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Abstract

Arigoroussoftwae engineeringnethodolgy, appliedin thedevelopmenbf softwae components,
causesverheadcosts,for example by over-documenting Thealternativeis to usean agile ap-
proad, to reduceoverheadcausedy process-cented tasks.Theadvantgesanddisadvantges
of rigorous and agile appmoadcesare analyzed,and criteria to choosebetweerthemare intro-
duced.As a solution,this dissertationproposesan agile procesdor the developmenbf softwae
components.

Theimportanceof toolsandtheir relationwith a processare discussedSoftwae development
tools may contribute greatly to the succes®f a project, and may provide critical supportfor a
softwae engineeringprocess. Theefore the selectedset of tools in a developmentprocessis
essential. Theselectionprocesanustbe transpaentand carried out with care. Anappioad that
may be followedto selecta tool ervironmentis proposed.Theresultsof casestudieswhele the
appioad is retrospectivelyapplied,con rm theimportanceof tool selection.

A setof toolsis selectedor thetool ervironmentto supportthe componentevelopmenpro-
cess. It is not alwaysthe casethat the neededools can be selectedbut of an existing set. The
practical work that was neededo customdevelop two tools — an automatedouild systemand
codedocumentingool — is described. Theresultsof applyingthe proposedprocessto several
projectsare discussedas well as interviews with the responsibledevelopes. Evidenceis pre-
sented showingthat both the proposedprocessandthe tool environmentchosen reduceproject
overheadandcost.






Samervatting

Eenrigoreuzemethodolgie voor softwae engineeringoegepastin deontwikleling vanherbruik-

bare (softwae) componenteresulteerin overheadkosten bijvoorbeelddooronnodige documen-
tatie. Het alternatiefis eenagile aanpakom de overheadkostente bestrijdendie veroorzaakt
wordendoor process-gorieénteede taken. De voor ennadelenvan detoepassing/an eenlicht-

gewicht aanpakwordenvergelelen meteenrigoreuzeaanpak. Ook wordende criteria om een
keuzetusserdetweeversdillendemanieenvanaanpakte malenbestiouwd.Als oplossingvoor

de ontwikleling van de componentenrvordt in dezescriptie eenop maatgesnederagile proces
gegeven.

Ookwordt belicht hoebelangrijk tools, oftewel gereedshappen,zijn in het ontwiklelproces.
De preciezerelatie tussengereedsbappenen het proceswordt onderzoht en de conclusieis
dat gereedshappeneengrote invioed hebberop het succesran eenproject; de gereedshappen
kunnenin belangrijle matebepalendzijn in hetondesteunervan eenbepaaldproces.Dit heeft
als gevolg dat het malen van eenselectievan gereedshappendermatebelangrijk is, dat het
selectiepocestranspaant enzomgvuldig moetwordenuitgevoed. Eenaanpakwordt voomesteld
om eenverzamelingvan gereedshappente kiezen. Een aantal casestudieswaar de aanpak
achteraf wordt toggepastbevestigen de crucialerol vande selectievan hetgereedsbap.

Eenverzamelingoolswordt gekozenmetde bestirevenaanpakvoor hetcomponenbntwik-
kelproces. Hetis niet altijd hetgeval dat de benodigdegereedsbhappengekozenkunnenworden
uit eenbestaandererzameling Tweegereedsbappen genautomatish build systeeneneencode
documentatiesysteemzijn op maatontwikleld en dezegereedshappenen de aanpakvan het
praktisihewerkwordtin dezescriptiebestireven. De resultatervandetoepassingyanhetproces
endegelozenenontwikleldetoolstijdenseenaantal projectenwordenbestireven,onderandee
door middelvan interviavs metde verantwoodelijke ontwiklelaars. Er wordt aangetoonddat
zowelhet componenbntwiklelprocesals de gekozengereedsbappentot eenverminderingvan
overheadeidt.
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Preface

This documentdescribeghe work for our masters thesis,from November'03 until November
'04. After having worked togethersuccessfullyin the pastfor mary times, we decidedthat it
would be a greatideato combineour skills and sharedinterestsin this projectagain. We were
alreadyworking for the sameemplo/er, who wasalsointerestedn taking his chancewith usin a
graduatiomproject.Our supervisorlappraedthe projectandthework startedearlyNovember03.

Thework for our employer consistof the developmentof software componentsthatwill be
describedn moredetailin Chapterl. The rst processthatwe usedto managehe development
of thesecomponentswas the EuropeanSpaceAgeng (ESA) Software EngineeringStandard.
This processhowever, wastoo hearyweightfor the speci ¢ context. It wasdecidedto switchto
theESAlite standardbut asigni cant amountof overheadvasstill causedby writing documents,
with contentthatwasfelt not optimally useful.

For our employer, a goal of the researclwasto nd anoptimal procesdor the development
of the components.The rst challengeat the startof the graduationprojectwasto broadenour
scopeof softwareengineeringWe studiedtheliteratureon thetopic andtheresultis presentedh
Chapter2.

Frommid February04 to mid April '04 we wentto the Universityof Pretoriain SouthAfrica.
Throughoubur stay we discussedheimportanceof toolsin adevelopmentprocessvith Andrew
Boake andDerrick Kourie,who becameour externaladvisers.The procesof tool selectionwas
foundto 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 Institute of Electrical Engineerg SAIEE), for a specialissueon
softwareengineeringAfter areview andarewrite, it wasacceptedndthe papemwill bepublished
in the Decembet04 issueof SAIEE.

Thepaperis includedasChaptei5, with minoradjustmentso haveit t in thisdissertationWe
usedthetechniqueto validatethe toolsthatwerechosento improve the componentievelopment
processWhenwe returnedrom SouthAfrica, Chapter3 waswritten, containingthe background
materialthatwasusedto write the paperfor SAIEE.

Broadeningour software engineeringscope resultedin startingto strip the ESA lite process
to allow it to be morelightweight. In the end, after usingthe processn practice,we concluded
thatthe newly formulatedprocesswvassuitablein the speci ¢ componendevelopmentcontext.
The procesgdescriptionis includedin Chapterd. A documenis derived from this chapter that
prescribeghe processstandardor the developmentteamthatis responsibldor developingthe
componentsChapter4 hasa high level of detail, becausét waswritten to sere asa basefor a
standalongrocesslescriptiondocument.

XVii



PREFACE XViii

A signi cant partof ourgraduatioryearconsisteaf practicalwork for ouremployer. He hired
usto improve thequality of his project,by implementingsoftwarecomponentso replaceandadd
featuresto his product. We implementedseveral componentsand a supportapplication,to test
out the componentevelopmentprocess.Additionally, we implementedan automatecuild and
releasesystemanda codedocumentingsystento streamlinghe componentlevelopmentprocess
further For the supportapplicationand codedocumentingsystemthe componendevelopment
processastestedwhetherit scalego applications Thesecasestudiescanbefoundin Chaptel6.

The majority of the researctdescribedn this dissertationis a collaborateeffort of both the
authors. This documentis pair-written in a way similar to the pair-programmingtechniqueof
ExtremeProgramming Eachpartthatwasnot collaboratvely written, wasextensvely reviewed
by the otherauthor The practicalwork is, however, moreor less,distributed; eachcasestudyhas
aresponsibléead-deeloper For the collectionscomponentthe build systemandAPI documen-
tationsystem Zwartjesis the lead-deeloper For theinternationalizatio componentindsupport
applicationyvanGefenis thelead-deeloper
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Chapter 1

Intr oduction

In 1991, our employer, Intersoft,setout to producean enterpriseadministratiorsystem targeted
at small to mediumsizedcompanies.The developmentteamwas relatively inexperiencedand
had little formal software engineeringbackground. Neverthelessthey perseered, albeitin a
somevhatunstructuresnannersuccessfulldevelopingandmarketingthe systento aclientbase
of approximately300 installations. Unsurprisingly the systemevolved over time in responsdo
clientandmarlet needs.After somel0 years,the teamrealizedthat the applicationhadbecome
increasinglyunmanageabl@ndsomethingheededo be donefor work to continue.

