthardwarebaseor operatingsystemfor
example.

� Security – De�ne themeasuresthathave to be takenagainstthreatsto thecon�dentiality,
integrity andavailability of the system,suchashackers, virus intrusions,�res, computer
breakdownsandillegalactivities of unauthorizedusers.

� Safety– De�ne theneedsof usersto beprotectedagainstpotentialproblemssuchashard-
wareandsoftwarefailures.

� Standards– Referencetheapplicabledocumentsthatde�ne thestandardsof thesystem.A
standardcanbeaprocessor productstandard.Thepurposeof thissectionis not to mention
thesoftwareengineeringstandardthatis appliedduringtheproject,but to mentionstandards
like export �le formatsandsoon.

� Resources– Describetheavailableresourcesfor building thesystem,suchastherequired
hardwarethatthesoftwareis supposedto runon.

Thecategoriesmentionedabove re�ect theavailablecategoriesof constraintrequirements.Note
thatonly thecategoriesapplicableto thesystemmustbe includedin theconstraintrequirements
sectionof theURD.

4.4.2 Prototyping

Requirementsandmodelsareusuallystaticentities.In somecases,it maybeusefulto constructa
dynamicmodelthatis executableto verify partsof thesystem.Theprocessof creatingadynamic
modelis calledprototyping.

Theprototypere�ects theview on thesystemof theprototype's creator, which caneitherbe
thecustomer, thedeveloper, or both. Prototypingincreasesmutualunderstandingof thesystem,
andtriesto matchtheview on thesystemof thedeveloperandcustomer. New requirementsmay
surfacein the processof creatingthe prototype,and existing requirementsmay turn out to be
incompleteor evenerroneous.

Prototypingcan be particularly useful when visual user interfaceelementsneedto be de-
scribed.In thiscase,theprototypecanbeavaluableextensionto theuserrequirementsor replace
somerequirementscompletely.

4.4.3 The User RequirementsDocument

The URD summarizeswhat the systemthat is to be developedis supposedto do. It containsa
generaldescriptionof what the customerexpectsfrom the software systemand a sectionwith
theactualcapabilityandconstraintrequirements.TheURD shouldbearrangedaccordingto the
following tableof contents.

URD Tableof Contents

1 Introduction
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1.1 De�nitions, acronyms,andabbreviations
1.2 References

2 GeneralDescription

2.1 Generalcapabilities
2.2 Generalconstraints
2.3 Usercharacteristics
2.4 Operationalenvironment

3 Speci�c Requirements

3.1 Capabilityrequirements
3.2 Constraintrequirements

In addition,a DocumentStatusSheet(DSS)andtableof contentsshouldbe includedasunnum-
beredchaptersjust beforethe �rst chapter. The DSS is a table that containsthe statusof the
document.It shouldincludethetitle, identi�cation, authors,andapproval statusof thedocument.
Theapproval statusof thedocumentcanbe:

� Draft – Thedocumentis notyet internallyacceptedby all teammembers.

� Inter nally accepted– Thedocumentis acceptedby all teammembers.

� Approved – Thedocumentis acceptedby thecustomer.

In addition,theDSScontainsa revision history. Thedocumentrevision numberis formattedas
x:y:z. Here,x denotesthe major releasenumber, which is increasedto onewhenthe document
is externally approved. Hereafter, the numberis increasedwith oneevery time the document's
contentsigni�cantly changes.Thenumberdenotedby y is increasedto onewhenthedocument
is internallyaccepted.Thelastnumber, z is increasedafterevery minor changeto thedocument.
The documentrevision history containseachrevision numberincluding the dateof releaseand
reasonfor change,startingfrom revision 1:0:0. An exampleof a DSSfor anURD canbeseenin
Table4.1.

URD/1 Intr oduction

Thischaptershouldprovide ageneralintroductionabouttheprojectandthedocument.

URD/1.1De�nitions, acronyms,and abbreviations

This sectionshouldprovide a completelist of de�nitions, acronyms, andabbreviation that are
usedthroughoutthedocument.Whende�nitions, acronyms, or abbreviationsarelisted in other
documents,thenreferencesto thosedocumentsshouldbelistedhereaswell.

URD/1.2References

Thissectionshouldlist therelevantreferencesto otherdocuments.
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DocumentStatusSheet

Title UserRequirementsDocument:Projectname

Identi®cation Projectidenti®er

Author(s) Author(s)

Status Draft / InternallyApproved/ Approved

Revision Date Reasonfor Change

#.#.# Month ##,Year Author(s):Revision comment

#.#.# Month ##,Year Author(s):Anotherrevision comment

#.#.# Month ##,Year Author(s):And yet anotherrevision comment

Table4.1: Anexampleof a DSS.

URD/2 GeneralDescription

Generalfactorsthat in�uence therequirementsfor thesystemshouldbeprovidedin this chapter.
Thischapterdoesnotstatespeci�c requirements.

URD/2.1General capabilities

This sectiondescribesin naturallanguagewhat thesoftwareis supposedto do. An overview of
themaincapabilitiesandtheprocessthatis to besupportedby thesoftwarearegiven.

URD/2.2General constraints

In this section,all developers'limitationsfor building thesoftwarearesummarized.This section
doesnot point out speci�c requirementsor constraintson thedesign.It should,however, explain
why certainconstraintsexist.

URD/2.3User characteristics

This sectiondescribesthegeneralcharacteristicsof theend-usersthatmayin�uence therequire-
mentsof the systemthat is to be developed. Characteristicsof the usersthat canbe mentioned
arethe educationallevel, language,experience,andtechnicalexpertise. In addition,it could be
importantto know theamountof usersthatwill usethesystem.

URD/2.4Operational environment

The environment, in which the systemis to operate,is describedin this section. A narrative
descriptioncan be strengthenedby context diagramsin which the relation to external systems
couldbeclari�ed.
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URD/3 Speci�c Requirements

Thissectionwill summarizethespeci�c requirements.Eachrequirementisuniquelyidenti�ed and
hasa priority that indicateshow desiredthatspeci�c requirementsis. Userrequirementsshould
beveri�able andclearlywrittendown usingproperlanguage.Therequirementsaredividedin two
sectionscontainingthecapabilityrequirementsandtheconstraintrequirements.

URD/3.1Capability requirements

Thissectionsummarizesall capabilityrequirementsfor thesystem.Thissectioncanbedividedin
multiplesubsectionsto structuretherequirementsandincreasereadability.

URD/3.2Constraint requirements

Theconstraintrequirementsarelistedin thissection.Foreachconstraintrequirementscategory, as
de�ned in Section4.4.1,asubsectionshouldbepresentif therearerequirementsin thiscategory.

4.4.4 Review and ManagementPractices

The URD shouldbe constantlyunderreview by all teammembers.The statusof thedocument
progressesto internallyapproved,at themomenttheteamagreeson thecontentof thedocument.
For external approval, the documentshouldbe reviewed by the customerand employeesthat
are not in the project team. However, customerand non teammemberemployeesshouldbe
continuouslyinvolvedin theprocessof creatingthedocument.

Only whentheprojectmustbe restarted— whentherequirementsneedto bedrasticallyre-
visiteddueto new techniques,new insights,inadequateor changedrequirements— thedocument
will have a statusof draft again. Otherchangeswill only leadto a new revision of the external
approved document.Whenthe requirementsin the documentchange,the documentshouldbe
reviewedby thecustomeragain,beforebeingpublicly released.

TheURD shouldbeunderversionmanagementcontrol from the�rst draft. Every versionof
thedocumentafterexternalapproval shouldbetaggedin theversionmanagementsystem.External
approvedrevisionof thedocumentshouldbepublicly released.

4.5 DesignPhase

The designphasecanbe consideredasthe problemanalysisphasein the softwaredevelopment
cycle. The userrequirementsfrom the explorationphaseareexaminedanda designsolutionis
producedaccordingly. Thisdesignsolutionconsistsof alogicalmodel,optionallyasetof software
requirements,andanarchitecturaldesign.

Thedeliverablein this phaseis a SoftwareSpeci�cationDocument(SSD)or a SoftwareDe-
signDocument(SDD),whichcontainsadescriptionof thedesignsolution.TheSDDis a lessex-
tensiveversionof theSSD,intendedfor lesscritical or smallprojects.For critical or largeprojects
the SSDis recommended.The criticality of projectsandmethodologyselectionis describedin
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Section2.7,andtheapplicabilityof theprocessis describedin Section4.9. Thepracticaldiffer-
encesbetweenSSDandSDD will bedescribedin moredetailin thissection.

The�rst stepin thecreationof thedesignsolution,is building thelogical model.This model
canbeusedto optionallyspecifyastructuredsetof softwarerequirements,dependingon thecrit-
icality of theproject.For acritical andlargerproject,it is recommendedto formulatethesoftware
requirements.For lesscritical andsmallerprojects,this processmaybetoo time consuming,and
theeffort put into formulatingthesoftwarerequirements,doesnot weighup to thebene�ts. The
designsolutionis completedwith anarchitecturaldesign.Thefollowing sectionswill describethe
designsolutionin moredetail.

All teammembersthatdid not take part in theexplorationphasewriting formulatingthere-
quirements,needto examinetheURD carefullybeforeparticipatingin thedesignphase.

4.5.1 Logical Model

The logical modelis an implementationindependentmodelre�ecting the customer's wishes—
whatthesystemmustdo — organizedin a hierarchicalfashion.Becausetheendproductwill be
an object-orientedcomponentor applicationconsistingof several classes,the logical modelcan
bestbeconstructedby applyinganobject-orientedanalysismethod.Well known object-oriented
analysismethodsareRumbaugh[Rumbaughetal., 1991],Shlaer-Mellor [Shlaer, 1988,Shlaerand
Mellor, 1992],Coad-Yourdon[CoadandYourdon,1991]andBooch[Booch,1991]. Themodern
andbroadlyusedUML canbe usedto capturethe logical model [Object ManagementGroup,
2004].Theprojectteamis however freein choiceof bothmodelingtechniqueandlanguage.

The logical modelshouldbe a functionaldecompositionof the software. The main goal is
to identify the importantsubcomponents.The word componentin subcomponentheredoesnot
meansoftware component,but the normalEnglishde�nition “part of a larger whole” [Oxford
University,6thedition2002].Thelargerwhole— theproject— in thede�nition canbeasoftware
component.Thesesubcomponentsshouldconsistof oneor moreclassesthatwill bedetailedin
thearchitecturaldesign.The logical modelonly identi�es thesubcomponents'classesandtheir
properties.

4.5.2 SoftwareRequirements

Thesoftwarerequirementsarethedeveloper's view on theproblem,andaredescribedaccording
the logical model. The hierarchyfrom the logical modelmustbe usedto structurethe software
requirements.Therearetwo typesof softwarerequirements:(1) functionalrequirements,and(2)
non-functionalrequirements.Thefunctionalrequirementsspecifythefunctionsthatasubcompo-
nentor asubcomponent's classmustbeableto perform.

Non functional requirementsare usually relatedto a functional requirementand specify a
quantitative statementaboutthefunctionalrequirement.Thenon-functionalrequirementscanbe
categorized.Thefollowing list shows commoncategoriesof non-functionalrequirements:

� Performancerequirements– Specifya quantitative measurefor a de�ned function— for
examplespeed,accuracy, rateandfrequency. A performancerequirementmay specifya
rangeof toleratedvalues.
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� Interface requirements– Specifyhardwareandsoftwarethat thesystemmustbeableto
interactor communicatewith, andprotocoldescriptionsandotherinterfacesthatthesystem
mustsupport.

� Operational requirements– Describespeci�c requirementsfor theinteractionof thesys-
temwith theoperationalenvironment.

� Resource requirements– Specifyspecialneedsfor physicalresources,suchasmemory,
harddiskspace,andCPUpower.

� Security requirements– Describethespecialneedsfor thesecurityof thesoftware,they
specifyhow thesystemis securedagainstpossiblethreats.

� Portability requirements– Specifythepossibilitiesof operatingthesoftwarein otheren-
vironments.

� Quality requirements– De�ne thequality attributesof thesoftware— theuseof speci�c
regulations,standards,or quali�cation of third partysystemsfor example.

� Reliability requirements–SpecifytheMeanTimeBetweenFailure(MTBF) of thesystem,
if applicable.

� Maintainability requirements– Specifythedegreeof adaptabilityof thesystem.

� Safety requirements– Specifythe requirementsto reducethe possibility of damagethat
canfollow from failure.

Thesecategoriesmaygive anindicationof whatnon-functionalrequirementsshouldbeincluded
in thesoftwarerequirements.Obviously only thosecategoriesthatareapplicableto thesoftware
shouldbeincluded.

Both functionalandnon-functionalrequirementsshouldbe veri�able; thereshouldbe some
way to checkwhetherthesoftwareimplementsthesoftwarerequirementor not. If a requirement
is not veri�able, it is unusable.

Softwarerequirementsshouldbe formulatedonly for larger andmorecritical projects. The
softwarerequirementswill assistin progressingfrom logical modelto architecturaldesign.For
small and lesscritical projectsthe software requirementsmostly provide no, or only little, ad-
ditional informationthat will in�uence the architecturaldesign. In thoseprojects,the teamcan
continuefrom thelogicalmodelto thearchitecturaldesign.

4.5.3 Ar chitectural Design

The architectural designis the actualimplementationsolution to the problemdescribedby the
software requirementsand user requirements.The architecturaldesignconsistsof a physical
modelanddescriptionof the interfacesandfunctionalityof thesubcomponentsandthesubcom-
ponents'classes,usingimplementationterminology. Thephysicalmodelis constructedaccording
to thelogicalmodel,softwarerequirements,or userrequirements.

Eachsubcomponentin thelogicalmodelwill have acorrespondingpartof thephysicalmodel
in thearchitecturaldesign.Themodelmaybedescribedwith UML [ObjectManagementGroup,
2004], for example. It shouldprovide a framework for developmentin the next phase,thecon-
structionphase.This framework is providedby themodelby describingthepublic interfacesof
thesubcomponents.Theseinterfacedescriptions— classes,attributes,andmethods— shouldbe
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clari�ed whennecessaryusingnaturallanguage.The adaptabilityof the designis important,in
casethecustomerneedschangesin requirements.

Thephysicalmodelshouldcover all softwarerequirementsfor anSSD,or userrequirements
in caseanSDDis chosen.

4.5.4 The Software Speci�cation Document

The purposeof the SoftwareSpeci�cation Document(SSD) is to describewhat the productis
supposedto do. It shouldcover all therequirementsstatedin theURD. It will containthedesign
solutionthatis usedin theconstructionphaseto implementthesoftware.The�rst partof theSSD
coversthedeveloper's view of thesoftware,without usingactualimplementationterminology—
Chapter2 and3. Thesecondpart— Chapter4 — anobject-orienteddesignfor thesoftwareusing
implementationdetails.TheSSDshouldbecompiledaccordingto thefollowing tableof contents.

SSDTableof Contents

1 Introduction

1.1 De�nitions, acronyms,andabbreviations
1.2 References

2 ModelOverview

2.1 Decompositiondescription

3 Speci�c Requirements

4 Design

4.1 Globaltypesandclasses
4.n Subcomponent

4.n.1 Designmodel
4.n.2 Function
4.n.3 Dependencies

In addition,aDSSandthetableof contentsshouldbeinsertedjustbeforeChapter1asunnumbered
chapters.Thepurposeanduseof aDSSis alreadydescribedin theexplorationphase,Section4.4.
The documentstatussheetcontainsthe statusandrevision numberof the document,using the
samerevision numberingconventionsasfor theURD.

SSD/1Intr oduction

Thischaptershouldcontainall introductorymaterialabouttheprojectandthedocument.
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SSD/1.1De�nitions, acronyms,and abbreviations

All de�nitions, acronyms,andabbreviation usedthroughoutthedocumentshouldbe listedhere,
or referencesto documentsthat containthe appropriatede�nition or term shouldbe included.
Ambiguoustermsshouldalwaysbeinsertedhere,to de�ne asinglemeaningfor theterm.

SSD/1.2References

Thissectionshouldlist therelevantreferencesto otherdocuments.

SSD/2Model Overview

This chaptercontainsthe visualizationof the logical model, including a swift overview of the
subcomponents.