Theauthorswerehired asconsultantdo augmenthe efforts of the existing developers.The
stepsweretakento overall re-engineeandrestructurehe softwareinto manageableomponents.
Intersoftis locatedin Amsterdamhowever, practicalconsiderationsequirethatwe work in are-
motelylocatedof ce in Eindhoven. The partof the organizationin Eindhovenis calledintersoft
SoftwareResearchFace-to-Acemeetingswith theexisting developersareheldon aregularbase.
Our primarytaskis to implementsoftwarecomponentso replaceandaddfeaturesof theadmin-
istrative application. The developmentof eachcomponenthereforerequiresclosecollaboration
betweerthetwo parties.Theterm projectis usedto denotethe entireprocesof the development
of acomponent.

This dissertatiordescribeghe reseachthat hasbeenconductedo improve the development
proces®f thesoftwarecomponentsThereforefwo elds areinvestigated(1) softwareengineer
ing methodologyand(2) softwaredevelopmentools.

Software engineerinchasbeena researchopic for almostfour decades Softwareengineer
ing methodology originatedin the 1960s, producinghearyweight methods. More recently a
leightweightform of methodologyhasemeged. Software developmenttools have beenused
sincethe emegenceof software developmentitself, andare frequentlydeplg/ed to improve the
developmentof software.

The relevanceof the subjectcanbeillustratedby the roadmapo software engineeringools
andervironments publishedn April 2000,by OssherHarrison,andTarr. They describeseveral
majortrendsthatwill emegein thefuture:

IMethodologyformally refersto thescienceor studyof methods However, thetermis frequently(ab)usedo denote
abody of methodsrules,andpostulatesin softwareengineeringthe term methodologyis commonlyusedto referto
asetof recommendegractices.
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[We expectto see]new methodologiesformalisms,and processeso addresson-
traditionalsoftwarelifecycles,andthetool andenvironmentsupporto facilitatethem.
With signi cant economic,businessandresearctpressureso be rst to market or
rst to publish,especiallyin nev domaindik e penasive computingande-commerce,
fewer individuals are able to expendthe resourceson a traditional spiral lifecycle,
evenknowing whatthey arelosingasa resultof cutting corners.Further with rapid
development,rapidly changingrequirementsand platforms,and an extremely fast-
moving andvolatile eld, it is questionablevhethermary nev domainswould ac-
tually bene t from the more costly traditional software lifecycle — it simply takes
too long. Currentmethodologiesandtools generallydo not work well in suchnon-
traditionalcontets, andthey do not“degrade”gracefully Developingmethodologies
andmodelsthatdoworkin thesecontets, andtool andenvironmentsupportfor them,
is acritical challengeof theupcomingdecade[Ossheretal., 2000]

In this dissertatiorthe expectationdrom OssherHarrisonand Tarr aretried to be ful lled by:
(1) proposinga procesdor the developmentof software componentsand(2) providing the tool
ervironmentfor the processln addition,anapproacho selectthetoolsfor atool ervironmentis
describedcaswell.

To understandhe origin andbackgroundf the proposedorocessthe history andrelevance
of hearyweight and agile methodologiesare described. Both methodologieswvill be compared
anda shortintroductionis giveninto choosinga methodology The backgroundnformationwill
be usedto explain the importantmattersof the componentdevelopmentprocess.In additionto
hearyweightandagile methodologiesthe opensourcemovementwill bediscussed@swell. The
opensourcemovementis oneof the latestincreasinglypopulargroupof peopledevelopingsoft-
ware.It will provide anexamplewherethe developmentprocesgdepend®n boththe processand
theuseof tools. Theopensourcemavementalsoin uencedwork on procesdor thedevelopment
of softnarecomponentandthe supportingool ervironment.

After software engineeringnethodologiesareintroduced the impactof tools and processes
on softwaredevelopmentin recentyearsis investigatedincludingthelatestdevelopmentsn soft-
wareengineeringnethodologyandthe effect of thesedevelopmentontools. Althoughtoolsare
certainlynot a Silver Bullet [Brooks Jr., 1987], they are perhapsmoreimportantthangenerally
realized.Theopensourcecommunityandthetoolsusedin the procesof developingopensource
software,sene asanexamplefor this relation.

Theconclusionthattoolsareimportantin the developmentprocesdogically impliesthattool
selectionor, in caseno existing toolsaresuitable tool customizations animportantin uence on
thesucces®f aprojectaswell. An approactHor managinghe selectionprocesss outlined,that
visualizesthe processf selectionin a matrix. Toolsareanalyzedn the approachoy specifying
functionalrequirementaindsupportedroperties.

Thetoolswerealreadychoserfor thedevelopmenprocessbeforethetool matrix hadevolved.
However, themodelis appliedto validatethe setof toolsthatwaschosen Especiallyin thecases
whereit wasdecidedo customdevelopatool, themodelis usedto agumentthereasorto custom
developthetool. Finally, thepracticalwork concerningheimplementatiorof seseralcomponents
and a supportapplicationis discussed. Thesecasestudiespresentthe resultsof applyingthe
componentievelopmentprocessandtool environmentin practice.



1.1

CHAPTER 1. INTRODUCTION

Reseach Questions

The main themeof this dissertatioris to nd means— in the form of a software engineering
processanda tool ervironment— to enhancehe developmentof the componentsgescribedn
the previous section. To solwve this problem,a numberof researchquestionsareformulated,that
will be addresseth the remainderof the dissertation.In Chapter7, a summaryof the resultsis
presentedaccordingto the researchguestiondn this section. The following list enumerateghe
tenmainresearchguestions:

1.

10.

Whatis the currentscopeof softwae engineeringnethodolgy, andmore speci ¢, whatare
themaintrendsor directionsin thearea? To enhancehe developmentof the components,
by introducinga software engineeringprocessit is importantto rst explore the options.
By looking at softwareengineeringnethodologieshe highestevel of optionsis examined.

Whatare thedifferencesbetweerthedirectionsof softwae engineeringnethodolgies,and
cansoftwae engineeringmethodse classi ed? To choosebetweerthe high level options
it is importantto list thedifferencedetweerdirectionsin softwareengineeringnethodolo-
gies,and,if possible specifythemeando classifysoftwareengineeringnethods.

Whatare the main consideationsthat in uence the choiceof a softwae engineeringmet-
hodolayy for a project? If thereare groundsor criteriato choosebetweensoftware engi-
neeringmethodologiesthey canbe appliedto agumentandanswelthe next question.

. Whatsoftwae engineeringnethodolgy is bestsuitedfor the developmenbf softwae com-

ponents?With this questionwe try to discover the type of software engineeringmethod-
ology, bestsuitedfor the componentlevelopmentprocess.This answemmaybe the baseto
analyzethe next question.

. Whatsoftwae engineeringmethodis bestsuitedfor the developmenbf softwae compo-

nents?Theanswergo thepreviousquestionareusedo determinghechoicefor asoftware
engineeringnethodfor thecomponentievelopmentprocess.

Whatimpactdo tools haveon a project or, more geneal, whatis their impacton a devel-
opmentprocess?Thegoal of thisquestionisto nd possibilitiesto enhance development
processuy introducingcertaintools — to determinethe in uence of tools on a software
engineeringnethod.

Howto choosethetoolsfor a developmenprocesspr more speci ¢ for a project? Because
mary tools of the samegenreexist, it is dif cult to nd thatonetool that ts a developers
needbest.Canthedecisionprocessegeneralizedo selecta setof tools?

Which tools are commonlyusedto enhancehe developmenprocess?Is therea common
setof toolsthatis frequentlyusedin projectsto improve thedevelopmentprocess?

Whidh tools are importantto supportthe processfor the developmenbf softwae compo-
nents? We try to nd a setof tools, that enhanceshe procesghat wasfound to be best
suitedfor thedevelopmentof thecomponentsirom questiomumbers.

Whatis the relation betweenpeopleand a softwae engineeringprocess? In what way
do peopleaffect the developmentprocesghatis appliedin a project,andin whatway are
peoplein uenced by adevelopmentprocessn a project?
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1.2 Overview of the Document

Chapter2 reviews the history andfactsaboutsoftware engineeringnethodologieslt will bring
up detailsaboutthe opensourcesoftware developmentmodel and rigorousand agile software
engineering Chapter3 discussegheimportanceof toolsin the developmentprocessin Chapter
4, a customizedsoftware developmentprocessfor the developmentof software componentss
illustrated. To supportthis processtools will be chosenusing an abstractmodel discussedn
Chaptes. Chapter6 elaboratefionv an ApplicationProgrammingnterface(API) documentation
systemand a build systemhave beendevelopedfor the tool environmentof the development
processaswell asthreecasestudiesthatapplythe proposedrocessrom Chapterd. Finally the
conclusionsarepresentedn Chapter7.



Chapter 2

An Intr oduction to Software
Engineering Methodologies

The sooneryou start codingyour program, the longerit is going to take. Murphy's law of
programming[Formulatedby H. Ledgard,1975.]

It is easierto changethe speci cationto t the programthan viceversa.Alan J. Perlis:
Epigramsin ProgrammingSIGPLAN Sept.1982

In this chapter generalaspectsof software engineeringmethodologiesand processesre de-
scribed. Three commonmethodologies— hearyweight (or traditional) software engineering,
lightweight (or agile) software engineering,and the opensourcesoftware developmentmodel
— areoutlinedin moredetail. The importantpropertiesof the methodologiestheir history and
developmenbvertime arehighlighted.In addition,ourexperienceawith eachof themethodologies
isincluded.

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

2.1 Intr oduction

Thetermsoftwae engineeringvas rst usedaroundl960asresearchersnanagemengndpracti-
tionerstriedto improve softwaredevelopmeniractice. The NATO ScienceCommitteesponsored
two conference®sn softwareengineeringn 1968 (GarmischGermary) [NaurandRandell,7 11
Octoberl968]and1969[RandellandBuxton,27 31 Octoberl969],whichgavethe eld itsinitial
boost. Many believe theseconferencesnarkedthe of cial startof the profession.Programmers
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werewell awareof electricalandcomputerengineeringand debatedvhat software engineering
might mean. The software engineeringareawas stimulatedby the softwae crisis of the 1960s,
1970s,and 1980s,whenmary software projectshad bad endings. The software crisis wasthe

namethatlinkedtogethetthe mary problemswith software.

In the early 1980s,developmentof softwarefor the US Military waschaotic. Most projects
werelate, over budgetandde cient in functionality Someeven causedoropertydamageor loss
of life. The Software Engineeringlnstitute (SEI), an entity attachedto the ComputerScience
Departmenbf the Carngie Mellon Universityin Pittskurgh, wasestablishedn 1984to advance
the practiceof software engineeringn the USA. The SEI hasbeenthe origin of mary ground-
breakinginitiativesin softwareengineeringinvestigatedtested andappliedin collaborationwith
its partners.An exampleis the Capability Maturity Model (CMM), which positionsa software
developmentorganizationat a designatedevel of maturity basedon its developmentprocesses
and managemenpractices. Anotherexampleis its leadingwork in identifying, specifyingand
encouragingngoingadherenceo qualitiesof agoodsystemarchitecture.

Sincethattime, the SEI hasproducedmuchwork which forms valuableinput for ary soft-
ware developmenteffort that wantsto improve its delivery record. Its missionis “to transform
softwareengineeringrom anad-hoc Jaborintensve actiity to amanagediechnology-suppted
engineeringdisciplinesothatthe governmentcanacquiresystemdgrom a broader more capable
contractoas€. The SEl continuego do researctaimedat solving signi cant softwareindustry
problems,comingup with innovative solutionsin collaborationwith its partners(including uni-
versity departments)estingthesesolutionsanddisseminatingheknowledgegainedwidely. The
SEl hascontritutedlargely to theimproved stateof softwaredevelopmentn the USA.

In 1987 ,Brookspublishedhefamouspapemo SilverBullet[BrooksJr.,, 1987].In thisarticle
he arguesthatno individual technologyor practicecanmake a 10-fold improvementin produc-
tivity in 10 yearstime. Almost every new technologyor practicethat wasintroducedclaimed
to be the solutionfor this software crisis. ObjectOrientedProgramming OOP),methodologies,
processeghe Uni ed Modeling Languagg UML), andCMM areexamplesof technologiesand
practiceghatweresupposedo be a silver bullet solving the software crisis. Noneof themactu-
ally turnedout to be silver bullets, however, suchpracticescanmalke incrementaimprovements
in productvity andquality.

Following a software engineeringmethodor standards a practicethat canimprove produc-
tivity andquality  Softwareengineeringmethodsspanmary disciplines,including projectman-
agementanalysis,speci cation, design,coding, testing,con guration managemenand quality
assuranceThesemethodscaninformally be classi ed into hearyweight andagile (lightweight)
methods Heavryweightandagilereferto theamountn which thedisciplinesmentionedabove are
elaboratedn a method.Thenext sectionsexaminethesemethodologiesn moredetail.

2.2 Heavyweight Software Engineering

Hearyweight methodsinclude a large amountof formal processpaperverk anddocumentation.
In a hearyweightmethodologystrict attentionto rulesandproceduress demandecnddeviation
from the standards stronglydiscouraged Regardlessvhatkind hearyweight methodis applied
within a software engineeringproject,a speci ¢ attitudemustbe adoptedtowardsworking in a
process-orienteénvironmentin which planningand documentatioris emphasized.The most
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importantcharacteristicef a hearyweightmethodologyidenti ed by Khan[Khan, 2004],are:

Plan oriented — Hearyweightmethodsgry to captureall possibilitiesin advance.An exact
planningis madeatthe startof a projectin which eachphasés elaboratedn detail. Whena
speci ¢ planningof aphasén theprojecthasnotbeenful lled, change$ave to bemadein

theplanningfor theremaindeof theproject. Projectqualityis measuredby conformanceo

plan. The mostimportantfactorsto considera projecta successis on-timeandon-kudget
delivery.

Comprehensve documentation— Comprehense documentatiomprovidesa thoroughin-
sightto the innardsof the projectat arytime andis critical to the succes®f a project. In
addition,it is a prerequisitdor future maintenance.

Predictive approach— Softwaredevelopments approachedsa predictive andrepeatable
actiity alongthe line of the engineeringdisciplines. This predictive approachs closely
relatedto thefactthathearyweightmethodsareplanoriented.

Processriented — A hearyweightmethodologyfocuseson developinga processn which
differentrolesareidenti ed, eachhaving clearlyde ned tasks.

Big design upfront — Hearyweight methodologiesare basedon comprehense require-
mentsgatheringupfront. The goal is to build a scalableand e xible architecture. The
architecturablesignis aneye-openeinto the compleity involvedin the project.

Hearyweightmethodologiesreappliedwithin large andmorecritical projects.Cockhurn writes
aboutselectinghe methodologyfor a project:“A relatively smallincreaseén methodologysizeor
densityaddsarelatively largeamounto theprojectcost’[Cockturn, 2000]. A directconsequence
is thata hearyweightmethodologyshouldonly be appliedwhenthe extra costsinvolved with this
approachare inevitable. And this is exactly the casein large and critical projects. Examples
of hearyweight software engineeringnethodsare RationalUni ed Proces{RUP), Cleanroom,
Fusion,andthe ESA standard.

Becausédearyweightsoftwareengineeringnethodologyis moreor lessde ned by theactual
hearyweight methods this chapterwill describethe hearyweight methodologyby example. In
the next section,Fusionwill be elaboratedn moredetailto shav how a hearyweight methodis
implementedn practice.

Thesectionfollowing Fusion,illustratestheconcepbf hearyweightmethodologieby means
of the ESA software engineeringstandard.The ESA software engineeringstandards described
in greatdetail becausey1) the processntroducedin Chapter4 is basedon the light versionof
the ESA standardEuropearSpaceAgenay, 1996],and(2) it is the rst hearyweightstandardve
worked with. We gaineda lot of experienceworking with the ESA standard.Theseexperiences
aredescribedn a separateectionaswell.

2.3 Fusion

Fusionwasdevelopedto provide a systemati@pproactto object-orientegoftwaredevelopment.
Thisis describedn Colemans bookaboutthe Fusionmethod Colemanetal., 1994]. It integrates
andextendsapproachethatexistedat thetime of the developmentof Fusion. It is a methodthat
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providesfor analysis,designandimplementation.Fusiontries to give a direct pathfrom the re-
guirement®f thesystento animplementationn someprogrammindanguageThis development
methodsupportdboththetechnicalandmanageriahspect®f softwaredevelopment.