SSD/2.1Decompositiondescription

Thesectionshouldcontaina moredetaileddecompositiondescriptionof the logical model. The
sectioncanbein theform of awalk-throughthemodellevel-by-level, highlightingimportantfacts
aboutthesubcomponentsandoptionallydescribingthesubcomponent's classes.

SSD/3Software Requirements

This chaptercontainsthesoftwarerequirements.Eachrequirementshouldhave anidenti�er and
priority. Thechaptermaybedividedinto sectionsto structuretherequirements.

SSD/4Design

This chaptercontainsthe physicalmodelandclari�cation. If applicable,a (visual) overview of
the physicalmodelcanbe includedhere. The subcomponentsof the modelareelaboratedin a
separatesectionpersubcomponent.

SSD/4.1Global typesand classes

The global (implementationspeci�c) typesand classes(suchas exceptionclasses),applicable
to all subcomponents,are listed in this section. Customdatatypes,that areusedto de�ne the
interfacesof subcomponent,shouldbeincludedaswell.

SSD/4.nSubcomponent

For eachsubcomponenta sectionshouldbeinserted,with theidenti�cation of thesubcomponent
assectiontitle. A brief introductionto thesubcomponentshouldbeinsertedhere.
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SSD/4.n.1Designmodel

This subsectionshouldincludea visualizationof thepartof thephysicalmodelrepresentingthis
subcomponent,includingaclari�cation of themodelif necessary.

SSD/4.n.2Function

This sectiondescribesthefunctionof thesubcomponent,by statingwhatthesubcomponentdoes
andhow it shoulddo it. Theprocesswithin thecomponentcanbeoutlined,includinginformation
thatis transmittedandstored.Theinputandoutputof thesubcomponentmaybeclari�ed, aswell
asa descriptionof theattributesof thesubcomponentincludingtherangeof possiblevaluesand
initial valueif applicable.

SSD/4.n.3Dependencies

All dependencies,internalandexternal,shouldbe listed in this section. Dependencieson other
subcomponents,otherprojects,third partysoftware,hardware,andso on, shouldall beclari�ed
here.

4.5.5 The Software DesignDocument

A SoftwareDesignDocument(SDD) is a lessextensive versionof theSSD.It doesnot contain
a softwarerequirementssection.Obviously, thearchitecturaldesignmustcover all userrequire-
mentsinsteadof all softwarerequirementsin theSDD.

SDDTableof Contents

1 Introduction

1.1 De�nitions, acronyms,andabbreviations
1.2 References

2 ModelOverview

2.1 Decompositiondescription

3 Design

3.1 Globaltypesandclasses
3.n Subcomponent

3.n.1 Designmodel
3.n.2 Function
3.n.3 Dependencies

In theSDDa DSSandtableof contentsmustbeincludedbeforetheactualcontentaswell.
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4.5.6 Review and ManagementPractices

TheSSDor SDD shouldbe constantlyunderreview by all membersof theprojectteam. When
the teamagreeson the contentof the document,the document's statusprogressesto internally
approved.For externalapproval thedocumentshouldbereviewedby thecustomerandemployees
not in theprojectteam.However, customerandnonteammemberemployeesshouldbecontinu-
ouslyinvolvedin theprocessof creatingthedocument.

Only whentheprojectmustbe restarted— whentherequirementsanddesignneedbedras-
tically revisiteddueto new techniques,new insights,inadequateor changedrequirements— the
documentwill have a statusof draft again. Otherchangeswill only lead to a new revision of
the externalapproved document;the documentmustbe reviewed by the teammembersbefore
beingpublicly releasedagain.Whenever thedesignleadsto changesin theuserrequirements,it
is possibleto reiteratetheexplorationphase,with therestrictionthatthecustomeragreeswith the
changesin theuserrequirements.

TheSSDor SDD shouldbeunderversionmanagementcontrol from thevery �rst draft. Ev-
ery versionof thedocument,afterexternalapproval, mustbe taggedin theversionmanagement
system.Externalapprovedrevisionof thedocumentmustbedeployed.

4.6 Construction Phase

Theconstructionphaseis thephase,in which theproductis implemented.Thedeveloperswrite
thesourcecode,anddocumentandtestthesoftware,following thedesignfrom thedesignphase.
The programmingtaskscanbe divided amongstthe developerson basisof the subcomponents
speci�edin theSSDor SDD.Theoutputsof thisphasearesourcecode,API documentationanda
SoftwareUserManual(SUM), if applicable.

4.6.1 Implementation and Testing

Thedevelopersthatwerenot partof theteamduringtheexplorationor designphaseshouldread
theURD andSSDor SDD.Theimplementationof the�nal product,producingthesourcecode,is
themostimportantjob in thisphase.To increasesourcecodereadability, asetof codingstandards
shouldbeprepared.Includingcodingstandards,severalothertechniquescanhelp in theprocess
anda numberof importanttechniquesfrom ExtremeProgrammingandPragmaticProgramming
areincludednext.

Thepair programmingtechniqueappliedin extremeprogramming[AuerandMiller, 2003]can
beappliedin thisprocessaswell. This techniquerequirestwo softwareengineersto participatein
acombineddevelopmenteffort atoneworkstation.Bene�ts of pairprogrammingare:

� Increaseddiscipline. Pairing partnersaremorelikely to “do the right thing” andare less
likely to take longbreaks.

� Bettercode.Pairingpartnerstendto comeup with higherqualitydesigns.

� Resilient�o w. Pairing leadsto adifferentkind of �o w thanprogrammingalone,but it does
leadto �o w. Pairing �o w happensmorequickly: oneprogrammerasksthe other, “What
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werewe workingon?” Pairing �o w is alsomoreresilientto interruptions:oneprogrammer
dealswith theinterruptionwhile theotherkeepsworking.

� Improvedmorale.Pair programming,donewell, is muchmoreenjoyablethanprogramming
alone,donewell.

� Collective codeownership. Wheneveryoneon a project is pair programming,andpairs
rotatefrequently, everybodygainsaworkingknowledgeof theentirecodebase.

� Mentoring. Everyone,even junior programmers,hasknowledgethat othersdo not. Pair
programmingis apainlesswayof spreadingthatknowledge.

� Teamcohesion.Peoplegetto know eachothermorequickly whenpairprogramming.

� Fewer interruptions.Peoplearemorereluctantto interrupta pair thanthey areto interrupt
someoneworkingalone.

Studieshave shown thatafter training for thepeopleskills involved, two programmersaremore
thantwice asproductive asonefor a given task. More informationaboutpair programmingcan
befoundin theXP series[Beck,1999,AuerandMiller, 2003,Jeffries etal., 2000].

ThePragmaticProgrammeractuallyis a compendiumof usefulprogrammingtips andtricks
[Hunt andThomas,1999]. TheDon't RepeatYourself (DRY) Principle, Broken WindowTheory
andRefactoringarethreevaluablehighlightsfrom Hunt andThomas'book. Refactoring,a tech-
niquealsoappliedin XP, tellsadeveloperto nothesitateto changetheworkingsof apieceof code.
New insights,new performancerequirementsor anonorthogonaldesignareall reasonsto refactor.
Refactoringshouldbedonewith care,takingslow stepsandwithoutaddingfeaturesconcurrently.

The broken window theory tells somethingaboutsoftware rot. The theoryoriginatesfrom
researchin the�eld of crimeandurbandecay. A brokenwindow, left unrepairedfor a substantial
lengthof time, cancausea senseof abandonment.Anotherwindow getsbroken,peoplestartlit-
tering,graf�ti appearsandseriousstructuraldamagebegins.Thenthebuilding becomesdamaged
beyondtheowner's desireto �x it, andabandonmentbecomesreality. Thesameholdsfor broken
windows in software— a baddesign,a poor pieceof code,or terrible error handling. Broken
windows shouldbe �x ed assoonasthey arediscovered. Systemdeteriorationandsoftwarerot
shouldbeavoidedat all costs.

TheDRY principlestates:“Every pieceof knowledgemusthave a single,unambiguous,au-
thoritative representationwithin asystem”[Hunt andThomas,1999].Duplicationcaneasilylead
to mistakes: “The alternative is to have thesamething expressedin two or moreplaces.If you
changeone,youhaveto rememberto changetheothers,or, like thealiencomputers,yourprogram
will bebroughtto its kneesby a contradiction.It isn't a questionwhetheryou'll remember:it' s a
questionwhenyou'll forget” [Hunt andThomas,1999].

Developersareencouragedto write unit testsfor thesubcomponentsspeci�ed in theSSDor
SDD.Unit testingis describedin boththeXP method[Auer andMiller, 2003]andthePragmatic
Programmer[Hunt andThomas,1999].The�nal product— thecomponent— canbeviewedas
aunit aswell, becauseit is a partin anapplicationor anothercomponent.Thereforea testshould
bewritten thatteststheworkingsof thesystem,in casethedevelopedproductis acomponent.
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4.6.2 API Documentationand User Manual

In casetheprojectcomprisesa component,API documentationshouldbewritten. In othercases
besidesAPI documentation,a softwareusermanualmaybewritten. API documentationshould
bein thesourcecodeitself accordingto thede�ned codingstandard,describinghow to placeAPI
comment. If possible,a tool shouldbe usedthat is able to generateonline documentationand
paperdocumentationof thesourcecode.

TheAPI documentationdescribesthe(inner)workingsof thesourcecodeandhow to usethe
software asa developer. Eachclassincluding its propertiesandmethodsshouldbe described.
For methods,its parametersandreturnvalueshouldbedescribedaswell. Thedescriptionsin the
API documentsshouldbe clearenoughfor anotherdeveloperto usethe codein his or her own
componentor application.

Obviously, if the�nal productis a componentor library of components,theAPI documenta-
tion canbe regardedasits usermanual. But for otherprojectsthe API documentationmay not
describehow to usetheproduct.In thatcasea SUM shouldbewritten for theend-users.A SUM
describeshow to usethesoftware. It educatestheuserwhat thesoftwaredoesandinstructshow
to do it. TheSUM shouldbetargetedfor bothnoviceandexpertusers.

The SUM may be divided into several sections,aimedat differentusers,or different levels
of usersof theproduct(end-user, operator, administrator, andsoon). TheSUM canbeeitheran
online (context sensitive) helpsystem,a hypertext document,or paperbooklet,whatever is best
for the typeof software. Theprocessdoesnot prescribea speci�c tableof contentsfor a SUM,
but thefollowing guidelinessummarizetheissuesthatmaybedescribedin thedocument:

� An overview of the purposeof the software. The main tasksthat the softwarecanful�ll
shouldbedescribed.Theprerequisitesfor usingthesoftwaremaybeformulated,if appli-
cable.

� Tutorialsfor the main tasksof thesoftware. Aimed at novice users,several tutorialsmay
be includedto instruct how to accomplishthe most frequentlyusedfunctionality of the
software. Theseinstructionsmay be a solutionfor a problemformulatedin the form of a
question.

� A referencesectiondescribingall functionality of the software. All the tasksthat a user
canaccomplishwith thesoftwareshouldbedescribedin thereferencesection,includingan
outlineof instructionsfor theuser.

� Summaryof errorsandtheir resolution.Thefrequentlymademistakesby usersshouldbe
describedincludingwhattheuserdid wrongandhow heor shecansolve theproblem.

� Examplesof useor usecases.To clarify somepurposesof thesystem,anexampleor use
casemy beprovidedfor theend-user.

Writing agoodusermanualis verydif�cult. Especiallywhenamanualis writtenby thesoftware's
author(s),it canbe hardto understandor may even be obscure.The informationin this section
will not guaranteea clearandwell written usermanual,it merelyprovidesvery basicguidelines
asa start. Many booksandtutorialsareavailablefor writing betterEnglishandto aid writing a
usermanualor assistwriting clearAPI documentation.
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4.6.3 Review and ManagementPractices

Thisphasemayleadto changesin thedesignor changesin theuserrequirements.In thecasethat
thedesignmustbeupdated,thedesignphasemaybereiterated,with therestrictionthattheteam
membersagreeonthechanges.Changesin theuserrequirementsmustalsobeagreeduponby the
customer. Theexplorationphase,andif necessary, alsothedesignphaseis reiterated.

The sourcecodemustbe underrevision control at all times. Eachpublicly releasedversion
(startingfrom version1.0.0)mustbetagged.ThesourcecodeandAPI documentationshouldbe
underreview by thedevelopmentteam,ateammembermayinspectsourcecodeof othermembers
from timeto timeandinform theauthor(s)of any discrepancies.Thepair-programmingtechnique
maybeappliedfor thispurpose.

A productversionnumberis formattedasx:y:z, wherex is calledthemajorversionnumber, y
is calledminorversionnumberandz is calledthereleaseversionnumber. Whentherequirements
or designdrasticallychangeor major featuresareadded,themajorversionnumberis increased.
Minor changesto the softwarewill leadto an increaseof the minor versionnumber. Bug�x es
or patcheswill have an increaseof releaseversionnumberz. Other changesthat do not lead
to a changein functionality of the product(for examplea correctionof a spellingerror in API
documentation)mayresultin a new deploymentrelease,denotedwith a suf�x –rn. Theversion
numberis formattedasx:y:z–rn in thiscase.Heren denotesthen-th deploymentreleaseof version
x:y:z.

If a SUM is written it shouldalsobe underversionmanagementcontinuously. In casethe
SUM is integratedwith thesourcecode,it will beunderversioncontrolalreadyandtheversion
numberof thesourcecodewill apply to theSUM aswell. WhentheSUM is a separate(paper)
document,thesamereview andmanagementpracticesasfor theURD, SSD,andSDD shouldbe
appliedto theSUM. If possiblea DSSshouldbeinsertedbetweenthetableof contentsandother
contentin this case.

4.7 MaintenancePhase

Themaintenancephaseis entered,whenall requirementswith thehighestpriority in theURD are
implemented.Theserequirementsaremarkedassuchin theURD. It is not necessarilytrue,that
all requirementsareimplementedwhenthemaintenancephasestarts,for it is possiblethatsome
requirementshave apriority thatindicatesthattheserequirementsdo nothave to beimplemented
for thesoftwareto bedeployed. In themaintenancephasethe�nal versionof thesoftwareproduct
is delivered. Additionally, the phaseconsistof communicatingdefectsby the end-usersto the
developers.Thedevelopershave to respondby takingtheappropriateactions.

Bugsandissuesthat surfacewhile the software is in useneedto be collectedandarchived
somewhere.Thisis calledbug-andissuetracking.Not only annoyances,errors,or otherproblems,
but alsomissingfeaturesarecapturedin the issuetrackingsystem.For thebugtrackingsystema
competenttool shouldbeused.A priority is assignedto eachissuewhichallows thedevelopment
teamto decideon thenecessityto constructanddeploy anew releaseof thesoftwareagain.

Thedatafrom theissuetrackingsystemcanbeusedto decidewhethertheprojectneedsto go
backto an earlierphase– the exploration,design,or constructionphase.Whenthe issuesonly
compriseminor bugsand�x es,theconstructionphasecanbeenteredagain,without restrictions.
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If featuresthatneeddesignchangesareto beadded,thedesignphasecanbeenteredagain,with
thesamerestrictionsasin theconstructionphase:theteammembersmustagreeuponthedesign
change.Whenchangesin theuserrequirementsarenecessary, theexploration,andif necessary,
also the designphasecanbe reiteratedwith the samerestrictionsas in the constructionphase:
thecustomermustagreeuponthechangesin theuserrequirementsandthe teammembersmust
agreeuponthedesignchanges.Whentheproductdoesnot ful�ll its tasksanymore,andneedsa
completeredesign,theprojectcanberestarted,andtheexplorationphaseis enteredagain,using
thedatafrom theissuetracker asinput.

The issuetrackingsystemmaybe madeaccessiblefor theend-usersif thesystemallows the
end-usersto useit (in otherwords,if theusersarecompetentenoughor thesystemis easyenough
to use).Otherwiseanotherform of communicatingtheend-user's issuesis necessaryandsome�l-
teris neededto gettheissuesinto thesystem— for exampleaspecialemailaddressandsomebody
that reads,processesandanswersthe emailsreceived at the speci�c email address,or a special
phone-inhelp-deskfacility.

Themaintenancephaseends,whentheprojectdies. A projectdieswhenthecustomerdoes
not reportnew featuresor defectsanymore,andall requirementsin the URD areimplemented.
This rarelyhappens.In practice,mostsoftwaresystemsrequiremaintenanceuntil the customer
stopsusingthe system.That is, whenthe customergoesout of businessor whenthe systemis
supersededby another.

4.8 Planning a Project

Themattersof planninga projecthave not yet beenresearchedinto full detail. Theprocesswas
only appliedto a smallnumberof projects.In addition,theperiodof time sincetheprocesshas
beenintroduced,is not long enoughto thoroughlyanalyzehow to plan a project,andthereare
no resultsof planninga projectin variousways. Furtherresearchof literatureon the topic, and
practicalresearchresultsarenecessary, beforeconclusionscanbedrawn.

Althoughnoguidelinesto planaprojecthavebeenintroducedyet,aform of planningaproject
hasevolvedin theprocessof adaptingthemethoddescribedin this chapter. At startof theexplo-
rationphase,adateis setfor theinternalapprovedversionof theURD. Whenthedesignphaseis
entered,a dateis setfor theinternalapprovedversionof theSSDor SDD.Whenever adocument
— URD, SSD,or SDD — needsto bechanged,adateis setfor thechangesto beready.

The constructionphaseis divided into iterations,concludedby a preliminaryreleaseof the
product.Eachiterationis plannedby statingwhat requirementswill be implementedin thenext
releaseandthedurationof theiterationis estimated.The�nal iterationof theconstructionphase
endswith the�nal, public releaseof theproduct.Themaintenancephaseis plannedsimilarly, by
estimatingthetime neededto �x aspeci�ednumberof issuesfor thenext maintenancereleaseof
theproduct.

4.9 Applicability

Theproposedprocessis originally designedfor developingcomponents,whichdoesnotmeanthat
theprocessis restrictedto thedesignandimplementationof components.Wehavealreadyapplied
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it to designandimplementtwoapplicationsaswell. Choosingamethodologyandprocessdepends
onseveralfactors,describedin Section2.7. By applyingCockburn's principles[Cockburn,2000]
on thecomponentprocess,thefollowing guidelinesarederivedthatre�ect theapplicabilityof the
process:

� Principle 1 – Theprocessis designedfor smalldevelopmentteamsandsuccessfullyapplied
to projectswith oneupto four teammembers.Dependingonthesizeof theproject,theteam
sizecanbeenlarged,but therehave not yet beenany testsapplyingtheprocessto a project
with more than four teammembers.As alreadymentionedin the processoverview, the
processis designedfor smallprojectsandsmallteamsizes.

� Principle 2 – The developedcomponentsdo not have lossof life or lossof irreplaceable
money asa consequenceof failure. Becausethecomponentsaremainly developedfor use
in an administrative application,failure resultsin loss of discretionarymoney or loss of
comfort.Theprocessmustnotbeappliedto projectswith ahighercriticality.

� Principle 3 – The processis designedwith costminimizationin mind. Actual returnon
investmentis low, becausethecomponentsaremainlyusedto replaceoutdatedcode.How-
ever, costminimizationmustnotaffect stabilityandcorrectnessof thecomponents.

� Principle 4 – Themethodis designedfor co-locatedteams,or teamsthatmeeton a regular
basis.Adaptionsto theprocessareneededfor it to work with differentiatedteams.

The applicability of the ESA lite standardvery much re�ects the applicability of the standard
proposedin this chapter, astheprocessis a derivative of ESA lite. Generallythestandardworks
successfullyfor noncritical smallprojects— lessthan15.000linesof code,excludingcomments
— with amaximumof � veco-locatedteammembers.

4.10 Conclusion

Thechapteris concludedby arguingthatwe modi�ed andpromotedESA lite to anagileprocess
by reviewing bothTable2.1andtheprinciplesfrom theAgile Manifestofrom Section2.5.2.Table
2.1 illustratestheimportantdifferencesbetweenagileandheavyweightprocesses.Thefollowing
list shows thattheproposedprocesshasthepropertiesof anagilemethodology.

� Approach–Theprocess'approachtendstobemoreadaptivethanpredictive. Requirements
aregatheredin advance,but arecertainlynot �x ed. At any time theserequirementscanbe
changed,without restriction.

� Successmeasurement– A component's successis measuredto theextent it contributesto
theexisting software: its businessvalue. An indicationof how well a speci�c component
contributes,can,for example,bemeasuredby thenumberof bugsthatarereportedin that
partof theapplicationin which thecomponentis implemented.

� Project size– Small, rangingfrom 2,000to approximately10,000SourceLinesOf Code
(SLOC).

� Managementstyle– Teamsareself-organized:adecentralizedapproach.

� Perspective to change– Phasesmay be iteratedarbitrarily, without restrictions.Changes
aretakenfor grantedandtheprocessanticipateschanges.
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� Cultur e– Collaboration.

� Documentation – Low, rangingfrom 3 to 11 pagesper 1,000SLOC, or the other way
aroundrangingfrom 87 to 383SLOCperpagedocumentation.

� Emphasis– Processis adaptedto projectsandteams.

� Cycles– Numerous:arbitraryiterationof phases.

� Domain – Mix of predictionandexploration. The componentis designedto �t into the
software,but requirementsanddesignmayandmostlikely will changeasexplorationcon-
tinues.

� Teamsize– Theteamsizeis smallandvariableandvariesbetween1 and4 teammembers.

� Upfr ont plan – Minimal.

� Return on investment– Startingat initial release.

� Chain of command – Customeranddeveloperinteractdirectly, thereareno personsbe-
tweencustomeranddevelopers.

Furthermore,all principlesof theAgileManifesto, seeSection2.5.2,areadheredto. Thefollowing
list enumeratesprocessadherencefor eachprinciple:

1. Customersaresatis�edby earlyandcontinuesdeliveryof valuablesoftwareby adheringthe
opensourceparadigmto releaseearlyandreleaseoften. A componentis releasedassoon
asa �rst working versionis readyin the constructionphase.Every time signi�cant new
featuresareaddedor bugsare�x ed,theproductis releasedagain.

2. Changesin userrequirementsarewelcomeby thepossibilityof falling backto theexplo-
ration phase.Requirementsoften changeafter a releaseof a testversionof the software,
which resultsin anew iterationthroughexplorationanddesignphase.

3. Workingsoftwareis deliveredfrequently, seeprinciple1.

4. Thereis noseparationof managementanddevelopment:managementis partof theprocess.
Thecustomeris alwaysavailable;whenever neededthecustomercanbecontacted.

5. Tasksaredivided basedon preferencesof teammembersandnot by top down decisions.
Motivationandtrustarehigh, theprojectteamsareoperatingtechnicallyon their own.

6. Face-to-facecommunicationis mostfrequentlyused,becausethe teamsareco-locatedor
meeton a regularbasis.

7. Workingsoftwareis theprimarymeasureof progress;a projectbecomesinterestingfor the
customeronly whenthereis aworkingversionof thecomponent.

8. A constantpaceis maintained,becausethereareno time consumingobstaclesto go from
onephase(back)to another. Closecollaborationwithin andbetweenteamspromotessus-
tainabledevelopment.

9. Teammembersmustbewell educatedandarerecommendedto stayupto datewith further-
ingsin thediscipline.Constantreviewsandcollaborationareusedastechniquesto improve
technicalexcellenceandgooddesign.

10. Techniquesfrom principle9 areusedto promotesimplicity too.

11. Theteamsareself-organizedandoperatetechnicallyon theirown.
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12. All employeesregularly meetandre�ect on the currentmethods,tools andprojects. The
process,toolsandprojectsareimprovedwherever andwhenever possible.

Although theprevious argumentsclaim that theprocessis agile, it canbearguedthata division
of a processinto phases,a requirementsdocument,anda designdocumentarenot commonin
agile methods. The process'phasesarea guideline,for the developer, but also an outline for
describingtheprocess.Thephasesmaybeviewedasname-tags,to beableto betterexpresswhat
the developmentteamis working on, in somestageof a project. The phasesitself imposeno
restrictionswhatsoever on adevelopmentteamto accomplishtheir task.

Therequirementsdocumentis not a contractualagreementbetweenthecustomerandthede-
velopmentteam,whichis commonin heavyweightstandards.It shouldbeaslim document,which
canbeeasilyupdated,thatshouldserveasaquick referenceinto thefunctionalityof thesoftware,
for thedevelopersto pick out tasksfor themto do. Thedesigndocumentcontainsadecomposition
into subcomponentsandasubcomponent's essentialclassdiagrams,includingashortexplanation
of thosediagrams.This documentis usefulfor two purposes:(1) it actsasa meansof dividing
thework anddebatingthedesignwith thedevelopmentteammembers,and(2) it provides— in
caseof a component— a �oor plan to investigatewhetherandhow well it �ts into theexisting
software.

The following statementfrom the Agile Manifestowebsitesummarizesthe ideologyof the
processdescribedin thischapter:“The Agile movementis notanti-methodology, in fact,many of
uswantto restorecredibility to thewordmethodology. Wewantto restoreabalance.Weembrace
modeling,but not in order to �le somediagramin a dusty corporaterepository. We embrace
documentation,but not hundredsof pagesof never-maintainedandrarely-usedtomes.We plan,
but recognizethelimits of planningin a turbulentenvironment”[Becket al., 2001].

To beableto deploy anagilemethod,assketchedabove, thereis aneedfor adifferentkind of
employeesthanin heavyweightmethods.Namely:

� Employeesmustbe ableto do several typesof activities, suchasmanagement,customer
interaction,design,andprogramming.

� Employeesmustbeableto work with a largenumberof toolsandtechniques.

� Employeesmustbeableto quickly switchbetweentoolsandtechniques.

Deploying an agile methodseemsto be cheaperandmoreef�cient, but hasasa — hidden—
costtheneedfor highly trainedandmotivatedemployees.This is not thecasein moreclassical,
heavyweightmethods.

Theoverheadcoststhatwerecausedby applyinga heavyweightprocess,wererelatedmostly
to thecontext wheretheprocesswasapplied.The�nal conclusionis thata moreagileapproach
is, in thisspeci�c componentdevelopmentcontext, moreeffectiveandmoreproductive thana full
�edged heavyweightprocess.





Chapter 5

An Abstract Model to SelectSoftware
DevelopmentTools

The humanmind has�rst to constructforms,independently, before wecan �nd themin things
— Albert Einstein

Chapter3 alreadydiscussedthedif�culties to selectappropriatetools for a given project. Espe-
cially from theever-wideningsetof opensourceandothersoftwaretools. An abstractmodelto
assistin theselectionprocessis proposedin thischapter.

5.1 Intr oduction

In Chapter3, the importanceof tools andselectionof the tools andworkbenchwasdiscussed.
Therewasa felt needfor moreorder in the selectionprocess.After a coupleof brainstorming
sessionsthe authorsproposedan approachthat may be followed in managingthe selectionpro-
cess.Theapproachwasappliedretrospectively to two casestudies.Theaim of this chapteris to
presenttheapproach.Theproposalis anabstractmodelthatpromotescarefulconsiderationand
transparentdocumentationof therationalebehindselectingasetof softwaredevelopmenttools.

At �rst reading,the model may appearto be nothing more than commonsense– using a
generaldecision-makingprocessthatmaybeapplicablein many differentareas.For this reason,
practicalexamplesfrom industryareexaminedin orderto shedlight on aspectsof applyingthe
modelto choosingtoolsfor two speci�c contexts. In bothindustryexamplesopensourcetoolsare
preferredover proprietarytools. Theapproachis however not only suitablefor opensourcetools
but alsofor proprietarytools,or a mix. Although the logic behindthemodelis simpleenough,
therealeffort is to discerntheappropriatepropertiesof toolsbeingevaluated,andthecriteriafor
choosingbetweenthem.Sharingthisexperienceis valuablein itself.

The chapteris structuredasfollows. A brief overview of previous work relatedto this con-
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tribution is provided in Section5.2. In Section5.3 the abstractmodel itself is described.After
that, the two casestudiesarepresented,in Sections5.4.1and5.4.2respectively. Finally, some
conclusionsaregivenandfurtherwork is proposedSection5.5.

5.2 RelatedWork

CASE tool evaluationhasbeenassessedby several studies,for examplethe impacton systems
developmentprocessby Jankowski [Jankowski, 1997],a framework for assessingCASEusageby
SharmaandRai [SharmaandRai, 2000], CASE tool evaluationat Nokia by MaccariandRiva
[MaccariandRiva, 2000]anda methodfor CASEtool evaluationby du Plessis[Plessis,1993].
However, all theseapproachesaretargetedat evaluationperCASEtool. Theproposedapproach
comparesasetof toolsto selectasubsetfor aprede�nedpurpose.

Le BlancandKornproposeda phasedapproachto evaluateCASEtoolsandindicatehow the
�nal selectionfor aCASEtool is made[LeBlancandKorn,1994].Thewritersde�ne threephases
to betraversedduringtheprocessof selectinganappropriateCASEtool. In phase1, prospective
candidatesarescreenedanda small list of CASEtools is drawn up. In this phasea preliminary
screeningis madeby looking at uncommonlyprovided functionality. In phase2, a CASE tool
candidateis selectedthatbestsuitsthesystemdevelopmentrequirements.Thiscanof courseonly
be donewhena suitableCASE tool exists for this particularenvironment. Phase3 is the actual
matchbetweentheuserrequirementsandthe featuresof theselectedCASEtool. We proposea
similarapproach,by usingamatrix to visualizethereasoning,for choosingsoftwaredevelopment
tools.

Thestudyof CASEtool adoptionby Iivari, alreadydiscussedin Chapter3, foundthat intro-
ductionof CASEtoolsby top-down decisionfrom uppermanagementresultin shelfware[Ii vari,
1996].Researchby Stobartandassociates,andSharmaandRaishow similarresults[Stobartetal.,
1993,SharmaandRai, 2000]. Therefore,this approachpromotesthedecisionto beat thedevel-
operlevel, andnotat managementlevel. However, in thecaseof expensive proprietarytools,this
mustnecessarilybeapreliminarychoice,afterwhichmanagementshouldbeengagedto negotiate
aboutaffordability issues.

Thede�nition of tool from Chapter3: “a computerprogramthathelpssoftwaredevelopersto
createor maintainotherprograms”appliesto thetermtool usedfor theapproachin this chapter
aswell. As mentionedin Chapter3 this termincludesCASEtoolsby de�nition. No distinctionis
madebetweenclassesof tools.

An attemptto de�ne practicesfor choosingandevaluatingsoftwareengineeringmethodsand
tools,is theDESMETproject[Kitchenhamet al., 1997]. TheDESMETevaluationmethodology
separatesevaluationexercisesinto quantitative andqualitative evaluations.A quantitative (objec-
tive) evaluationexerciseis aimedat establishingmeasurableeffects. Thequalitative (subjective)
evaluationis aimedat establishingthe appropriatenessof a tool or method. In otherwords, to
whatextenddoesa tool or methodful�ll theneedsof anorganization?“The appropriatenessof
a methodor tool is usuallyassessedin termsof the featuresprovidedby themethodor tool, the
characteristicsof its supplierandits trainingrequirements.” A qualitativeevaluationis oftenbased
on thepersonalopinionof theevaluator.

The modelwe proposein the next sectionis basedon suchqualitative analysisof the tools
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andpropertiesof a tool. The evaluationof a tool is basedon literaturedescribingthe tool and,
if applicable,basedon experiencewith that tool. The proposedmodel is a visualizationof an
evaluationof severaltools.

5.3 The Model

In this sectionthe abstractmodel is proposedto aid in choosinga set of tools. It is abstract
in the sensethat onemay chooseto implementthe principlesespousedin many differentways.
Themodelconsistsof 5 steps,which canbeexecutediteratively, skippingsomeif appropriatein
the given practicalcontext. By executingthe steps,a so calledtool matrix is constructed.This
matrix documentsthecomplianceof toolsbeingevaluatedto stipulatedrequirements,andaidsin
choosingthesetthatcompliesbest.

5.3.1 Application

Themodelis designedto beappliedin diversesoftwareengineeringmethodologies.For example,
in a rigorousmethodwherethephasesarede�ned to be followed sequentially— theESA Soft-
wareEngineeringStandard[EuropeanSpaceAgency, 1991] andFusion[Colemanet al., 1994]
for example— the stepsof the modelcanbe executedat the startof eachphase. In addition,
the selectionof tools canbe revisedby iteratingthe modelstepsthroughouta phase. In Agile
developmentmethodologies[Abrahamssonet al., 2002,Auer andMiller, 2003], the modelcan
be appliedequallywell. In sucha methodology, whereprogressis designedto be incremental
throughiterations,themodelstepscanbefollowedfrom time to time to make surethatthesetof
toolsbeingusedstill suf�ces.