Fusiondividesthe software developmentprocessnto phasesand gives clearindicationson
whathasto bedonein eachphase Fusionprovidescriteriathattell thedeveloperwhento proceed
to the next phase.In additionmanagementools are provided for software development. There
arethreephasesn the Fusionprocess:(1) the analysisphase(2) the designphase and (3) the
implementatiophase NotethatFusiondoesnothave arequirementphasebecauseequirements
captureis usually performedby a customerandit is his job to deliver the initial requirements
document.The outputof eachphaseis clearlyidenti ed andcross-checkarede ned to ensure
consisteng betweerandwithin phases.

In theanalysigphasetheintendedbehaior of thesystems de ned andmodelsthatre ect this
behaior areproduced.Themodelsdescribethe classe®f objectsin the systemandtherelations
thatexist betweerthoseclassesTheoperationghatcanbe performedonthesystemareclassi ed
togethemwith the allowable sequencesf thoseoperations.In contrastto someother standards,
no methodsare attachedo particularclassesn this phase. In the Fusionmethodthis practice
is donein the designphase. The designerin the designphasechoosesan implementatiorfor
the systemoperationgdy the run-time behaior of interactingobjects. Operationsandattributes
are attachedo the classesandthe appropriaterelationshipshetweenclassesare formulated. In
the implementatiorphase the modelsconstructedn the designphaseareturnedinto codein a
particularprogrammindanguage.

Fusionis a methodthatcaneasilybe adaptedor differentprojects.The original Fusionis by
naturea hearyweight software engineeringorocess.A morelightweight versioncanbe usedin
projectsthatcannotafford the additionaleffort requiredto usethefull version.Partsof the Fusion
procesr notationscanbe usedto complementveakpointsof otherdevelopmentprocesses.

2.4 The ESA Software Engineering Standard

The ESAis oneof the originatorsof well-documentedoftware engineeringstandardsOn their

website[Joneset al., 1997]they describen detailwhatmadethemdevelop their ESA Software

EngineeringStandardIn the next sectiontheir motivationsaresummarizedThis historicalback-

groundis followedby a sectioncontainingour own experiencewith the ESA softwareengineering
standard.

2.4.1 Historical Background

The websitedescribeghatthe ESA Software EngineeringStandard®riginatearound1975. At

thattime the ESA wasworking on a numberof ambitiousprojectsinvolving the developmentof

large amountsof code. Someof thoseprojectswereon relatively new subjects. Projectgroups
oftenconsistedf excellentengineershut mostof themwerenot usedto workingin projectswith

hugecostsandastrict scheduleTherewasvery little projectdiscipline.

Oneof thoseprojectsinvolved a softwaredevelopmentactivity to supporta missionof which
the launchwasvery important. The projectwas late and therewere somemajor hardware and
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operatingsystemproblems.The softwaredeveloperswerewaiting for improvementsof the hard-
ware. To beableto continuethe work, they wantedto reducethe amountof requirementso only
thosehighly essentiafor the launchof the satellite. But the problemwasthatnobodyknew what
theexactrequirementsvere: “Therewerenowritten requirements— atbest,somecouldpartly be
retrieved from minutesof meetings All therestwerein the mindsof the projectengineersHow
couldcostandschedulébe guaranteedinderthesecircumstancesThis wasa projectmanages
worstnightmare!”[Jonesetal., 1997].

At this momentit wasdecidedto stopary further development.All software engineersrst
hadto write down their understandingf therequirementsManagemenivasvery skepticalabout
this decision,especiallysincethe projectwasalreadylate. However, asit turnedout, it seemed
to be working. As they had a written list of requirementsthey were now ableto selectonly
thoserequirementsieededor the launch. The remainingrequirementsvereimplementedafter
thesatellitewaslaunchedln this casea disastewaspreventedfrom happening.

The Boardfor Software Standardizatiorand Control (BSSC)was foundedbecauseof one
verygoodreason!We neverwantto nd ourselesin thissituationagain!”. Thisis theseedrom
whichtheBSSC,andconsequent|ythe ESA Software EngineeringStandardgjrew.

Thegoalof the BSSCis to de ne amethodologythatwould enable:

1. Thedevelopmenbf aproductbasednrequirementsle ned by theusersof the
systemandnot solelyonthedevelopers'wishes.

2. A rigoroustestingof the systembeforeits releasdor operation.

3. Theexecutionof aprojectaccordingo tight costconstraint@ndrigoroussched-
ule control. In this regard,it mustbe notedthatlaunchdelaysareextremelyex-
pensve andit is simply unacceptabléo delayalaunchbecaus®f delaysin the
developmenbf softwarecomponentsyhethertheseareon boardthespacecraft
orin thegroundsystem [Jonesetal., 1997]

The rst realistictask of the BSSCwasto de ne the software life cycle andits phases. This
resultedin initial guidelinesfor the developmentof software, issuedat the beginning of 1978.
Togethemith theseguidelinesacommonterminologywasintroduced.The next stepwasto pro-
ducea setof documentseachof which coversa speci ¢ phaseof the softwarelife cycle. Those
documentgdescribemilestonesand the applicablepracticesfor eachphase. A lot of usefulin-
formationwas derived from other software engineeringstandardsespeciallyfrom the Institute
of ElectricalandElectronicEngineerg|EEE). The BSSChaswritten a singledocumenthatde-
scribeshow the documentationis organizedEuropeanSpaceAgengy, 1991]. In addition,agen-
eraldocumenf{EuropearSpaceAgeng/, 1995ajwascreatedon how the standardvorksandhow
it shouldbe appliedin a speci ¢ project. Furthermorea documents written for eachphaseof the
standardin chronologicabrderthe userrequirementsle nition phasgEuropearSpaceAgency,
1995b], software requirementgie nition phase[EuropeanSpaceAgeng, 1995c], architectural
designphasdEuropeanSpaceAgeng/, 1995d],detaileddesignphasd EuropeanSpaceAgendy,
1995¢] transfemphasdEuropearSpaceAgeng, 1995f]andtheoperation@ndmaintenancehase
[EuropeanSpaceAgengy, 1995¢]. Projectdocumentatiors describedn four documentssoft-
wareprojectmanagemerfEuropearSpaceAgend, 1995h],softwarecon guration management
[EuropeanSpaceAgengy, 1995i], software veri cation andvalidation control [EuropeanSpace
Ageng, 1995j] andsoftwarequality assuranc§EuropearSpaceAgeng/, 1995k].
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“Although [the applicationof the ESA software engineeringstandardsjn large projectsis
quite straightforvard, experiencehasshavn that a simpli ed approachs appropriatefor small
software projects” [EuropeanSpaceAgeng/, 1996]. The ESA introduceda specialguide that
providesguidelineson how to applythe standardo smallerprojects.Thisis basicallya simpli ed
approactof thefull ESA standardln this guidea numberof stratgiessuitablefor smallprojects
producingnon-criticalsoftwarearedescribedalongwith possiblevaysof tailoringthemandatory
requirementso thesesmall projects. This includesthe possibility of combiningandsimplifying
thevariousmanagemendocuments.The ESA de nes a projectto be “small”, if oneor more of
thefollowing applies:

1. Lessthantwo manyearsof developmenteffort.
2. A singledevelopmenteamof ve peopleor fewer.
3. Fewerthanapproximatelyl0000linesof sourcecode(excludingcomments).

TheESA softwareengineeringyuide[EuropearSpaceAgeng, 1991],de nesseveralcriteria
thatin uence how the standards to be applied:

Thenumberof peoplerequiredto develop, operateandmaintainthe software.
Thenumberof potentialusersof the software.

Theamountof softwarethathasto be produced.

Thecriticality of the software,asmeasuredby the consequencesf its failure.
Thecompleity of thesoftware,asmeasuredby thenumberof interfacesor asimilarmetric.
The completenesandstability of the userrequirements.

Therisk valuesincludedwith the userrequirements.

The ESA quali es a projectof two man-year®r lessasa smallone; projectsof twenty man-
yearsor morearequali ed ashig. Thecriticality of the softwareis considered highly important
factorwhendecidinghow to apply the standards Whenfor examplesoftware— developedfor
the launchof an expensie rocket — fails, it canresultin lossof life andmoney. Sothis kind of
critical softwarehasto be developedwith care.It is up to themanagementr seniormanagement
of a projectto determinein which amountthesefactorsin uence the actualproject. They often
have the nal wordin whatstandards to be usedandhow it is to be applied.In 1994,the ESA
haddecidedo starttheimplementatiorof a new internalsystemof standards.

In Junel994,aresolutionhasbeenadoptedy the ESA Councilwhich con rmedthe
commitmentof the ageny to transferthe presentProceduresStandardsand Speci-
cations (PSS)systemof ESA spacestandard$o a new systemof standardsinder
preparatiorby the EuropeanCooperatiorfor SpaceStandardizatiofECSS).Infor-
mation and announcementaboutECSScan be found on the of cial website,see
[EuropeanSpaceAgeng/, 2004]. The ESA, Europeamationalspaceagenciesand
Europearspacendustryarerepresenteih the ECSS.The PSSsystemof standards
is amandatoryinputto the preparatiorof the ECSSstandardsThe ECSSsystemof
standardsoversmanagemenproductassurancandengineeringstandardsspeci -
cally for spaceprojects.In ECSS softwareengineeringtandard$orm abranchof the
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engineeringtandardsThe ECSSstandardor softwareengineeringECSS-E40Qis in
preparation.ECSS-E4Qwill be a high-level requirements-oriendestandard.Unlike
PSS-05JEuropeanSpaceAgengy, 1991],it re ects the speci cs of spaceprojects,
for examplethe relationshipbetweenthe spacesystemdevelopmentcycle and the
softwaredevelopmentycle. [Jonesetal., 1997]

The ESA Council hasdecidedthat no new issuesof PSSdocumentswill be released.The
existing PSSstandardsvill however remainin force until the relevant ECSSstandardsire avail-
ableandadopted A planwill bepreparedor theintroductionof ECSS-E40lt is anticipatedhat
thiswill includetestsusingthe ECSS-E4Gtandardn selectedESA projects.A detailedstandard,
practice-orientedat the level of, for example,the currentESA Software EngineeringStandards,
would be expectedasa requiremenfor the implementatiorof ECSS-E40.1t would alsobe ex-
pectedthatotherorganizationge.g. nationalspaceagenciesspacandustry)might usetheir own
standardasimplementation®f ECSS-E40.

Within the ageng therewill be a continuingneedfor a PSS-05Qype standardor much of
the softwaredevelopmentin theageng whichis notdirectly partof a spaceproject,e.g. ground
infrastructuresoftware,administratie softwareandtechnologystudies.

2.4.2 Experiencewith ESA

Our rst time experiencewith the ESA softwareengineeringtandardvasduringa softwareengi-
neeringprojectat the TechnischdJniversiteitEindhosen (TU/e) in 2000-2001Thedevelopment
teamconsistedf 10 members Eachteammemberthadto work on the projectfor approximately
two man-monthsthis addsto a total of lessthantwo man-yearsThe assignmentvasto develop
the softwareusingthe ESA software engineeringstandard We attendedtlassesn which the ba-
sicsof this standardvere presentedOneof the goalsof this softwareengineeringprojectwasto
getfamiliar with working accordingo a softwareengineeringstandard.

In the caseof our software engineeringproject, seniormanagementlecidedto usethe full
ESA softwareengineeringstandardyithout ary wealening. The developmenteamitself hadno
sayingwhatsoger on how the standardvasto be applied. It would have beenbetterto usethe
ESA lite for this project,becauséehe developmenteffort waslessthan2 monthsandthe number
of linesof codedid not exceed10.000.0nly the numberof projectmembersvastoo highto use
ESAlite. Theprojectwasalsosuitedfor anagileapproach.

In that projectwe experiencedhatthe ESA standardvastoo heary andcausedunnecessary
overhead.We werefocusingtoo muchon the processandtasksthat were purely relatedto the
process.Oneexamplewasextensve managemerand productdocumentationFurthermorethe
strictly de nedroleswereunnecessarfpr thesmallsizedandco-locatedievelopmenteam.How-
ever, oneof thegoalsof thecoursewasfor thedevelopmenteamdo gainexperiencavorkingwith
ahearyweightstandardFromthis pointof view, theeducationahspectmadetheprojectvaluable.

Eachphaseendedwith the delivery of one or more documentghat hadto be reviewed ex-
tensiely beforeits acceptance As a resultof delaysin the early phasesn which a lot hadto
be documentedndreviewed, we found oursehes shortin time for implementatiorandtesting.
Adding the dif culties of maintainingdocumentationn the implementationphaseand the lack
of time, morethan50% of the documentaverefound to be outdatedby thenendof the project.
Besideghelearningexperienceit is questionablevhethemriting thesedocumentsvasworththe
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effort for the projects end-product.

2.5 Agile Software Engineering

Agile software developmenttries to give an answerto the businesscommunityaskingfor more
lightweightdevelopmentprocessesKey elementof anagiledevelopmentprocessaresimplicity
andspeed.In areview andanalysisof agile software engineeringnethodshy Abrahamssomand
associatesa methodis de ned to beagilewhenthe softwaredevelopments [Abrahamssortal.,
2002]:

1. Incremental— smallsoftwarereleasesindrapidcycles.

2. Cooperative — the customeranddeveloperswvorking constantijtogethemwith alot of close
communication.

3. Straightforward —the methoditself is easyto learnandmodify.
4. Adaptive—enabledastmomentchanges.

It is acceptedespeciallywithin the agile community that agile denotesa way of thinking and
is not necessarilya x edmethod.In softwareengineeringagile processearelow-overheadpro-
cessethataccepthatsoftwareis dif cult to control. They minimizerisk by ensuringhatsoftware
engineergocuson smallerunitsof work, or focuson fewer, ratherthantoo mary, thingsatatime.
In generalagile processenposeaslittle overheadaspossiblein theform of rationale justi ca-
tion, documentationeporting,meetingsandpermission.Replacingoefore-theict permissions
with afterthe-factforgivenesss oneof thekey element®of reducingoverhead.Thekey principles
of agilemethodologiesidenti ed by Khan[Khan,2004],are:

Peopleoriented — People which arecustomersdevelopersandend-useraswell, arecon-
sideredthe mostimportantfactorof softwaredevelopment.

Adaptive — Proponent®f agile methodologiebelieve — andthusassume— thatchange
is inevitable. Peopledo changetheir mind, whetheror not they signeda contract. Thatis

why agile methodologiesvelcomechangeat every stageof a project. Adaptabilitymeans
beingableto quickly respondo changingconditions.This impliesthatcreatie peopleare
preferredo beinvolvedin the project.

Decentralizedapproach— Thedecision-makingrocesss decentralizedThis meanghat
the peoplethat are actuallywriting the codecanmale the nal decisions.This of course
doesnot meanthattechnicalpeoplecantake therole of the managemenpeople.Manage-
mentis still responsibldor generaldecisionsandmanagemergactiities. However, techni-
calexpertiseof thedevelopershasto berecognizedy managemenfThechainof command
— de ned asthenumberof persondetweerthe customeiandthe developers— shouldbe
minimal.

Limited size— Smallteamsarepreferredvhenanagile methodologyis applied.Occasion-

ally agile projectshave succeededvith somavhatbiggerteamsput in generalagility does
notwork with big developmenteams.
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Theprinciplesmentionedaborve canalsobeseenin table2.1thatshawvs differencedetweeragile
andhearyweightmethodologiesThe agile methodologywill be explainedby its historicalback-
groundandthe Agile Manifesto Theagilemovementde nesamanifestounlike thehearyweight
methodologyto identify processeasagile. Therefore the Agile Manifestowill be explainedin
detail,but no detailedexamplesof actualagile methodsaregiven.

2.5.1 Historical Background

Interestin agile methodologiehasblossomedn the last coupleof years. The roots howvever

go backto the early 1990s. Agile processesvolved as part of the reactionagainstthe existing

hearyweight processesTheseprocessesvere seenasbureaucraticslov, demeaningand most
importantcontradictedheway thatsoftwareengineersactuallywork. This hasbeenthe origin for

alot of discussiondetweerfollowersof agileandhearyweightsoftwareengineeringnethodolo-
gies,seefor examplethe two greatmethodologieslebategHighsmithetal., 2001,Highsmithet

al., 2002]thathave beenpublishedn the CutterIT Journal.

Exactlyfollowing a planwasno longerthe mostimportantgoal of a project. Satisfyingyour
customeratthetime of delivery— andnot atthe startof a project— becamanoreimportant.it
seemedo happerthatmajorchangesn therequirementsscope andtechnologyoccurredduring
the life spanof a project. Thesechangeswere often out of control of the developmentteam.
Traditionalapproacheassumedhat,by justtrying hardenoughjt would be possibleto createthe
setof requirement®arlyin advanceandthuseliminatethecostof change Nowadaysgliminating
changesarly meansheingunresponsie to actualbusinesschangeslt is, hovever, importantto
be carefulto retainquality whenembracingchange.The market demandsndexpectsinnovative
software of high quality meetingtheir needs,in aslittle time aspossible. Agile methodsarea
respons¢o this growing expectation.