5.3.2 Tool Matrix

Thetool matrix is avisualizationof thetool evaluationandselectionprocess.Thecolumnsof the
matrix containtherequiredpropertiesof tools,andtherows of thematrix list the toolsandtheir
complianceto thoseproperties.As partof de�ning theneedfor aspeci�c requirement,acriticality
is assignedto eachof the requiredproperties.Thesecriticalitiesareusedascriteria in choosing
the�nal setof tools.Thematrixevolvesby iteratingthestepsof themodel.

5.3.3 The Steps

Step1. Find or re�ne desiredcategoriesof tool support

The �rst stepin theprocessof selectinga setof tools is to specifythedesiredcategoriesof tool
support.Theactionsto takein thisstepdependonthestatusof theproject.An initial list of desired
tool categoriesis needed,if theproject is in its beginning stages.As such,certaintools will be
needed,for examplea documentationsystem.As a result,a systemto storethosedocumentswill
be neededtoo. Often developershave experiencein the mostcommonshortcomingsthat have
beenencounteredon previousprojects.This is helpful in extendingthelist.
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It is however unusualto �nd all desiredcategoriesat once. Finding andre�ning categories
of desiredtool supportis a recurringprocessthatshouldberepeatedthroughoutthedevelopment
stages.If the project is alreadydown the pathof development,the questionis whetherthe set
of currentlyusedtools suf�ces. As developmentprogresses,new typesof supportareneeded,
developersbecomemorefamiliar with the tools, the toolsareimproved,andothertoolsbecome
available.Eachof thesemayleadto anew perspectiveonthetypeor degreeof tool supportneeded
andits availability. This will leadto a re�nementof thecurrentlist.

Shortcomingsin thecurrenttool supportcanalsobefoundby researchingexistingtools.Their
usefulnessfor aparticulardevelopmentprocesscanbeappraisedby studyingdocumentation,con-
sultingexperiencereportsandexperimentingwith evaluationcopies.Opensourcetoolsareideal
for experimenting,asthey arefreelyavailableandeasilyfound. Collaborative developmentenvi-
ronmentslikeSourceForge[OSDN,2004b]andespeciallyTigris [Collabnet,Inc.,2004]— which
focuseson opensourcesoftwareengineering– provide accessto toolsandcorrespondingproject
information[Robbins,2003]. A variety of opensourceapplications,including useful tools, are
availablevia websiteslike Freshmeat[OSDN,2004a].

As a startto identifying necessarycategoriesof tools, the list of commonlyusedtools from
Section3.4maybeuseful.Step1 is �nished whenall requiredtool supportcategorieshave been
identi�ed.

Step2. Specifytherequiredtool propertiesandtheir criticality in thetool matrix

Oncethedesiredtool supportfor thedevelopmentprocessis known, theidenti�ed categoriesmust
betranslatedinto desiredtool properties.Thesemaybein theform of desiredfeatures,but should
also include quality attributes— suchas usability, learningcurve or platform support. These
requirementsareof coursepersonal,but thena tool matrix is for personaldecisionsupport.It is
alsoimportantto notethat mosttools will have morepropertiesthanthosethat arelisted in the
matrix. Thematrixshouldhowever only containpropertiesthatarerelevantto theproject.

Thecriticality of a propertyde�nes a measureof its perceived necessity. In themodel,three
levelsof criticality arede�ned:

� H – High criticality. A propertyindicatinga highly desiredfeature. The purposeof the
modelis to �nd a setof toolsthattogetherwill supportat leastall requiredpropertieswith
thiscriticality.

� M – Mediumcriticality. A propertywith thiscriticality is desired,but toolsthatdonothave
supportfor thispropertymayalsosuf�ce.

� L – Low criticality. A propertythat candeterminethechoiceof a tool, whenno decision
canbemadebasedon thepropertieswith highercriticality.

Theselevels do not have to be so discrete. Any desiredgradingcan be chosenin a practical
implementationof themodel. For example,an integer valuebetween0 and5 canbe usedfor a
more�ne-grainedscale.
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Figure 5.1: A completelypopulatedtool matrix.

Step3. Populatetherowsof thetool matrixwith toolsandits cellswith indicationsof compliance

Whenall requiredpropertieshave beenspeci�ed, therows of thetool matrix arepopulatedwith
tools andtheir complianceto thoseproperties.The mostimportantconsiderationhereis which
toolsareselectedto be part of the matrix, andwhat this selectionis basedon. Developersmay
have experiencewith previously usedtools,andthatcanbeuseful. Theinternetcanbesearched
for tools— especiallyfor opensourcetools[OSDN,2004b,OSDN,2004a,Collabnet,Inc.,2004].
To searchfor toolsin aspeci�c category, thelist in step1 maybeuseful.

Thecellsof thematrix arepopulatedfor all thetools,by identifying thepropertiessupported
by a tool, andspecifyingits compliancein thatcell. In thispaper, wehave usedasimpleYes/ No
compliancemeasure— translatinginto blackandwhiteblocksin thediagrams— but alsoamore
scaledmeasureof compliancemay, andshould,beadopted.

Oneor morefeaturesof a tool mightbefoundthattranslateinto a desiredpropertythatis not
yet listedin thematrix. In this case,step2 needsto beexecutedagain,by addingthepropertyto
thematrix andde�ning its criticality.

Step3 is �nished whenthecomplianceof all toolsto thedesiredpropertieshasbeenidenti�ed,
andwhenno new propertiesor toolscanbe added.An exampleof a completelypopulatedtool
matrix is depictedin Figure5.1.

Step4. Analyzethetool matrix

Onceall requiredpropertiesandtoolsarelistedandtheappropriatecellsof thetool matrix have
beenpopulated,the matrix canbe usedto selectthe actualtools that could be used. Beforethe
�nal selectionof tools is made,thetool matrix mustbeanalyzedasfollows: If thereis a critical
propertythat is not coveredby a singletool, which canbe identi�ed by anemptycolumnin the
tool matrix, threecasescanbedistinguished:

1. The tools have not beenexaminedwell enough,and a propertyof a tool alreadyin the
matrix hasbeenmissed.Thepropertyis thussupportedafterall. This typeof problemcan
beavoidedby showing thematrix to experiencedtool usersandevaluatingthe toolsmore
thoroughly.

2. Maybetherearetoolsavailablethatsupporttheproperty, but noneof themarelistedin the
matrix,becausethetoolswerenotfound.Gobackto step3, try searchingagain,andinclude
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thetoolsin thematrix if found.

3. No known tool supportsfunctionality for the requiredproperty. Toolswhich maysupport
thedesiredpropertybut arenot beingconsideredfor someotherreasonshouldbeincluded
in thematrix,with theirundesirablepropertiesshowing why they havenotbeenselected.It
is importantto documentboththepositive andnegative decisions.

In thiscase,if no tool is foundto supportacritical property?Therearethreepossibilities:

3.1 Createa customtool to supportthe unsupportedproperty. The tool can either be
developedinternally, or someoneelsecanbe contractedto develop it. This decision
mustbemadebearingin mindseveralfactors,includingthecostin timeandmoney to
developandsupportthetool, andcompany motivationfor suchinvolvement.

3.2 Add thefeatureto anexistingtool. Againthiscaneitherbedoneinternallyor arequest
canbemadeto have thefeatureincludedin anext releaseof thattool.

3.3 Reassessthe importanceof the requiredproperty. This may involve decreasingthe
propertycriticality or droppingtherequiremententirely.

At thispoint, theprocesscanbecontinued.

Step5. Selecta setof tools

In this step,anoptimumsetof tools is selectedby going throughthematrix. This setshouldof
coursecoverall of thecritical properties.Thelesscritical propertiescanbeimportantto make the
decisionif all thehighly critical propertiesaresupportedin morethanonetool. Choicesamong
alternativesmay however be dictatedby personalpreferences.For example,you may preferan
integrateddevelopmentenvironment,or acollectionof smaller, moretask-orientedtools.Coming
to adecisionmayalsoforceyou to considerseveraladditionalfactors.For example:

� Are theredevelopersthathave experiencewith thetool?

� Is thetool easyto use— doesit have anintuitive graphicaluserinterface?

� How well is thetool supported— is it still maintained,is it in betastageor astableversion,
is thetool availablefor thedesiredplatformandsoon?

� How muchdoesit costto buy a licenseor usethetool?

� How dif�cult is it to learnthetool — in termsof man-hours?

� How well doesthetool integrateinto theexistingsetof tools?

It is dif�cult to imagineoneidealalgorithmto determinethe�nal choiceof toolsthatwill beused.
Thematrix providesa detailedtraceof whatis importantin thatchoice,andthesuitability of the
candidates.

Many of the previously mentionedfactorscould also be addedto the matrix, re�ning the
desiredproperties.Thescopeof whatis included(andwhatis not included)in thematrix aswell
asthedeterminingtheweightof thefactorsin the�nal decisionis up to thedecisionmakers.The
matrixgivesthemareasonedpathup to thatpoint.
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5.4 CaseStudies

In the following sections,the retrospective applicationof the model in two casestudiesis de-
scribed.The casestudyin Section5.4.1involves the tool environmentof thecomponentdevel-
opmentprocess.After introductionof the componentdevelopmenttool environment,we were
askedto introduceaversionsystemandbuild systemfor theadministrative applicationaswell. In
Section5.4.2thechoicefor thesetoolsis validatedwith thetool matrix. Bothcasestudiesgivean
indicationhow theuseof themodelexposesboththestrengthsandtheweaknessesin varioustool
choices.

5.4.1 CaseStudy I: The Components

The discussionbelow indicateshow the abstractmodel from section5.3 was appliedafter the
fact to eight different tool categoriesusedin the componentdevelopmentprocess.This is not
anexhaustive list of toolsused,but adequatelyillustratestheconstructionanduseof themodel.
Sincethecasestudyillustratestheuseof themodelata lateriterationof thesoftwareprocess,the
desiredcategory of tool supportwasalreadyknown at the time of its application.As a result,it
wasnotnecessaryto carryout the�rst steprecommendedin Section5.3.3.

Thesecondstepin Section5.3.3,specifytherequiredtool propertiesandtheir criticality, was
perhapsthemostchallengingpartof thecasestudy. Articulating whatshouldconstitutea list of
desiredpropertiesproved to be quite challengingandevoked muchdebate,the detailsof which
will notberecountedfurtherin thenarrative to follow. Theeventualsetof propertiesusedandtheir
criticality assignmentsrepresentour consensusview re�ecting our perceived prioritiesandpref-
erencesin a particularcontext. Futureapplicationsof themodelin othercontexts couldperhaps
reusesomeof theseproperties,but their appropriatenessshouldbethoroughlyre-assessed.Thus,
for example,theauthors'preferencefor opensourcetoolsshouldnot beconstruedasa universal
endorsementfor opensourcein all contexts. The widely acknowledgedpotentialhiddencosts
associatedwith opensource(especiallyin regardto limited skills) is anissuethatis orthogonalto
theapplicationof themodel,andshouldbeincorporatedasa propertyin themodelif relevant to
agivencontext.

The third stepin Section5.3.3, in which the rowsof the tool matrix are populatedand the
appropriatecellsare �lled in, wasnot too dif�cult, sincewe werewell awareof many alternative
tools for the tasksthat they hadbeenundertaking.Nevertheless,applying the stepdid involve
a numberof web searchesto discover new tools that might have becomeavailable,andalso,in
certaincases,to verify or discover whetherparticularproductshada requiredproperty. In this
regard,theversionsystemis animportantexamplewhereanew systemwasdiscoveredthatcould
replacethecurrent.

The following subsectionswalk throughthe eight different tool category sub-matrices,re-
countingsomeof theanalysis,insightsandconclusionselicitedby their construction.Thesesub-
sectionsthereforefocuson thefourthand�fth stepsof Section5.3.3.

For completeness,theinitial overall tool matrixfor theeighttool categoriesis shown in Figure
5.2. Note that the �rst nine columnsenumerategeneralpropertiesthat were consideredto be
relevant to all categories.Associatedcriticality valuesarealsospeci�ed. However, thecriticality
valuesin this �gure arenominal: in themoredetailedanalysisre�ectedin later�gures they differ
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from onetool category to the next. Also, someof the later �gures includeadditionalcategory-
speci�c propertiesthatarenot displayedin Figure5.2. It wasonly during theanalysisstepthat
theneedfor thesepropertieswasperceived.This illustratestheiterative natureof themodel's use
anddevelopment.

Compiler

As thecomponentswereto beusedin aDelphiapplication,BorlandDelphihadto beusedto com-
pile them.Thereareseveral�a vorsof Delphi,andthreeof themarelistedin thematrix in Figure
5.3. Propertiesin thematrix re�ect thecharacteristicsof thedevelopmentprocess.For example,
thedevelopmentprocessincorporatedan automatedbuild processwhich, in turn, requiredcom-
mandline accessto compilerfunctionality— hencea high criticality to thepropertyrequiringa
commandline interface.In addition,Windowswasrequiredby theapplicationdevelopers,though
Unix wasour preferredoperatingsystem.Thecriticality levels for thesepropertiesre�ect these
needs.

Entriesin the�rst threecolumnsindicatethattheonly wayto supportall threeof theseproper-
tiesis to useacombinationof thethreetoolsbeingevaluated.Thiswas,in fact,done.TheBorland
Delphi EnterpriseIDE wasusedasthemaindeveloperenvironment. To supportbuilds from the
commandline — for thebuild system— thecommandline compilerwasused.And, sincethe
componentsalsohadto bebeusablein Unix, Kylix wasusedfor thatplatform.

Documenting-and modeling tools

In orderto specifywhata componentis supposedto do,documentswerecreatedto contractually
specifytherequirementsof a componentandto illustrateits design.To this end,a documenting
systemandmodelingtool wereneeded.Thetool matrix in Figure5.4 summarizesthe important
propertiesfor thesetwo tool categoriesandlists thedocumentingsystemsandmodelingtoolsthat
wereinvestigated.

Theinitial choicefor documentingandmodelingtoolswasnotbasedonatool matrix. Instead,
it hadbeendecidedto useMicrosoftWordbothfor documentingandfor modeling.Thetoolmatrix
highlights the weaknessof this choice. For example,Word �les arestoredin a binary format,
which makes it dif�cult to automaticallymerge a documentthat is changedby more than one
developerconcurrently— depictedby theplain text input formatproperty. It wasfelt thatWord
doesnotsupplyaconvenientmechanismfor addingreferencesin adocumentandthereis nodirect
supportfor UML in Wordsothatcreatingdesignmodelsbecametediousandtime-consuming.

Our relative independence(we arelocatedremotelyfrom theapplicationdevelopers)allowed
us to choosealternative documenting-andmodelingtools to Word, which wasthe tool that the
applicationdeveloperscontinuedto use.We decidedthatUnix supportwasmoreimportantthan
having a GUI, andselectedLATEX togetherwith BibTEX asdocumentingsystem.However, the
table indicatesthat MikTEX provides all generaland documentingsystempropertiesthat have
a high criticality level, but on a Windows platform. Furthermore,it includesa graphicaluser
interface.In fact,it is aportof LATEX, BibTEX andrelatedtoolsto Windows,andwouldhavebeen
chosenif wewereobligedto work in aWindows environment.

X�g was the �rst modelingtool that was used. Subsequentlyit was decidedto changeto
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Figure 5.5: Versionsystems.

Dia. Thematrix indicatesthat text in �gures is easyto manipulateon boththeDia andMetaPost
systems.Thusit is easyto changeproperty, methodandprocedureentriesin aUML classdiagram.
However, Dia doesnot supportplain text input format and doesnot provide a commandline
interface. To this extent, the tool matrix highlightsthe fact that MetaPostshouldhave beenthe
preferredsystem.