2.5.2 Agile Manifesto

Thetermagilewasbornatameetingof seventeerpeoplewho gottogetheifor threedays,starting
on Februaryl1th 2001in The Lodge at Snawbird ski resortin the Wasatchmountainsof Utah
[Becketal., 2001, Theunissemtal., 2003]. Amongthosepeoplewererepresentatesof Extreme
Programming(XP), Crystal, FeatureDriven Development(FDD), SCRUM, Adaptive Software
DevelopmeniASD), DynamicSystem®evelopmentMethodology(DSDM) andPragmatidro-
gramming. All thesepeoplefelt the urgentneedfor a nev approachto software development,
rejectingthe traditional hearyweight document-dsien methodologies.Becauseof the opposite
natureof thesenew methodologiesthey were called “lightweight'. The goal of the attendees
of themeetingwasto nd commongroundbetweerthis diversity of lightweightmethodologies.
The resultof the meetingwas more thanthe attendee®xpected: not only a commonbasisfor
all thelightweightmethodologiesvasdiscoered,it wasconsideredxtensie enoughto form an
alliance.Thecommonbasisthey agreeconwaslaid down in amanifestahatwassignedby all at-
tendeesThey agreebntheterm agile' to classifythelightweightmethodologiesThe Manifesto
for Agile Softwae Developmentvasformulatedasfollows:

We areuncovering betterwaysof developingsoftwareby doingit andhelpingothers
doit. Throughthiswork we have cometo value:
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Individualsandinteractionover processeandtools
Working softwareover comprehense documentation
Customercollaborationover contractnegotiation
Respondingo changeover following aplan

Thatis, while thereis valuein the itemson the right, we valuethe itemson the left
more.[Becketal., 2001]

Memberghatsignthe Agile Manifestoadhereo thefollowing principles:

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

2. Welcomechangingequirementsvenlatein development Agile processebBarneshange
for the customers competitve advantage.

3. Deliver working softwarefrequently from a coupleof weeksto a coupleof monthswith a
preferencdo theshortertimescale.

4. Businesgeopleanddevelopersmustwork togetheraily throughouthe project.

5. Build projectsaroundmotivatedindividuals. Give themthe ervironmentandsupportthey
needandtrustthemto getthejob done.

6. Themostef cient andeffective methodof conveying informationto andwithin a develop-
mentteamis face-to-&cecorversation.

7. Working softwareis the primarymeasuref progress.

8. Agile processepromotesustainabledevelopment. The sponsorsdevelopers,and users
shouldbe ableto maintaina constanpaceinde nitely.

9. Continuousattentionto technicalexcellenceandgooddesignenhanceagility.
10. Simplicity — theart of maximizingthe amountof work notdone— is essential.
11. Thebestarchitecturesiequirementsanddesignsemepgefrom self-oganizingteams.

12. At regular intenals, the teamre ects on how to becomemore effective, thentunesand
adjustgts behaior accordingly

Fromtheseprinciplesit clearlyemepgesthattherearetwo basicimportantconceptsworking
codeand peopleworking effectively together see[Highsmith and Cockturn, 2001a,Highsmith
andCockhurn, 2001b]. Working codeis a measuremerfor the developersandcustomer®f what
hasalreadybeendoneand moreimportantwhat still hasto be doneto meetthe expectationsof
the customerNo matterwhetherthe codewill be deletedor modi ed, it is alwaysreal.

Almostall methodologieprovide inclusie rules:thingsthatcould possiblybedoneunderall
situations. This oftenresultsin a far too big list of thingsthat may not or mustbe done. Agile
methodson the otherhandtry to offer a minimum setof generatie rules,which describethings
thatmustbedoneunderall circumstancedJsingthis smallsetof principles,appropriatgractices
for specialsituationscanbe generatedinclusive rulesdescribesomeoneswn interpretationon
practicesand conditionsin all differentkind of situations. This of courseis subjectto changes
in time andthereforeis doomedto becomeincomplete. Generatie rules, however, needto be
interpretedby eachindividual adheringto theserules, which requirescreatvity to nd waysto
solve the problem. Creatvity — andnot an extendedsetof written rules— is the bestway to
manageompl softwaredevelopmentproblemsn adiversity of situations.
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2.5.3 Experiencewith Agile

Our rst experiencewith a software engineeringorocessvas, asdescribein Section2.4.2,with
the ESA software engineeringstandardduring a software engineeringorojectat the TU/e. The
ESA standards obviously a hearyweightprocessWe experiencedt asheavy, but atthattime we
hadno knowledgeof the existenceof lightweightor agile methodologiesWe foundthatwe were
writing alot of documentationandthatthefocuslied too muchonthe processtself insteadof the
actualproduct.

For the componentevelopmentprocesswe startedoff with the ESA software engineering
standard We wantedto addmore structureto the developmentof the componentandwe chose
the ESA standardpecauseve only had experiencewith that standard. To lighten the process,
we switchedto the ESA lite standardEuropeanSpaceAgeng/, 1996], insteadof the full ESA
standard We decidedto distill the ESA lite standardo a customizedrersionfor the component
developmentprocessTheresultingprocesss describedn Chapterd.

After studyingthe agile movement the similaritieswith our customizegrocesdecamevisi-
ble immediately We originally did not designthe procesgo be agile, but the processdoesful |l
thevaluesandprinciplesde ned by the Agile Manifesto,seeChapter.

2.6 The Open Source Software DevelopmentModel

Opensourcesoftware shavs that reliable, high quality software may be producedquickly and
inexpensvely. A lot of reportsthat have beenpublishedtendto be someavhat evangelical,con-
centratingon the genuinesuccesstoriesassociatedvith the opensourceapproachFeller and
Fitzgerald,2000]. Recently quantitatve analyzesandempiricalstudiesareconductedn the sub-
ject of opensourcesoftware engineering.The main questionis: “Can the opensourcesoftware
developmentmodelbe classi ed assoftware engineering?”"To answetthis question, rst a short
historyandexplanationof opensourcewill bediscussed.

2.6.1 Historical Background

Althoughthetermopensourcewasonly recentlycoined,freesoftwarehasalong history Perens
summarizeshehistory of opensource:

“When computersrst reacheduniversities,they wereresearchools. Softwarewas
freely passedroundandprogrammersverepaidfor theactof programmingnotfor
theprogramghemseles. Only lateron, whencomputerseachedhe businessvorld,
did programmerbeagin to supporthemselesby restrictingtherightsto their software
andchagingfeesfor eachcopy. FreeSoftwareasapolitical ideahasbeenpopularized
by RichardStallmansince1984,whenheformedthe FreeSoftwareFoundatiorFree
SoftwareFoundation2004a]andits GNU's Not Unix (GNU) project[FreeSoftware
Foundation,2004c]. Stallman$ premiseis that peopleshould have more freedom
andshouldappreciateheir freedom.He designedh setof rightsthathefelt all users
shouldheave, and codi ed themin the GNU GeneralPublic License(GPL) [Free
Software Foundation 2004b]. Stallmanpunninglychristenedhis licensethe copyleft
— "all rightsreversed'— becausét leavestheright to copy in place’ [Perens,1999]



CHAPTER 2. AN INTRODUCTION TO SOFTWARE ENGINEERING METHODOLOGIES 16

Whereproprietarycommercialsoftware vendorssav an industryguardingtradesecretghat
mustbetightly protected Stallmansav scienti ¢ knowledgethat mustbe sharedanddistributed
[DiBonaetal., 1999]. Thescienti c methodrestson a procesf discorery andjusti cation. For
scienti ¢ resultsto be justi ed, they mustbe replicable. Replicationis not possibleunlessthe
sources sharedthehypothesisthetestconditions,andtheresults.Only by sharingsourcecode,
peersareenabledto replicateresults. To demonstrateéhe validity of a programto someonehe
or shemustbe provided with the meansto compile and run the program. Hence,sourcecode
is fundamentato the furthering of computerscienceand freely available sourcecodeis truly
necessaryor innovationto continue.