Indeed,therewasevenagreaterincentive to switchover to theMetaPostsystem,sinceexperi-
encewith Dia showedthatit wasnotverystable.(Thissuggeststhatstabilityshouldbeconsidered
asa propertyin futureiterationsof themodelingexercise).However, thereis a built-in inertia in
changingfrom onetool to thenext. In thecaseof switchingmodelingtools,the inertia is partic-
ularly severe,becauseall existing imageshave to beconvertedto thenew system.Nevertheless
aftertacklingtheconversion,wehave now switchedto MetaPostsuccessfully.

Versionsystem

At �rst glance,the overall tool matrix in Figure5.2 might suggestthat the bestversionsystem
choiceis obvious:accordingto that�gure, Subversionprovidessupportfor mostproperties.How-
ever, the�rst stablereleaseof Subversionwasonly availableat thetimeof constructingthemodel.
No suchreleasewasavailablewhenthedecisionfor aversionsystemhadto bemade.Fortunately,
CVS alsoprovidesfor all critical properties.In addition,mostdeveloperswerealreadyfamiliar
with CVS.

SubversionandCVS do not provide a graphicaluserinterfacethemselves,but therearethird
partyGUI front-endsavailablefor bothversionsystems.Front-endsfor CVS areWinCVS on the
Windows platform andCervisiaon Unix platforms. The widespreaduseof CVS madeit stable
and secure. Maturity and stability are particularly important in a versionsystemtool. When
thesepropertiesareincludedin thematrix,asin Figure5.5,CVSemergesasthemostappropriate
choice. Nevertheless,the matrix highlights the fact that Subversionseemsvery promising; it
providessupportfor all critical andnon-criticalpropertiesand it is possibleto migratea CVS
repositoryto Subversion. For this reason,it could be consideredasa tool onceit hasreached
stability.
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Figure5.6: Install- andbuild systems.

Install- and build systems

Thematrix in Figure5.6shows why thechoiceof aninstallor deploymentsystemwasquiteeasy.
TheNullsoft Install Systemis theonly systemto implementall requiredproperties.InstallShield
Express,aproprietarytool, is alsoincludedin thematrix. It is importantto notethatthechoiceof
propertiesis mostimportant— a differentseteasilyresultsin a differentchoice. If the required
propertieswere chosendifferently, InstallShieldExpresscould have comeout as the tool that
would �t theneedsbest.

On the other hand,we had dif�culty in choosinga build system. Becausethe individual
componentdevelopmentprojectsall have moreor lessthe samesetup– they consistof several
documentsandseveralDelphi packages— thebuild systemhadto bereusablefrom onecompo-
nentdevelopmentprojectto thenext. Figure5.6depictsfour investigatedbuild systems.They all
have moreor lessthesameproperties.SinceFinal Builder is proprietary, andsinceopensource
toolswerestronglypreferred,threealternativesremain. Only GNU's automake suiteprovidesa
way of settingup a build for a genericprojectandthenreusingit by instantiatingthat setupfor
eachproject.

However, GNU automakewouldbehardto con�gure for thecomponentdevelopmentprocess,
becauseit usestheM4 macrolanguageandis designedspeci�cally for Unix software.A new set
of macro's would have to bewritten for theapplicationsusedin thebuild process.Moreover, we
werenot familiar with thelanguagein which this would have to bedone.Thematrix shows that
the simpleto con�gure propertywasdeemedto have a high criticality. As a result, the matrix
con�rms thatnoneof thesystemsarebotheasyto con�gure andallow for a con�guration that is
reusablebetweenprojects.To this extent, it wasdecidedto develop a customizedbuild system,
which is describedin detail in section6.2.1.
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Figure 5.7: Codedocumentsystems.

CodeDocumentingSystem

Thematrix depictedin Figure5.7 lists thekey featuresthatwereconsideredimportantfor a doc-
umentationgenerationsystemto beusedfor thecomponentsthatwerebeingdeveloped.Doc-o-
maticis aproprietarytool. In additionto thisdisadvantage,its interfacefor producingdocumenta-
tion is disjoint from theinterfaceswe arealreadyfamiliar with. Furthermore,thecostof learning
it alsohasto betaken into account.Doxygencouldhave beenanalternative, but for thefact that
it lackssupportfor ObjectPascal.In addition,mostof thedevelopersdid not like thegenerated
outputof Doxygen.

We hadpreviously usedJavadocto createJava API documentationin anotherproject. How-
ever, Javadocwasnotanoptionasit is designedspeci�cally for Java.

Thematrix thereforeindicatesthat no suitabletool couldbe found thatwould satisfyall the
requiredproperties,which supportstheauthors'decisionto createtheir own API documentation
generationsystem.The developmentof this API documentationsystemis describedin Section
6.2.2.Thesystemis calledappDelphiDoc,which is a replicaof Javadocthatis tailoredfor Object
Pascal.Thecostof its developmentwashigherthanthecostof buying Doc-o-matic,but thefact
thatit integratesseamlesslywith theothertoolsis consideredto beamajoradvantage.

Bug- and issue-trackingsystem

In theoverall matrix in Figure5.2 it is not clearwhich bug- andissue-trackingsystemshouldbe
chosen.All relevantsystemsin thatmatrix supportall requiredproperties,exceptfor a command
line interface,plaintext inputandscriptabilitywhichwerenotconsideredto haveahighcriticality.

In reconsideringthematterin orderto generateFigure5.8 for thebug- andissuetracker tool
matrix, extra propertieswereaddedthatdifferentiatebetweenthe tools: easyto install andmin-
imalistic. PHPBugtracker complieswith both theserequirements.We in fact originally chose
that tool preciselybecauseit waseasyto install andbecausethe necessaryserver with required
applicationswasalreadyup andrunning. Anotheradvantageof PHPBug tracker is that it is a
simplesystem.WefoundthatScarabandBugzillaweretooelaboratefor theneedsof theproject.
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Figure 5.8: Bug-andissue-tracking systems.

5.4.2 CaseStudy II: The Administrati veApplication

This sectionpresentsa second,smallercasestudyin which the modelwasusedto validatethe
choiceof tools to enhancethe developmentprocessof the enterpriseadministrative application
itself. Thetool matrixdepictedin Figure5.9wasusedto analyzethecurrentlyusedtools.

Versionsystem

TheapplicationdevelopershadbeenusingMicrosoftVisualSourceSafeasversionsystemduring
almostthe entiredevelopmentprocess.Thoughthey felt that they weremissingquite a lot of
functionality, they never really tried to introducea new versionsystem. True branching1, for
example,is notsupportedin SourceSafe.Thismeantthatbugswouldbesolvedandfeatureswould
beaddedin themain trunk of thedevelopmenttree. As a result,whenever a versionthatsolved
a bug wasreleased,new bugswould invariably be introducedinto that samerelease,becauseit
containednew inadequatelytestedfeatures.

Versiontaggingandbranchingsupportareessentialto solve this problem.With versiontag-
ging every publicly releasedversionof the productcan be marked. Using separatebranches,
whenever a bug is reportedthedevelopersareableto take the latesttaggedreleaseandsolve the
bug in a separatebranchandreleasethatversionto theclient. This way no untestedfeaturesare
included(becausethe bug is �x ed in the latestpublic releaseandnot in the main development
trunk). Thebug�x canthenbemerged2 into themaindevelopmenttrunk.

As discoveredin thepreviouslydescribedcasestudy, Subversioncoversall therequiredprop-
erties,but was not stableat the time of the investigation. The matrix indicatesthat CVS and
WinCVStogetherprovide for all thecritical properties.As aresult,it wasdecidedto switchto the
CVSsystemin combinationwith theWinCVS front-end.

1Branching,in softwarecon®gurationmanagement,is the duplicationof an objectunderrevision control in such
a way that the newly createdobject hasinitially the samecontentsas the versionbranchedoff from, and Ð more
importantlyÐ developmentcanhappenin parallelalongbothbranches.

2Merging is the processof copying the differencesaccruedto an objecton anotherbranchto backto the parent
branch(usuallycalledmaintrunk).
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Figure 5.9: Casestudy2 matrix.

Autobuild and install system

Thedevelopersdid notyethaveagenericbuild system.Everydeveloperusedto build thesoftware
within theIDE andanactualreleasewasbuilt on a separatesystemusinga custombuild system.
Therewereproblemswith that setupbecausethe con�guration of both build processes— IDE
andbuild system— differedwidely. For example,theIDE staticallylinkedthesoftware,however,
the actualreleaseversionwasdynamicallylinked. So, the problemsof dynamicallylinking the
new featuresonly cameto surfacewhentheactualversionwasdueto bereleased.As a result,the
dynamicbuild processandtheactualreleasesometimestookaslongasacompleteday.

Thetool matrix depictedin Figure5.9shows thatno tool implementsall of thecritical prop-
erties.A slightly modi�ed versionof thecomponentdevelopmentbuild systemcouldbeusedfor
theapplicationitself. Thelastcolumnof thematrixshows thatsupportfor thecustombuilt update
tool neededto beadded.Innosetupwasusedto packagetheapplicationsologically it would bea
wisechoiceto keepInnosetupandincorporateit into thebuild system.

The systemis currentlybeingusedandhassigni�cantly improved build times. The time of
build andactualreleaseis reducedfrom anaverageof 4 hoursto anaverageof 5 minutes.Because
thereis now only oneautomatedway of building the system,this implies that a releaseversion
canbebuilt by any developerwhocandoa localbuild.

5.5 Conclusion

Choosingtheright setof toolsis important.A well-chosensetof toolscancut down on develop-
mentcostssigni�cantly. Opensourcetoolsprovedto beanimportantsourcefrom whichto choose
tools. Building a customtool maywell improve thedevelopmentprocesstoo, but oneshouldbe
carefulin makingthedecisionto build a new tool internally.
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A modelto assistin choosinga setof toolswasintroduced.On thesurface,it looksjust like
commonsense,but whentheprocessof drawing up thematrix is undergone,a lot of issueswill
surfacethatwouldotherwisehavenever cometo mind. Practicalindustryexamplesweregivento
illustratetheusefulnessof theabstractmodel.

In mostcases,tool choicereliesmainlyonexperienceandgutfeel. Thesecanbeimpreciseand
misleading.Drawing up a tool matrix formalizesthereasonsfor achoice,which canbereviewed
or defended.A tool matrixcanalsohighlight reasonsfor problemsin toolsalreadybeingused.

A tool matrixcanbeappliedfor personaluse,in thesensethatit is instructive just to build up
thematrix. It canbe usedwithin a groupof developersto agreeon a setof toolsor to convince
managementto buy a tool that is needed.It canalsoshow thatanopensourcetool �ts theneeds
just aswell as— or even betterthan— someexpensive proprietarytool. The tool matrix has
many practicalpurposes;it itself is anothertool to beincludedin adeveloperstoolbox.

Interestingwork still needsto be doneto supportthe processthat is described.To make it
easierfor peoplethat are in the processof creatinga tool matrix to �ll out the requiredprop-
erties,templatetablesthat summarizerequiredpropertiesof a commontool category could be
constructed.In thesetablesno criticalities would be assignedto properties,becausecriticalities
aresubjective.

Generictool matriceslisting thepropertiesof availableopensourcetoolswouldalsobehelpful
in the processof drawing up a tool matrix. Thesetableswould needto be revisedquite often
becausetoolsareconstantlybeingextendedor changed,andnew toolsemergeon a regularbasis.

A tool to createa tool matrix couldbe helpful astherearecurrentlyno specializedtools for
this purpose.Sucha tool couldbeableto assistin makingthedecisionfor the �nal setof tools,
becausethetool matrix allows thechoicefor toolsto bedeterministic.Thepreviously mentioned
templatetablesthat summarizerequiredpropertiesof a tool category canbe presentedto a user
by the tool matrix supportapplication. Combinedwith schema's of propertiesof speci�c tool
implementations,the tool matrix supportapplicationis able to alreadynarrow down the setof
tools. The importantpart that is left to the user, is �lling out the criticalities for the required
properties,afterwhich thetool matrixsupportapplicationcanpresentthe�nal setof tools.

Theabstractmodelintroducedin thischapteris speci�cally designedto choosetoolsin asoft-
wareengineeringprocess,but couldconceivablybemoregenerallyapplicable.Thewayof making
a decision,asdescribedby themodel,couldalsobeusedin a genericapproachto documenting
thedecisionmakingprocessin otherareas.



Chapter 6

Practical Work

program: n.

1. A magicspellcastover a computerallowing it to turn onesinput into error messages.

2. An exercisein experimentalepistemology.

3. A form of art, ostensiblyintendedfor the instruction of computers,which is nevertheless
almostinevitablya failure if otherprogrammerscan't understandit.

— Entry from theJargon �le byEric S.Raymond

Thischaptergivesthedetailsof thepracticalwork. Chapter3 highlightedtheimportanceof tools
andChapter5 proposedamodelto chooseasetof tools.Thelatterchapteralsoshowedtheresults
of applyingthemodelin practicalcases.Thischapterwill describein detailthepracticalwork for
the�nal tool environment.Theprocessfrom Chapter4 wasappliedin practicalcases,which are
discussedin thischapteraswell.

6.1 Intr oduction

The�rst casestudyfrom Chapter5 appliedtheabstractmodelfor selectingsoftwaredevelopment
tools for thecomponentdevelopmentprocess.The resultingtool environmentneededtwo addi-
tional tools to be built: an API documentationtool anda customizableautomatedbuild system.
Thedetailsof theAPI documentationtool aredescribedin Section6.2.2andtheautomatedbuild
systemis describedin detail in Section6.2.1.

The proposedmodel from Chapter4 was appliedto several projects. We picked two case
studieswhich arediscussedin detail in Section6.3. The �rst casestudy, concerningthe design
andimplementationof a collectionscomponent,is themorestraightforward case.Capturingthe
requirementsprovedto benot toodif�cult, becausethedemandsfor thecomponentcouldbewell
de�ned. This caseis describedin Section6.3.1.

77
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A lessstraightforward caseis describedin Section6.3.2,wherethe processwasappliedin
the developmentof a localizationand internationalization component.The speci�cationof the
needsfor sucha componentproved not to be easy. The implementationof only a component
did not suf�ce, a supportapplicationwasnecessary. Theprocesswasappliedfor thedesignand
implementationof boththecomponentandthesupportingapplication.

Furthermore,two componentsto supportapplicationsecurity, andencryptionanddecryption
of information,aredevelopedusingthe process.Thesetwo componentsaredevelopedby two
othercolleagues,their experiencesaredescribedin Section6.3.3. The componentdevelopment
processwasfollowedtoo,for thedesignandimplementationof theAPI documentationtool.

6.2 Tool Envir onment

Figures5.6 and5.7 illustratethe needsfor the automatedbuild systemandAPI documentation
tool respectively. Both �gures wereusedto concludethatthechoiceto build customtoolsin these
caseswasright. Thissectionwill describethetool environmentandthepracticalwork concerning
theconstructionof theautomatedbuild systemandtheAPI documentationsystem.

Using the abstractmodelappliedto the componentcasestudy, the selectionof tools for the
tool environmentcanbe readfrom the diagrams.InterpretingFigures5.3 to 5.8, the following
toolsconstitutethecurrenttool environment:

� CVS

� Customautomatedbuild system

� LATEX

� BibTEX

� MetaPost

� Delphi IDE

� Delphicommandline compiler

� CustomAPI documentationtool

� NSIS

� PHPBugtracker

Fromthesame�gures, theimportantrequirementscanberead,for bothcustommake tools. In an
idealsituation,thecustommadetool shouldsupportall of thecritical andnon-criticalproperties
for thetool category it belongsto.

Oneextra tool category needsto beaddedto the tool environmentwhich is not discussedin
Chapter5: a releasepublicationsystem.A releasepublicationsystemprovidesthemeansto make
areleaseof aproductavailableto theend-users.Examplesare:anFTPserver, publicly accessible
CVS repository, anda website.Thelatterexampleis usedfor thecomponents;a websiteserved
by ApacheandPHPprovideslinks to downloadcomponentinstallerpackages.This is relevantfor
theautomatedbuild systemto supportdeployment.
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6.2.1 AutomatedBuild System

Figure5.6 shows thatGNU make alreadysupportsall critical andnon-criticalproperties,except
a project's con�gurationwill not bereusablebetweenprojects.All theMake�les for oneproject
needtobeadoptedfor another— atediousjob takingalot of timeandeffort. However, GNU make
maybeusedif thereis someadditionaltool thatsimpli�es Make�le administration.UsingGNU
makeis preferred,becauseby usingit, a lot of requirementsfor theautomatedbuild systemarefor
free.A tool cansimplify building Make�les by requiringonly theinput thatdifferentiatesbetween
projectsandautomaticallybuilding theMake�les, whichis themainfacility of theautomatedbuild
system.