TheFreeSoftwareFoundatiorpolicy is stronglyideologicalandgiventheidealismof suchor-
ganizationjt is deemedo beanti-commerciahndhostileto ary pro t motive [FellerandFitzger
ald, 2000]. When Stallmanis talking aboutfree software, he is actuallytalking aboutfree asin
libertas e.g. free speechandnot freeasin gratis, e.g. free beer This radicalmessagéthe free-
dom part, not the beerpart) led mary software companiego rejectfree software outright. After
all, they arein the businessof makingmoney, not addingto the body of knowvledgeof the free
softwarecommunity[DiBonaetal., 1999].

In the springof 1997,a groupof leaderdn the free software communityassembled
in California. This groupincludedEric Raymond,Tim O'Reilly, andVVA Research
presidentarry Augustin,amongothers.Their concernwasto nd awayto promote

theideassurroundingree softwareto peoplewho hadformerly shunnedheconcept.
They wereconcernedhatthe FreeSoftwareFoundations anti-businessmessagavas

keepingtheworld atlarge from really appreciatinghe power of free software.

At Eric Raymondsinsistencethegroupagreedhatwhatthey lackedin largepartwas
a marketing campaigna campaigndevisedto win mind share,andnot just market
share. Out of this discussioncamea new termto describethe software they were
promoting: opensource. A seriesof guidelineswere craftedto describesoftware
thatquali ed asopensource.... The OpenSourceDe nition (OSD)allows greater
liberties with licensingthanthe GPL does. In particular the OSD allows greater
promiscuitywhenmixing proprietaryandopensourcesoftware.[DiBonaetal., 1999]

A well known disputein the opensourcecommunitywasgoingon latein 1998.1n anaimto
build anobject-orientediesktopinterface, Troll Technologys Qt library — a proprietarypieceof
code— wasusedin the K DesktopErnvironment(KDE) project.Beforethe presencef the OSD,
Troll Technologywould have hadto choosebetweenapplyingthe GPL to Qt andmaintainingit
proprietary With the new de nition of opensource however, Trolltechwasableto drav uptheQ
PublicLicense(QPL) license[TrolltechAS, 2004] meetingthe OSD, but still giving themcontrol
overthetechnologythey wanted.

2.6.2 The Open Source De nition

Opensourcesoftwareis characterizedby several differencego traditionalsoftware development
anddistribution. The OSD [Perens1999], articulatedby the OpenSourcelnitiative (OSI)!, is a

1Opensouceis acerti®cationmarkownedby the OSI (http://www.opensou  rce .or g)
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bill of rightsfor the computeruser It de nes certainrightsthata softwarelicensemustgrant,to
becerti ed asopensource:

Theright to make copiesof the program andredistrilute thosecopies.

Theright to have accesgo the software’s sourcecode,a necessarpreliminarybeforeyou
canchanget.

Theright to make improvementgo the program.

Theserights areimportantto the software contrikutor becausehey keepall contritutors at the
samelevel relative to eachother PerendPerens 1999] arguesthatthe reasorfor the succes®f
this somavhat communist-soundingtratgy, althoughthe failure of communismitself is visible
aroundtheworld, is thatthe economicof informationarefundamentallydifferentfrom thoseof
otherproducts.Nowadays— in our westernizedvorld — thereis very little costassociateavith
copying a pieceof informationlike a computeprogram.ln comparisonyou cant copy aloaf of
breadwithouta poundof our.

The OSD s not a licenseitself; a speci ¢ licensecancomply to the OSD or not. Whena
pieceof softwareis releasedindera licensethat satis esthe OSD, the software may be called
opensource. The canonicalversionof the OSD canbe found at [Open Sourcelnitiative, 2004].
Examplesof opensourcecompliantlicensesarethe GPL andLibrary GPL (LGPL) license,the
Mozilla Public License(MPL) andthe X Licensewith relatedBerkeley Software Distribution
(BSD)andApachelicenses.

2.6.3 Open Source Software Engineering

Canopensourcebeclassi edasSoftwareEngineeringAnd if so,is it ahearyweightmethodan

agile methodor a methodon its own. In the pastcoupleof yearstherehasbeena lively debate
aboutopensourceas software engineeringwith mary publicationson the topic of opensource
softwareengineeringRobbins,2003,Vixie, 1999,Koch,2004,FellerandFitzgerald,2000,Koch

andSchneider2000,Reisandde MattosFortes,2002,Browne, 1998]. Vixie [Vixie, 1999]tried

to analyzewhetherthe processof developing opensourceprojectscan be marked as software
engineering. Koch has publishedan article aboutthe relation betweenagile and opensource
[Koch,2004].

Opponentof opensourceoftenusetermslike covboy coding,unplannedandundisciplined
hackingor similar terms. Many of theseargumentsoften arefacedby agile development.Vixie
claimsthat software engineerings “a wider eld thanwriting programs”. The seminalmoment
whena developerchangedrom programmerinto softwae engineeris whenherealizesthaten-
gineeringis a eld andthat heis ableto enterthat eld. But enteringthe eld will requirea
fundamentallydifferentmindsetandalot morework. Vixie identi es theelementsn theprocess
of engineeringas:

1. Identify therequirements.

2. Designasolutionthatmeetgtherequirements.
3. Modularizethedesign;plantheimplementation.
4. Build; test;deliver; support.
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Engineeringis anold eld, andtheseelementsot only apply to software engineeringspeci -
cally. Vixie analyze®pensourcesoftwaredevelopmentaccordingo thesedifferentphasesto see
whetheropensourcesoftwaredevelopmentcanbe quali ed assoftwareengineering.

Opensourcedeveloperstendto starta projectfor a pieceof softwarethey wishthey had. The
requirementsareoftennaileddowvn onaUsenetiscussiorforumor via mailinglists. Nonetheless,
thereis a clearprocesof ngyotiationgoing on amongstdevelopers.The designoftenis implicit
andevolvesin the procesof implementation.A written down versionof the designis rare, but
usuallythereis a systemdesignof the software. A detaileddesignis not very common,the code
tendsto be the detaileddesignin opensourcesoftware. A lot of good and otherwisereusable
codegetshiddenthis way. Although different APl documentatiorsystemsare developed,they
arestill notvery commonin the opensourceworld. Theimplementatiorphases the phasewhat
opensourcedevelopments all about. The opportunityto write codeis the primarymotivationfor
practicallyall opensourcesoftwaredevelopmenteffort ever expended.Theway opensourcesoft-
wareis testeds uniquein its eld. While the softwareis beingdesignedandbuilt, experienceof
end-usersarereportedbackwheneerthesoftwareis used.In addition,anothermdwantagesnjoyed
by opensourceprojectsis the peerreview of dozensor hundredsof otherprogrammers$ooking
for bugsby readingsourcecoderatherthanjust by executingpackagedoftwareexecutablesThe
supportof opensourcesoftwareis ratherchaotic. This cankeepsomeusersfrom beingwilling
(or able)to run unfundedopensourceprogramsput it alsocreatesopportunitiesfor consultants
or softwaredistributorsto sell supportcontractsor enhancear commercialversions.More and
morecompaniesuccessfullytake this opportunity

The conclusionof this analysisis that opensourcesoftware developmentcan be software
engineering An exampleis the Mozilla projectwhich accordingto this analysisandtheresearch
by ReisandFortes[Reis and de Mattos Fortes,2002] canbe marked as an exampleof anopen
sourcesoftware engineeringproject. Generallyopensourcedevelopersoften succeedor mary
yearsbeforethe differencebetweenwriting a program and software engineeringnally catches
up with them.

If opensourcecanbe quali ed as software engineeringthe questionremainswhetherit is
hearyweight, agile or a methodologyon its own. Thereis an ongoingdiscussioron this topic.
RecentesearchKoch,2004]hasshavn thattherearesimilaritiesbetweeragileandopensource
development. Additionally, empirical datasupportsthesesimilaritiesin the emphasin highly
skilled individuals at the centerof a self-oganizingdevelopmentteam,the acceptancendem-
braceof changeby usingshortfeedbackoopsandfrequentrelease®f code,andcloseintegration
with customerandusergKochandSchneider2000]. However Cocklurn [Abrahamssoret al.,
2002] notesthat opensourcesoftware developmentdiffers from the agile developmentmodel
in philosophical,economicalndteamstructuralaspects.Philosophicallyandeconomicallythe
opensourcesoftwaredevelopmentmodelis basedn idealisticbeliefs. The opensourcesoftware
developmentmodeldiffersfrom theagile developmentmodelin teamstructuralaspectsonsider
ing theteamco-locationandpersonatontactdemandedby agile development.Theresultsof this
researchndicatethatthe opensourcedevelopmentprocesscannotbe quali ed asa hearyweight
methodologybecausef the closeintegrationof customerandusersandembraceof change.