Thecommandline interfaceof atool is theeasiestwayto communicatefrom within Make�les.
Will theAPI documentationtool haveacommandline interface,thenall but theDelphi IDE, PHP
Bugtracker andthewebsite(wherethecomponentsaredeployed)aretoolswith suchacommand
line interface.InterfacingtheIDE or thebugtracker is not highly important,however, thewebsite
mustbeupdatedby theautomatedbuild systemto supportautomateddeployment. This problem
is solved by communicatingwith include�les that arereadby PHPto processthe links to the
packages.

The custommadepartsof the autobuild systemprovide the Make�le con�guring layer and
deploymentsupport.It wasdecidedthatascriptinglanguagewouldbemostuseful,andasdevel-
operexperiencewith Perlwasavailable,Perlwaschosento implementtheautobuild system.Two
scriptswerewritten:

� Con�gur e – A script that readsa set of project con�guration �les and createsa set of
Make�les to build theproject.

� Release– A script that readsthe projectcon�guration �les anddeploys the �les that are
constructedby building theproject.

Thevariablesthatmake a projectuniquearestoredin theproject's con�guration �les. A project
hasa top level con�guration �le identifying anddescribingthe project,a con�guration �le for
eachdocument,andacon�guration�le for thesourcecode.Thecon�guration�les for documents
andsourcecodecontainrevision numbers,the�les thatmustbebuild, requiredcomponents,and
soon.

After writing thecon�guration�les, adevelopercangeneratethenecessaryMake�les to build
(a part of) the project. First, Con�gure will checkif the programsthat areneededto build the
softwarearepresenton the system. It will warn or err, whenthe appropriateexecutablescould
not befound. Whenthetargetshave beensuccessfullybuilt, they maybedeployed. TheRelease
scriptis written to facilitatedeploying (a partof) a project.After checkingwhetherthedeveloper
increasedtheversionnumberandappliedtheappropriatetagsto theCVSrepositorythescriptwill
uploadthenecessary�les to thewebserver andmodify thewebpagesby replacingseveralinclude
�les.

Comparedto thesituationbeforetheautomatedbuild systemwasintroduced,build timeshave
signi�cantly improved.Table6.1illustratesthemeanbuild timesof severalpartsof threedifferent
componentsbeforeand after the introductionof the automatedbuild system. The build times
aremeasuredon an AMD Athlon XP 3000+systemwith 1Gbof memory. The time neededfor
building a documenthasnot decreasedmuch,becausetheactionsneededto build a documentby
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Before After

URD 0m33s 0m09s

SSD/ SDD 1m10s 0m29s

All documents 1m55s 0m39s

Sourcecode(oneDelphiversion) 0m48s 0m01s

Sourcecode(all Delphi versions) 2m04s 0m01s

API documentation 0m33s 0m01s

Installerpackage 3m16s 0m03s

Documentdeployment 5m19s 0m11s

Packagedeployment 12m37s 0m18s

Table6.1: Meanbuild timesbefore andafter introductionof automatedbuild system.

hand,arenotmuchmorecomplicatedthanbuilding it with theautomatedbuild system.Whenall
documentsor all sourcecodeversionsarebuild, alreadya signi�cant decreaseof build timescan
beobserved.Themostsigni�cant decreaseof build timeis achievedin thecaseof apackagebuild
anddeployment.

Becausethecomponentsshouldbereleasedearlyandoften,thesigni�cant decreasein package
build anddeploy time is an importantadvantage.Beforethe introductionof theautomatedbuild
system,a releaseof a new versionwassometimespostponedbecausebuilding anddeploying the
packagetook too muchtime. Currently, whatever the reasonto releasea new version— even
whenonly aspellingerrorin theAPI documentationis �x ed,for example— anew versioncanbe
quickly andeasilyreleased.Besidesthedecreasein build timestheautomatedbuild systemhas
othermajoradvantages:

� Theprobabilityof makingmistakesis muchlower usinganautomatedsystem.Obviously,
whena personneedsto typein only onecommandinsteadof ten,it is lesslikely thatheor
shemakesamistake.

� Thepossibilityto incorporatechecksinto thesystem.To preventdevelopersfrom neglecting
prescribedactions,the systemmay halt andinstructthe developerwhich actionsmustbe
takenbeforetheoperationcanbecontinued.

� No interactionis requiredwith thedeveloper. Thesystemcanberunwithoutsupervision.

� Theautomatedbuild systemis notdesignedfor aspeci�c operatingsystem.It only depends
on having speci�c toolsinstalled.

Therearealsosomedisadvantages.Sometimesit canbemorecomplicated�nding anerror, be-
causean extra layer — the automatedbuild system— is added.Also, if additionalactionsare
neededto build or releasea project, the automatedbuild systemhasto be adapted.The major
disadvantageis certainlythecostof developingtheautobuild system.Thenumberof man-hours
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neededto build theautomatedbuild andreleasesystemis roughly150.Thecostsseemhigh,how-
ever they arerecoveredeasilywithin a year. Saythenew systemsavesapproximately15 minutes
perdeveloperperday. With four developers,theresultis onehoursavedeachday. After 150days
theman-hoursspenton thesystemarepaidback.

Overall, theadvantagesof theautomatedbuild systemoutweighthedisadvantages.Themost
importantpropertiesof theautobuild systemareto assistin preventing,detecting,andlocalizing
errors. The automatedbuild systemis an examplethat re�ects the importanceof tools,andthe
importanceof choosingtheright setof toolsdescribed,in Chapters3 and5.

6.2.2 API DocumentationTool

The context of the softwarecomponentsimposesthe needfor a clearly de�ned interface. The
functionalityof eachclass,andits propertiesandmethodsshouldbeclearlydescribedandmade
publicly accessibleto the end-users.The popularterm for this is API documentation. The API
documentationof a pieceof softwareis the usermanualfor the developersthat want to usethe
software. Many moderntoolsallow developersto write API documentationin their sourcecode
usingspecialcommentstyle. This avoids duplication— of speci�cationof types,classesprop-
ertiesandmethods— andwhile readingandwriting sourcecode,its explanationis at handas
well.

A very populartool for managingAPI documentationis Javadoc. The authorsalreadyused
Javadocfor previousprojectsandlikedtheresult.UnfortunatelyJavadocworkswith Java source
codeonly, andwestartedto look for asimilartool thatcouldbeusedfor Delphi. Theonly suitable
tool we foundwasDoc-o-matic.UnfortunatelyDoc-o-maticis a proprietarytool andbuying the
latestversionfor four developerswouldcost$1680,-.

Besidestheprice,thedecisive factorwasthat integratingthecodedocumentingtool into the
processandbuild systemwould bemucheasierwhenthetool is customdeveloped.Building the
customizedAPI documentationtool allows speci�cally tailoredoutputs— a paperdocumentin
exactly thesamestyleastheotherprojectdocumentsfor example. Theautomatedbuild system
canbe tunedto the inputs and outputsof the tool and vice versa. The tool can comply more
speci�cally with specialwishesof thedevelopers.Theseareall advantagesof a betterintegrated
customizedcodedocumentingsystem.Figure5.7 from thecasestudydescribedin Section5.4.1,
depictstheseargumentsin theform of a tool matrix.

The processfrom Chapter4 prescribeswriting a documentthat describescodingstandards.
Suchdocumentwas alreadywritten, and beforethe developmentof the tool was started,this
documentneededto be modi�ed. The rulesfor thespecialformattedcodecomment,calleddoc
comment, wereincludedin theCodingStandardsDocument(CSD)[Zwartjes,2002].Thenotation
from Javadocwasusedasa sourceof inspiration. Simultaneously, a URD waswritten for the
new project,calledappDelphiDoc1 [Zwartjes,2003]. The tool's designis describedin its SDD
[Zwartjes,2004]. The designis straightforward: a lexicographicalscanner, usedby an object
pascalparser— extendedto readdoc comment— that producesa parsetree(in memory). A
visitor, traversingtheparsetree,generatesthedocumentation.Thevisitor's typedeterminesthe
typeof documentationthatis written: Hypertext MarkupLanguage(HTML), LATEX, or Extensible

1A company standardprescribestheprojectnameof anapplicationmustbepre®xedwith app, aswell astheproject
nameof a componentshouldbepre®xedwith doc.
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docSet 2 4,781 2,266 601 1,914 34.4% 26 87 11.3

docTLUM 2 10,827 7,194 1,281 2,352 21.7% 43 167 6.1

appTranslator 1 16,473 9,413 2,018 5,042 30.6% 34 277 3.6

appDelphiDoc 1 12,022 7,278 1,582 3,162 26.3% 19 383 2.6

vizLicense 1 8,183 4,361 1,011 2,811 34.4% 23 190 5.3

Table6.2: An overview of thestatisticsof theprojectsusedin thecasestudies.

MarkupLanguage(XML). Detailedstatisticalinformationaboutthisprojectcanbefoundin Table
6.2.

Thetool hasbeenbuilt andintegratedinto theautomatedbuild systemsuccessfully. Currently
only HTML outputis supported.Roughly300 man-hourshave beenspentto document,design
andimplementthe tool. Theanalysisfrom theautomatedbuild systemcannotbeappliedin this
case;therecovery of man-hoursis not a trivial calculation.Thecostof buying a tool is saved,as
well asthe costof learningto usethat tool. The positive andnegative effectsof that othertool
however remainunknown. In this case,developinga customtool seemsfruitful. The amount
of man-hoursis acceptablecomparedto the cost of buying a third party tool. But, as already
mentionedin Chapter5, thenecessarycautionis in orderwhenthedecisionof building a custom
tool is to bemade.

6.3 CaseStudies

Thissectiondescribesthreecasestudiesto illustratetheresultsof applyingtheprocessfrom Chap-
ter4. Thecasestudiescomprisethedevelopmentof severalcomponentsandanapplication.Each
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Metric Value

Number of projects 9

Number of developers 4

Total linesof code 76,283

Lines of sourcecode 44,164

Blank lines 9,189

Lines of comment 22,930

Percentageof comment 30%

Table6.3: Anoverview of thestatisticsof all projects.

casestudyis presentedin its own subsection.Table6.2summarizesthestatisticsfor theselection
of projectsthatserve asa casestudyin this chapter. Thepreviously discussedappDelphiDoctool
is includedin this tableaswell, to giveanindicationof thesizeof thatproject.

Thecomponentprojectsdescribedin the �rst two casestudieswerestartedalreadyin 2002,
usingtheESA softwareengineeringstandard.Both projectswererestarteda yearlater to try out
the new process.This restartprovided dataon cost in man-hours,that will be presentedin the
following sections.In addition,thebene�ts anddrawbacksof applyingthenew processin these
two casestudiesarediscussed.

The third casestudydescribesthe developmentof securitycomponents.Thesecomponents
weredesignedandimplementedby two otheremployees.Thecasestudysummarizesinterviews
with theemployeesandshows theman-hoursthey spent.

An overview of thestatisticsof theoverall setof projects,(includinga total numberof eight
projects)is presentedin Table6.3. Theprojectsaredevelopedby anddividedamongstfour em-
ployees,including the two authors. Table6.2 indicatesthe numberof developersthat worked
on the sourcecodeof a project. All four employeesareTU/e students,andwerehired because
they areableto work independentandbecausethey arecreative and�e xible. Chapter4 already
discussedthetypeof employeesthatareaprerequisitefor amorelightweightprocess.

ConsideringTable6.3,it is alsopossibleto regardall softwarecomponentsto beonecombined
projectwith a teamof four developers. Within this singleproject, eachemployee hasits own
responsibilitiesfor a speci�c part of this project. It canbe interestingto view all projectsasa
singlelargeprojectaswell, however, it is notdiscussedin moredetailin thisdissertation.

6.3.1 CaseStudy I: Collections

Thissectionoutlinesthedevelopmentof acomponentthatimplementscollections,the�rst row in
Table6.2.A realobject-orientedapproachto collectionsis not includedin thestandardlibrariesof
Delphi 5, 6 or 7. Collectionsareessentialin othercomponentsandapplications,andtheneedfor
a well designedobject-orientedandextensibleimplementationwashigh. A projectcalleddocSet
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wasstartedto ful�ll this need.Thespeci�c lifetime managementrequirements,andthespeci�c
requirementsfor usingthecomponentin the internationalizationcomponent,wereof overriding
importanceto customdevelopacollectionscomponent.

Originally, before the introductionof the componentdevelopmentprocess,we startedthe
projectby creatingthemanagementdocumentation,asprescribedby theESA softwareengineer-
ing standard.This setof documentsconsistsof a SoftwareProjectManagementPlan(SPMP),a
SoftwareCon�gurationManagementPlan(SCMP),a SoftwareQuality AssurancePlan(SQAP),
anda SoftwareVeri�cation andValidationPlan (SVVP). Concurrently, while the management
documentswerewritten,wearrangedameetingwith thecustomerto discussaboutthefunctional
detailsof the component.The requirementsfor the componentturnedout to be straightforward
andonly two meetingswerenecessaryto gatherall requirements.The requirementswerewrit-
ten down in the URD. The following list summarizesthe typesof collectionssupportedby the
component,re�ectedby therequirementsfrom theURD:

� Bag– A collectionwithoutany restriction.Theitemsin abagareunordered.

� Ordered Bag – Orderedvariantof abag.Theordershouldbede�ned by thedeveloper.

� Set– A mathematicalset:a collectionthatmaynot containduplicateitems.Thecontentis
unordered.

� Ordered Set– An orderedversionof themathematicalset. Thedevelopershouldbeable
to specifytheorderinghimself.

� List – A collectionthatpreservestheorderin whichtheitemsareadded.A list maycontain
duplicates.

� Stack– A LastIn FirstOut (LIFO) stack.Itemsareaddedontopof thestack,andretrieved
from thetopof thestack.

� Queue– A First In First Out (FIFO) stack. Itemsareaddedto the endof the queue,and
retrievedfrom theheadof thequeue.

� Treeset– A single-rootedtree. The itemsareaddedto the root of the treeor to a branch
originatingfrom theroot. Thetreesetprovidesdifferentsearchmechanisms:depth-�rstand
breadth-�rst.Thetreesetstructurewasaddedin a laterstageof theproject.

After theURD wasapprovedby thecustomer, we startedworkingon theSRD,ADD, andconse-
quentlytheDDD. Thenumberof man-hoursspentperdocumentaredetailedin Table6.4.

By experiment,thesourcecodewaswrittenby anexternaldevelopmentteamof studentsfrom
the university in Sophia,Bulgaria. All designdocumentsweresentto the developmentteam,
andtheir assignmentwasto implementthedesigndescribedin thedocuments.Every weektheir
sourcecodewassentin andthoroughlyreviewed. Theresultingreview reportsweresentbackto
thedevelopmentteamin Bulgaria. Despitethedetaileddocumentation,it took thedevelopment
teama lot of man-hoursto implementthe componentand it took a lot of man-hoursto review
thesourcecode,andwrite review reports.Thelimitationsof emailanda foreignlanguagemade
communicatingwith thedevelopmentteamdif�cult andtroublesome.In theend,theresultswere
verydisappointing— thesourcecodewasof poorquality. Thenumberof man-hoursspentonthe
sourcecodecanbefoundin Table6.4 too.

Theprojectwasrestartedby applyingthenew process.TheURD wasslightly rewritten, the
SRDandADD werecombinedinto a singleSDD,andtheDDD waseliminated,andreplacedby
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Planned Actual

Managementdocuments 18 16

URD 20 12

SRD 18 18

ADD 20 19

DDD 18 20

Code 150 215

Total 244 300

Table6.4: Man-hours spenton thecollectioncomponentbefore applyingthenew process.

Actual

URD 12

SDD 14

Code 80

Maintenance 40

Total 146

Table6.5: Man-hours spenton thecollectioncomponentafterapplyingthenew process.

writing API documentation.Thecompletesourcecodewasrewritten and�nally thecodecould
bereleasedto thecustomer. Table6.5shows theman-hoursaftertheprojectrestart.

Thenumberof man-hoursspenton theURD aftertheprojectrestartis skewed.Actually only
two man-hourswereneededto rewrite the URD. The numberis corrected,however, by adding
theman-hoursspenton meetingsandcapturingtherequirementsbeforetheprojectwasrestarted.
As a result,the tablesindicateno improvement.The importanceof a URD is recognizedby the
new process,which explainsthesamenumberof man-hoursspenton theURD. No management
documentsneedto bewrittenanymore,whichsavesapproximately16 man-hours.

A signi�cant decreasein man-hoursis achievedby replacingthesoftwarerequirementsphase,
architecturaldesignphase,anddetaileddesignphase,by thenew designphase.Insteadof writing
threedocuments,only onedocument— theSDD [ZwartjesandGeffen,2004]— is written. The
numberof man-hoursspenton theSDD is distortedaswell, becausethecontentis basedon the
SRDandADD, writtenbeforetherestart.

Implementingthe designtook lesstime after the projectwas restartedas well — 80 man-
hourscomparedto 215 man-hours;a decreaseof morethan50%. The differencein man-hours
canbeexplainedby codereuse,but mostof thesourcecodehasbeencompletelyrewritten. The
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exorbitantnumberof man-hoursmostprobablymustbeattributedto unskilleddevelopersor their
lack of understandingof thedesign.However, thereareno cleargroundsto attribute thedecrease
of implementationcostto thenew process.

6.3.2 CaseStudy II: Inter nationalization

Initially theadministrative application— themainproduct,whereinthesoftwarecomponentsare
used— was targetedto be sold in the Netherlandsonly. Intersoft wantsto expandits market
for its systemto foreign countries,but the producthasa Dutch user interface. The software
mustbe internationalized.Unfortunately, Delphi's built-in internationalization and localization
functionalitylackssomeimportantfeatures.For example,it is not possibleto useonetranslation
of a sentencefor all occurrencesin the userinterfaceof the application:the samesentencethat
occursmore than once,hasto be translatedmultiple times. Section4.6 alreadydescribedthe
pitfalls of duplication.

Themainproblemof internationalizingtheadministrative applicationwasthefacttheapplica-
tion hadbeendeveloped— in Dutch— for alongtime. Commoninternationalization librariesare
basedon incorporatingmultilingual facilitiesfrom thestartof aproject.Thiswasthedecisive fac-
tor to customdeveloptheinternationalization andlocalizationcomponent.Therefore,theauthors
wereaskedto solve this problemby developingsoftwareto managetheprocessof translatingthe
application.

We choseto split theprojectinto a componentto internationalizeandlocalizetheapplication
anda supportapplicationfor managingthetranslationsandlocalespeci�c information.Table6.2
includesstatisticalinformationaboutthe two projects. The developmentof the componentand
applicationwill beelaboratedin thefollowing sections.

Upfront, a lot of requirementsfor both the internationalization componentandsupportap-
plication wereunstableand not that well known. Becauseof the small and iterative cycles in
the constructionphase,new requirementsandmaintenanceandperformanceproblemssurfaced
immediatelyin theconstructionphase.The adaptivity andagility of the customizedcomponent
developmentprocessmadeit possibleto easilyanticipateon this changingenvironment,andsat-
isfy thecustomer's wishes.In addition,thesupportingtools,andespeciallytheautomatedbuild
andreleasesystemthat is describedin Section6.2.1,proved their valueto supporttheagility of
theprocess.A new versionof thecomponentor applicationcouldbemadereadilyavailableto the
customerwith theautomatedbuild andreleasesystem.

Component

Theinternationalizationandlocalizationcomponentis dividedinto threesubcomponents:

� Inter nationalization and localization – Componentthatprovidesa mechanismto look up
sentencesin a speci�c languageandfunctionalityto localizeanapplication.

� Logging – Componentto log certainmessagesto a �le.

� Usermessaging– Componentthatprovidesamechanismfor informing theuser.

Thecomponentis calleddocTLUM, which is shortfor docTranslateLogUserMessaging. The
componentusesspecialinput �les: a translationdatabasefor thesentencesandtranslations,and
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Planned Actual

Managementdocuments 16 14

URD 45 25

SRD 25 5

ADD 40 -

DDD 20 -

Code 250 -

Total 376 44

Table6.6: Man-hours spenton the internationalization componentbefore the introductionof the
new process.

a region databasefor locale information. The supportapplicationthat is describedin the next
sectioncanbeusedto managethecontentsof these�les. Thebig advantageover thetranslation
mechanismprovided by Delphi is that eachsentencehasto be translatedonce: multiple occur-
rencesof the samesentencearesubstitutedby the sametranslation. This decreasestranslation
costs,becauseusuallya �x edamountof money pertranslatedwordhasto bepaid.

After the documentationof the collectionscomponentwas �nished, the userrequirements
phaseof this componentstarted.While thedevelopmentteamin Sophiawaswriting thecodefor
projectdocSet,thedocumentsfor the internationalization componentcouldbewritten. The full
ESA standardwasappliedfor the internationalizationcomponent.The documentswerewritten
with theintentionto havethedevelopmentteamin Sophiaimplementthiscomponentaswell, after
they �nished thecollectionscomponent.

Table6.6summarizestheamountof man-hoursplannedandtheman-hoursthatwereactually
spentup to the software requirementsphase.The developmentprocesswas interruptedin this
phase.The�asco with thedevelopmentteamin Sophiadeliveringpoorquality sourcecode,and
thethoughtsaboutlighteningthesoftwareengineeringprocess,werethecauseto interruptwork
onprojectdocTLUM. Theresultscanbefoundin Chapter4.

Theprojectwasrestartedto applythenew process.Table6.7shows theman-hoursthatwere
spentafterapplyingthenew process.TheURD wasalreadyexternallyacceptedby thecustomer.
To correctthe distortednumberof hoursfor the URD, the man-hoursspenton interviews and
capturingrequirementsareaddedto thenumberof man-hoursspentconvertingtheURD [Geffen
andZwartjes,2003b].Becausethis is a morecomplex project,anSSDwaswritten insteadof an
SDD. Approximately40 man-hourshave beenspenton the SSD[Geffen andZwartjes,2003a],
which is lessthan the estimatedhoursfor the SRD andADD together— 65 man-hours.The
estimatesfor the SRD andADD of the collectionscomponentturnedout to be quite accurate.
Assumingthat the original estimatesfor this projectwereaccurateaswell, thenumberof man-
hoursis decreasedby approximately30%in thiscase.
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Actual

URD 27

SSD 40

Code 240

Maintenance 60

Total 367

Table6.7: Man-hours spentontheinternationalization componentafterprojectrestartandapply-
ing thenew componentdevelopmentprocess.

The30%improvementmaynotbeanimprovementif theman-hourssavedin thisstageof the
projectarespentin a later stage.For examplea lackingdesign.However, theactualhoursthat
have beenspenton coding— 240man-hours— arecloseto numberof 250man-hoursestimated
in the�rst planningof theproject.Secondly, thedesignwasunchangedandprovedto besuf�cient
while it wasimplemented.

Another60 man-hourshave beenspenton maintenanceso far. This is likely to increasebe-
causethecomponentis being�x ed,improvedandextended.About25%of themaintenancehours
were spenton bug�x es and the remaining75% were spentaddingnew featuresthat were not
originally capturedin theURD.

For the component,the customizeddevelopmentprocesswasparticularlyusefulbecausein
theconstructionphase,severalnew requirementswereneeded.While thecomponentwasimple-
mented,it wastestedon a scale,that turnedout to be too small. The large numberof sentences
becameunmanageable.To thisend,thecustomerwantedto have statussupportfor sentences,the
ability to divide sentencesinto multiple translationdatabases,andto extendthe informationthat
is loggedby the component.The adaptivity of the new processmadeit possibleto solve these
problemsimmediatelyandquickly.

Support application

An application,calledappTranslator, is developedto improvethemaintainabilityof thetranslation
andregion (locale)database— theinput for theinternationalization andlocalizationcomponent.
Theapplicationmainlyconsistsof two editors:aneditorfor a translationdatabaseandfor aregion
database.Besidestheseeditors,theapplicationcontainsadditionalfunctionsto simplify working
with thetwo databases.For example:

� Addingsupportfor new languagesto a translationdatabase.

� Import missingsentencesfrom a log �le that is generatedby the internationalizationcom-
ponent(it is possibleto enablethecomponentto log all sentencesthatcouldnot belocated
in thetranslationdatabase).

� Merge two translationdatabases,either to combinetwo supportedlanguagesor to merge
translations.
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Actual

URD 30

Prototype 10

SDD 40

Code 250

Maintenance 100

Total 430

Table6.8: Man-hours spenton thesupportapplicationfor theinternationalization component.

� Functionalityto convert a translationdatabaseto aCommaSeparatedValues(CSV) �le and
viceversa.This is usefulto edit a translationdatabasewith anexternalapplication.

� Functionalityto import sentencesfrom a StructuredQueryLanguage(SQL) databaseor to
translatethecontentsof aSQLdatabaseinto anotherlanguage.

� Preview adate,time,currency or numberaccordingto thelocaleinformationfrom aregion
database.

Table6.8 gives an indicationof the hoursspenton the supportapplicationfor the internation-
alizationcomponent.The processdescribedin Chapter4 wasappliedto this project too. The
explorationphasetook 40 hours— 30 hoursfor writing theURD [Geffen,2003]andanextra 10
hoursfor creatingtheprototype. In caseof an applicationit is worth the effort to prototypethe
userinterface.This mayhelpboththecustomeranddeveloperto bettervisualizetheapplication
andmayleadto de�ning new or correctingrequirements,seeChapter4.

The explorationphasefor this applicationtook moreman-hoursthanfor the the collections
andinternationalization component.Gatheringtherequirementsfor thisapplicationwaslesseasy.
Neitherthecustomernor thedeveloperhadin mind exactly therequirementsfor theapplication
beforehand.Several meetingsand interviews were necessarybeforeall requirementshad sur-
faced.An SDD [Geffen, 2004]waswritten for this projectandthedesignphasewas�nished in
approximately40hours.

Two factorscausedan increasein thenumberof man-hoursspentin theconstructionphase.
The grid componentthat wasusedto visualizethe translationdatabasewasfound to lack some
featuresatsomepoint. It wasdecidedto substitutethegrid componentwith amoreadvancedpro-
prietarythird-partygrid, thatimplementsthelackingfeatures.It tookapproximately40additional
man-hoursto incorporatetheadvancedgrid. However, ananalysisshowedthatimplementingthe
lackingfeaturesin theoriginal grid would have takenevenmoretime. Secondly, theprojectwas
the leaddeveloper's �rst independentlydevelopedapplication.He alreadyimplementedpartsof
thecomponents,someadditionaltime wasneededto familiarizewith thedetailsof implementing
a standaloneapplication.Thehigh numberof man-hoursin themaintenancephasearecausedby
new majorrequirements,thattookasigni�cant amountof man-hoursto implement.
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Actual

URD 10

SDD 15

Code 80

Maintenance 40

Total 145

Table6.9: Man-hours spenton theapplicationsecuritycomponent.

ApplicationappTranslatorwastestedon asmallscale:theapplicationitself servedasits own
testcase.This led to performanceissueswhenthetranslationdatabasefor Intercleanwascreated.
In comparisonwith the translationdatabaseof appTranslator, Interclean's translationdatabase
containsabout�fteen timesmoresentencesandsupportssix more languages.Maintenanceof
the translationdatabaseturnedout to be dif�cult becauseof the sizeof the translationdatabase.
BecauseappTranslatorwastestedby theIntercleandevelopersimmediatelywhentherewasa �rst
working versionof the applicationavailable, the performanceproblemsweredetectedearly in
the developmentof appTranslator. This allowed us to slightly redesignandrefactorthe codeto
improve performancefor large translationdatabases,andusethe new designto implementthe
remainingrequirements.

6.3.3 CaseStudy III: Security

To includeexperiencesof two otheremployeeswith theprocessfrom Chapter4, athird casestudy
wasconducted,which is aboutsecurity. To protectend-usersfrom violating their licenses,rules
for userrightsareembeddedinto anapplication.To enhancethatpartof theapplication,andto
make userrights andlicensingmoremaintainable,several componentsarebuild to abstractand
encapsulatesecurityandlicensingof anapplication.Two componentswill behighlightedin this
section: vizLicense2 anddocEncrypt. ProjectvizLicenseimplementslicensingandapplication
security, anddocEncryptimplementsencryptionanddecryptionof data.Thelastrow in Table6.2
lists projectvizLicense.No informationis includedin that tableaboutdocEncryptasthesource
codeis not yet �nished at thetimeof writing.

Licensingand user rights

To implementsecurityin an application,the visual userinterfacecomponentsneedsupportfor
applicationsecurity. ThevizLicensecomponentis anextra layer, thatcanbeusedin conjunction
with a previously developedcomponentfor applicationsecurity. It addsthenecessarysupportto
visual itemsof theuserinterface. Theman-hoursspentin theprojectcanbe found in table6.9.
Thedeveloperresponsiblefor this project,WouterBijlsma, alsodevelopedtheprevious layer—

2Componentswith a visualinterfacearepre®xedwith viz insteadof doc.
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implementingthecoreapplicationsecurityconcepts.He tried out theprocessfrom Chapter4, on
bothprojects,andwe interviewedBijlsmato �nd outwhathethinksof theprocess.

BeforeI startedwith thedesignof the docLicenseandvizLicensecomponentsI al-
readyhadsomeexperienceapplyinga morerigorousdesignprocessto thedevelop-
mentof medium-sizedsoftwareprojects.Thisexperienceresultedfrom aninternship
andtwo softwareengineeringprojects,onein the role of a projectmemberandthe
other in the role of projectmanager. This experienceservesvery well for compar-
ison with the agile developmentprocessappliedto vizLicenseand, in lessdegree,
docLicense3.

ThedocLicensecomponentwasthe�rst componentI designed[in my new job], and
I startedoff usinga developmentmodel that wasstill quite rigorous. [The process
from Chapter4 wasunderdevelopmentat the time. Bijlsma usedan intermediate
versionfor his project.] This turnedout not to be completelyoverdonebecausethe
componentis quitecomplex andhasa lot of independentuserrequirementsthatcan
behardto explain to otherdevelopers,but duringthedesignprocessI learnedthata
few thingscouldbedonemoreef�ciently. For docLicenseI wrotea full-�edged SSD
(asopposedto anSDD),andI wouldprobablydothesamenow becauseof theextent
andcomplexity of thecomponent.However, someaspectsof theoriginal SSDserve
no critical purpose,speci�cally theclassinterfaceandpropertytables.TheAPI docs
thataregeneratedfrom thecodeusingtheAPI documentationtoolarefarmoreuseful,
containa lot moreinformationthat is automaticallyextractedfrom the structureof
thecode,andaremuchmoremaintainablethantheSSDinterfacedescriptions.Best
of all, the generatedAPI docscanactuallybe usedduring the developmentof new
software that is using the components,becausethey can be viewed and navigated
on-line.Paperdocumentsarenotconvenientwhenyouareprogramming.

After the docLicensecomponentwas �nished I startedthe vizLicensecomponent.
For this componenttheagiledevelopmentmodelwasusedexclusively. This resulted
in a very swift completionof theURD andSDD, without sacri�cing their usability.
ThevizLicensecomponentis quitesimplein termsof its functionalityanddesignso
everythingthat doesnot contribute to the �nal codedesignor the descriptionof its
functionalitywouldbeoverdoing.TheURD andSDDbothtookunder15manhours,
wherethe docLicenseURD andSSDtook 25 and32, respectively. In comparison,
writing anURD, SSD,ADD andDDD, asprescribedby the(rigorous)ESAsoftware
engineeringstandardusedfor previous projectsI took part in took around250 man
hoursfor documentationalone.I do nothave theimpressionthattheextra time spent
addsto thequalityof the�nal softwareproduct.In fact,it appearsto methattheextra
timeavailablefor implementationissuesonly improvesthequalityof thecode.

Summarizing,my experiencewith rigorousand agile designprocessesis that the
addedoverheadof documentingeverything to the �nest detail doesnot add to the
quality of the �nal softwareproduct.This doesnot meanthatdocumentingtheuser
requirementsanddesignof yoursoftwareis useless.It is indispensable.However, by
usingthe right tools thatcansubstitutedesigndocumentationthatotherwiseshould

3Thenameof theprojectto developthecomponentthatimplementsthecorefunctionalityfor applicationsecurity
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Actual

URD 25

SDD 32

Code 39

Maintenance 0

Total 96

Table6.10: Man-hours spenton thesecuritycomponent.

have beenwritten by hand,andby strippingout everythingthat doesnot addto the
understandingof thecomponent,its design,or the functionality it shouldprovide, a
lot of timecanbesaved.Thesavedtimecanthenbereallocatedto improvethequality
of the�nal softwarecomponent.

Encryption and decryption

To protectsensitive informationin anapplication— suchaspasswords,amountsof money, and
soon — from gettingpublicly available,anencryptionanddecryptioncomponentis needed.The
projectto build that componentis assignedto a newly hired employee,ashis �rst project. The
man-hourshespenton theURD andSDD aredepictedin Table6.10.Thecomponentis currently
beingimplemented,hencethenumberof man-hoursspentto codein Table6.10is not �nal.

Thenumberof hoursspenton thedocumentsis slightly higherthanin thepreviousdiscussed
projects.Most probablythis increasecanbe attributedto the fact that thedeveloperis new, and
that it is his �rst project.We alsointerviewed theresponsibledeveloper, Rick vanBijnen, to �nd
outhisexperiencesworkingwith theprocessfor the�rst time. A summary:

Thisis my �rst project,andthereforemy only experiencewith the[component]devel-
opmentmethods.Because[the project] is not even �nished, I haven't beenthrough
the entireprocedure.My experienceis thereforelimited to the explorationphase,
designphaseandconstructionphase.

Explorationphase:This phaseis completed.Basicallyit boils down to constructing
theURD. I �nd theURD a very usefuldocument,it clearlyoutlinesthegoalsof the
project. It also forcedme to do properresearchon encryptionand its possibilities
beforestartingon the designand implementationwork. The other teammembers
did not do this research,but I think this shouldbe an obligation. This would avoid
discussionsaboutrequirementsthatturnout to beamisunderstandingof thematerial.
Also, properbackgroundknowledgeis essentialfor thereviewing phaseof theURD.
Thispartshouldbetakenmoreseriouslyin thefuture.

Designphase:Thedesignphaseis completed.I [madethechoiceto create]anSDD
for this project. The [document]makes surethat you think thoroughlyabout the
designof your softwareinsteadof just startingoff programming.On theotherhand,
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sometimesyou have to decideaboutissuesthat you shouldbetterpostponeuntil a
later stage,but I think that this is a minor disadvantagecomparedto the bene�ts of
thewell thoughtout designthat is a resultof theSDD. I do not feel that I amover-
documenting.

Implementationphase:This phaseis currently in progress.I cannotcommenttoo
much about this. Coding standardsare a good thing to have. The designis al-
readyrecordedin theSDD,whichsimpli�es theprogrammingsigni�cantly andreally
speedsup theimplementationprocess.

The point van Bijnen makesaboutthe explorationphasecanbe debated.Researchcertainly is
partof theexplorationphase,andall teammembersshoulddig into thematerial.However, in a
review, theauthorsof thedocumentshouldbe ableto explain andconvince the reviewersabout
requirementswhennecessary. At leasttheauthorshouldbeableto point thereviewersto literature
explainingtheissuesthatwerenotunderstood.

6.4 Conclusion

This chapteranalyzedthe practicalwork that wasundertaken to customdevelop two tools and
theeffect of thesedevelopments.In addition,theresultsof testingout theproposeddevelopment
processin severalprojectswerepresented.

Thestudyof theautomatedbuild systemshowedthatthetool decreasedthetime to build and
deploy a component.An investmentof man-hourshowever wasneededin advance,to develop
the build system. The codedocumentingtool had no measurableeffects on the development
process.However, a lot of positive reactionshave beenreceived from developersthat areusing
thegeneratedAPI documentation.

The proposeddevelopmentprocesswasappliedsuccessfullyto the six projectsdescribedin
thischapter. No majorproblemswereencounteredin any of thephasesandthedevelopersreacted
positively. The processscalesto componentsaswell asapplications.In the caseswherecom-
parabledatawasavailable,the new processdecreasedthe numberof hoursrequiredfor writing
documentationandthenumberof hoursfor theimplementationremainedthesame.

The adoptionon the newly formulated,customizedprocess,hasled to improvementsof the
entiredevelopmentprocess.Thedevelopmentof the internationalizationcomponentandsupport
application,for example,have bene�ted from the new process,becausethe requirementswere
unstableand the designneededto be changed.The adaptivity of the processmadeit possible
to go backto previous phasesmoreeasilyand �x the problemsassoonaspossible. The tools
thatsupporttheprocesshave a signi�cant impacton theadaptabilityof theprocessaswell. An
automatedbuild andreleasesystem,for example,decreasesdeploymenttime,whichis particularly
useful in a processwith small, iterative cycles. It is the combinationof both processandtools,
that improve theproductivity andeffectivenessof thedevelopersin thecomponentdevelopment
context. Thebene�t of toolsis maximizedwith acompatibleprocess,andthebene�t of aprocess
canbemaximizedwith compatibletools.





Chapter 7

Conclusion

Theresearchquestionsin Section1.1havebeenansweredindirectlythroughoutthedissertation.In
thischapter, thesequestionsareanswereddirectlyby ashortsummaryof whathasbeenconcluded
in thepreviouschapters.In addition,thequalityandorigin of theanswersandrelevantfuturework
is discussed.

1. What is thecurrent scopeof software engineeringmethodology, and morespeci�c, whatare
themain trendsor directionsin thearea?

Historically, softwareengineeringis associatedwith a heavyweightcharacter. To overcomeprob-
lemswith heavyweightmethods,anew trendin softwareengineering— calledlightweightor ag-
ile — hasemerged.Additionally, anotherrelateddirectionhasevolved— calledtheopensource
movement— basedon a high level of collaborationaroundpublicly accessiblesourcecode.As
a result,threetrendswereidenti�ed, all having their own uniquecharacteristics:(1) heavyweight
softwareengineering,(2) agilesoftwareengineering,and(3) opensourcesoftwareengineering.
Chapter2 containsasummaryof therelevantliteratureon this topic.

2. Whatare the differencesbetweenthe directionsof software engineeringmethodologies,and
cansoftware engineeringmethodsbeclassi�ed?

Theweight is thekey differencebetweenheavyweightandagile. Tables2.1 and2.2 list speci�c
characteristicsanddifferencesbetweenagileandheavyweightsoftwareengineering.Opensource
softwareengineeringresemblesagile software engineeringto a greatextent. Cockburn [Abra-
hamssonet al., 2002], however, arguesthat opensourcesoftwaredevelopmentdiffers from the
agiledevelopmentmodelin philosophical,economicalandteamstructuralaspects.

It isdif�cult to classifyasoftwareengineeringmethodologytobeheavyweightbecausenopre-
cisede�nition of heavyweightsoftwareengineeringexists. However, theAgile Manifesto[Beck
et al., 2001]canbeusedto classifya softwareengineeringmethodasagile,andtheOSD[Open
SourceInitiative, 2004]canbeusedfor a projectto becerti�ed opensource.Chapter2 discusses
thedifferencesbetweenthedirectionsof softwareengineeringmethodologies,aswell asclassify-
ing amethod.
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3. What are the main considerationsthat in�uence the choice of a software engineering
methodologyfor a project?

Section2.7addressestheanswerto thisquestion.Thenumberof peoplein aproject,thecriticality
of a project,theavailablebudget,andteamstructuralaspectsarethemostimportantfactorsthat
mustbeconsideredwhena methodologyfor a projectis chosen.Not all of thefactorshave to be
�x edin advancefor a givenproject.Fixedfactorswill in�uence thechoicefor thevariableones.
In business,thebudgetof a projectis oftenthemostimportantfactor.

4. What software engineeringmethodologyis bestsuitedfor the developmentof software com-
ponents?

Themethodologyselectioncriteria,from Section2.7wereappliedto thecomponentdevelopment
environment,describedin Section4.9. The numberof peopleinvolved is small, the criticality
low, the availablebudgetis minimal andthe teamis co-locatedin the sameof�ce. As a result,
theagilemethodologywasconcludedto bethemostsuitableapproach.Whenever theparameters
— suchascriticality andscale— of the componentdevelopmentprocesschange,thechoiceof
methodologyshouldberecon�rmed.

5. What software engineeringmethodis bestsuited for the developmentof software compo-
nents?

It wasdecidedto formulatea customprocess,describedin Chapter4, for thedevelopmentof the
components,basedonpreviousexperiencewith thealreadyexistingESAlite softwareengineering
standard.The ESA lite standardwaschosenoriginally — beforethe researchdescribedin this
dissertationwasstarted— but turnedout to be too heavy. This wasan importantfactorto start
this research.

Empiricaldatafrom thecasestudiesin Chapter6 con�rm that thenewly formulatedcompo-
nentdevelopmentprocessis moreef�cient. Thecomponentdevelopmentprocesscanbeclassi�ed
as agile accordingto the Agile Manifestoand also by comparingthe componentdevelopment
processto thecharacteristicsdescribedin thetablesde�ned in theanswerto thesecondresearch
question.This analysiscanbefoundin Section4.9. Thecasestudiesin Chapter6 involve small
projects.Whethertheprocessscalesto mediumsizedor largeprojectsis to beinvestigatedfurther.

6. What impactdo toolshave on a projector, moregeneral,what is their impacton a develop-
mentprocess?

Toolscandecreasethedevelopmenteffort — andthusthecost— of a project.Thedevelopment
effort is decreasedby assistingin managingmistakesin threeways:(1)by preventingerrors,(2) by
detectingandlocatingerrors,and(3) by �xing errors.Furthermore,they haveasigni�cant impact
in asoftwareengineeringprocessbecausethey canbeavaluableresourceto assistin adheringto a
certainsoftwareengineeringmethod.Moreover, toolscanhelpto de�ne thesoftwareengineering
process— with theopensourcedevelopmentprocessasanexample.Theimportanceof tools is
discussedin Chapter3.
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7. How to choosethe toolsfor a developmentprocess,or morespeci�c for a project?

Usually, toolsaremainly chosenbasedon experienceandintuition, which canbe impreciseand
misleading. A model to assistin choosinga setof tools is introducedin Chapter5, including
examplesthat illustratethe usefulnessof the model. The modelmakesexplicit the practicalre-
quirementsfor the tools that areneededin a processor project, as well as the propertiesof a
collectionof tools.As aresult,adecisionbasedonthemodelis madetransparent.Futureresearch
mayfocuson a softwaretool to managetool matrices,aswell asassistin choosinga setof tools
basedon a tool matrix.

An importantpropertyof a tool, especiallyin business,is its cost— notonly its price,but, for
example,alsothecostof training. The costof a tool canbe madeexplicit in the tool matrix by
includingit asoneor moreproperties.

8. Which toolsarecommonlyusedto enhancethedevelopmentprocess?

Basedon our experience,a studyof literatureon this topic, andan analysisof several projects,
therearethreetools thatarecommonlyusedto improve thedevelopmentprocess:(1) a version
control system,(2) a bug and issuetracking tool, and(3) a build system. However, in another
context, othertoolsmayalsoimprove thedevelopmentprocess,for example,testingtoolsmaybe
valuable.Thecontexts thatareusedto answerthisquestionaredetailedin Section3.4.

The amountof disciplinethat is necessaryto introduceandusea tool, is a major in�uence
on a tool's valuein thedevelopmentprocess.This amountof disciplineis differentfor eachtool.
Whethera tool is successfulandvaluablein aspeci�c context, maybeexplainedby thediscipline
factor. This canbean interestingresearchtopic, which is not addressedin this dissertation.The
disciplinefactoris closelyrelatedto thecostpropertiesof a tool.

9. Which tools are important to support the processfor the developmentof software compo-
nents?

The model, from the answerto question7, wasappliedto choosea setof tools for the newly
formulatedcomponentdevelopmentprocess,in Section5.4.1. Although the modelwasapplied
retrospectively, it proved that the currentsetof tools is suf�cient andjusti�es the choiceto de-
veloptwo customtools. For thedevelopmentof a tool matrix managementanddecisionsupport
application,thedatafrom thecasestudiesin Sections5.4.1and5.4.2maybeuseful.

Themodelshouldbeappliedagainin thefuture,becausenew toolsmaybeavailableor needs
maychange.Additionally, if teammembersleaveor new teammembersjoin, tool preferencemay
bedifferent,considering,for example,thedisciplinefactor.

10. What is the relation betweenpeopleanda software engineeringprocess?

Thepeopleinvolvedis themostimportantfactorin aprocessor project.FromChapter2, it canbe
concludedthata lightweightprocessrequirescreative andresponsive people.A greatersenseof
freedomin a lightweightprocess,stimulatesdevelopercreativity. A heavyweightprocessconcen-
trateson providing somethingto hold on to. A teamwith a majority of lesscreative people,will
bene�t morefrom a heavyweightprocess.Themajordifferencebetweenagileandheavyweight
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processes,in people,is thatanagileprocessis moldedto thespeci�c team,andin a heavyweight
process,theteamis moldedto theprocess.



List of Abbreviations

ACPI AdvancedCon�gurationandPower Interface

ADD ArchitecturalDesignDocument

API ApplicationProgrammingInterface

ASD Adaptive SoftwareDevelopment

BSD Berkeley SoftwareDistribution

BSSC Boardfor SoftwareStandardizationandControl

CASE ComputerAidedSoftwareEngineering

CMM CapabilityMaturity Model

CP ConstructionPhase

CSD CodingStandardsDocument

CSV CommaSeparatedValues

CVS ConcurrentVersionsSystem

DDD DetailedDesignDocument

DP DesignPhase

DRY Don't RepeatYourself

DSDM DynamicSystemsDevelopmentMethodology

DSS DocumentStatusSheet

ECSS EuropeanCooperationfor SpaceStandardization

EP ExplorationPhase

ESA EuropeanSpaceAgency

FDD FeatureDrivenDevelopment

FIFO First In First Out

FSBN FondsStudiepuntenBuitenNederland

GDE GTK DevelopmentEnvironment

GENESIS GeneralizedEnvironment for ProcessManagementIn Cooperative Software Engi-
neering
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GIMP GeneralImageManipulationProgram

GNU GNU'sNot Unix

GPL GeneralPublicLicense

GTK TheGIMP Toolkit

GUI GraphicalUserInterface

HTML Hypertext MarkupLanguage

IDE IntegratedDevelopmentEnvironment

IEEE Instituteof ElectricalandElectronicEngineers

KDE K DesktopEnvironment

KIVI Koninklijk InstituutVanIngenieurs

LGPL Library GPL

LIFO LastIn First Out

MP MaintenancePhase

MTBF MeanTimeBetweenFailure

MPL Mozilla PublicLicense

OOAD ObjectOrientedAnalysisandDesign

OOP ObjectOrientedProgramming

OPHELIA OpenPlatformandMethodologiesfor DevelopmentToolsIntegrationin aDistributed
Environment

OSD OpenSourceDe�nition

OSI OpenSourceInitiative

PHP PHPHypertext Preprocessor

PSE ProgrammingSupportEnvironment

PSEE Process-centeredSoftwareEngineeringEnvironment

PSS Procedures,StandardsandSpeci�cations

QPL Q PublicLicense

RUP RationalUni�ed Process

SAIEE SouthAfrican Instituteof ElectricalEngineers

SCMP SoftwareCon�gurationManagementPlan

SD SoftwareDesign

SDD SoftwareDesignDocument

SEE SoftwareEngineeringEnvironment
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SEI SoftwareEngineeringInstitute

SLOC SourceLinesOf Code

SPMP SoftwareProjectManagementPlan

SQAP SoftwareQualityAssurancePlan

SQL StructuredQueryLanguage

SRD SoftwareRequirementsDocument

SSD SoftwareSpeci�cationDocument

SUM SoftwareUserManual

SVVP SoftwareVeri�cation andValidationPlan

TU/e TechnischeUniversiteitEindhoven

UML Uni�ed ModelingLanguage

URD UserRequirementsDocument

WYSIAYG WhatYouSeeIs All YouGet

WYSIWYG WhatYou SeeIs WhatYouGet

XML ExtensibleMarkupLanguage

XP ExtremeProgramming
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