The software developmenttools [Robbins,2003] usedin the processare anotherkey factor
in the opensourcesoftware model. Thereare several commonpracticesthat canbe found in
mary opensourceprojects. The mostwidely adoptedopensourcesoftwareengineeringoolsare
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the resultof thesepractices. The featuresof thesetools areaimedat somekey practicesof the

opensourcemethodologyandhenceessspeci cally aimedat the commonsoftwareengineering
practices.Theaspecbf toolsin uencing the developmentprocessis oneof theimportantissues
thatwill bediscussedn this dissertationChapter3 will describeheimportanceof toolsin more

detail. Theopensourcedevelopmentmodelis oneof akind in this regard.

It canbeconcludedhatthe opensourcesoftwaredevelopmentmodelshawvs similaritieswith
the agile developmentmodel, andtools play an importantrole in the opensourcedevelopment
process.Becauseno empirical dataexist whetherthe opensourcesoftware developmentmodel
canbequali ed asagile,wewill treatit is a separatenethodology

2.6.4 PersonalExperienceswith Open Source

In thesoftwareengineeringrojectsthatincludedtheauthorsasteammembersmuch— andoften
only — opensourcesoftware wasused. Both authorshave gainedmuchexperienceusingopen
sourcesoftware engineeringools. Examplesof opensourcetools we usefrequentlyandtools
thatwe have usedin the pastarenumerousincluding bash,ConcurrentVersionsSystem(CVS),

GNU's autoconfandautomale, malke, IATEX, MetaPost, gcc,to namea few. Zwartjeshasbeen
working with Linux startinglate 1998, usingit ashis base(development)platform startingfrom

around2000.VanGeffen hasbeenanactive Linux userfrom around2000.

Recentlybothconvertedto the GentooLinux Distribution andareactve memberof the Gen-
too community throughrunning the unstable(testing)versionof the systemand reportingand
xing bugstherein. Zwartjesstartedan opensourceprojectcalled GTK DevelopmentEnviron-
ment(GDE) in October2000, that aimedto be an IntegratedDevelopmentErvironment(IDE)
framewvork aroundcommonlyusedtools. Thisway he had rst handexperiencewith opensource
developerparticipation;mary peoplesubmittedoug x esandextra features.Unfortunately uni-
versityprojectsandexamstook moreandmoretime andleft GDE unmaintainedour monthsafter
it wasborn. After the acquisitionof a new laptop,Zwartjesalsojoinedthe ACPI4Asusteamfor
awhile, to supportthe developmentof the AdvancedCon guration and Power Interface (ACPI)

driverfor Asuslaptops.

Opensourceoffers a hugepool of software that can be usedfreely andthatis a valuable
resourcavhenthetoolsfor aprojectarechosenln Chaptel5 theselectiorof softwareengineering
toolswill be discussedindsomeof the frequentlyusedopensourcesoftware engineeringools
will be highlighted. The proposalfor a methodfor the developmentof software componentsin
Chapterd, hassomein uencesfrom the opensourcemodelaswell.

2.7 Methodology Selection

Khansummarizeshe key differencedetweerhearyweight methodologiesndagile methodolo-
gies[Khan, 2004],illustratedin Table2.1. An additionalrow is includedthatshavs thedifference
in chainof command.The basicdifferencebetweeragile andhearyweight methodologiess the
weight Proponent®f agile believe thatyou cannotachiere agility with heariness. Somecritics

2More preciselythetetex distribution, includingboth IATEX andMetaPostaimsto bethe TEX systemthatconsists
of only free software.
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Agile methodology

Heavyweight methodology

Approach Adaptive

Predictve

Successneasuement Businesyalue

Conformatiorto plan

Project Size Small

Large

Managementstyle Decentralized

Autocratic

Perspective to change Changeadaptability

Changesustainability

Culture Leadership-collabation Command-control
Documentation Low Heavy

Emphasis People-oriented Process-oriented
Cycles Numerous Limited

Domain Unpredictableandexploratory Predictable
Teamsize Smallandcreatie Large

Upfront planning Minimal Comprehense
Return oninvestment Earlyin theproject Endof the project

Chain of command Minimal

Considerable

Table2.1: Differencesetweeragile and heavyweightethodolgies
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Agile method

Heavyweight method

Obijective

Rapidvalue

High assurance

Scope(requirements)

Subjectto changeuncertain,
largely emegentunknavn

Well known, largely stable

Resources(money;
infrastructur e)

Uncertainbudget,money tight

Sufcient budget

Time Unclearandnotwell de ned Clearandde ned milestones
milestones
Risks Unknown risks, majorimpact Well understoodisks, minor

new technology

impact

Ar chitecture

Designfor currentneeds

Designfor currentandfuture
needs

Developers Agile, co-locatedcollaboratve  Process-orienteédequately
skillful
Customers Collaboratve, dedicated¢o- Knowledgeablerepresentatk,

located knowledgeable collaboratve

Refactoring, Cost of
change

Inexpensve Expensie

Table2.2: Whento usean agile or heavyweightethodolgy

referto agile asa hackingapproach.They claim that agility is anotherfangy andad-hochame
for lack of planning. However, thereis someplanning— thoughlimited — involved. Therea-
sonfor the limit is thatit is hardto predictthe future,andif the futureis goingto change why
plantoo much? Planninglesscanbe a goodapproachn extremesituations,but in a predictable
environment,it might not deliver thedesiredresult.

Someof the limitations of agile approachesireteamand projectsize. It is hardto create
large agile teams,sincethesemethodshewily rely on collaborationand creatvity amongteam
members. Furthermore agile methodsare aimedat early return on investment. The standard
for successn anagile methodologyis early andcontinuousdeliveranceof working featuresand
software. In contrasthearyweight methodologieslependor a greatamounton documentation,
upfrontplanning,andcloseconformanceo plan.

Anotherdifferences theway softwareis developed.In anagile method softwaregrows with
eachiteration. Eachiteration addsextra value to the nal productthatis to be delivered. In
contrary hearyweight methodstry to formulateall requirementsn advanceandthenbuild and
testtheapplicationagainsthe speci cations.

Table 2.2 enumerateindicationsto choosefor an agile or hearyweight method. This table
wasalso rst publishedby Khanin [Khan, 2004]. It is goodto realizethatthe indicatorsin the
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Figure 2.1: Correlation betweerproblemsize numberof peopleand methodolgy. Thevertical
linesdenotethe maximunproblemsizefor the speci c methodolgy.

tableareall valuesat the far endof a spectrum.In practice,you will probablyhave to dealwith
valuesthataresomeavherein betweenof thoseextrema. In mostcasesit will not be possibleto
saywhetheryou needan agile or hearyweight method. All factors,howvever, will contrikute to
your nal answeronhowagile or heavyweighyour methodologyis or hasto be.

Alistair Cocklurn hasdescribedfour principlesfor methodologyselectionin “Selectinga
Projects Methodology”[Cocklurn, 2000]:

Principle 1 — A largergroupneedsalargermethodology

Principle 2 — A morecritical system— onewhoseundetectediefectswill producemore
damage— needsnorepublicly visible correctnesggreaterdensity)in its construction.

Principle 3 — A relatively smallincreasén methodology size' or densityaddsa relatively
large amountto the projectcost.

Principle 4 — The mosteffective form of communicatior(for transmittingideas)is interac-
tive andface-to-ce,asatawhiteboard.

Oneof the reasondo usea methodologyis to coordinatepeople. This canbe usedto explain
the rst principle. The larger the group, the larger (or more hearyweight) the methodology A
methodologyfor a smallteamshouldnot be expectedto work properlyfor a big teamandvice
versa. More peoplerequiresmoreweight. Figure 2.1 illustratesthis relation betweenproblem
size,numberof peopleandmethodologyoriginally dravn by Cocklurn [Cocklurn, 2000]. Note
thattherecanbe a limit for a methodologyon the size of a problemthat canbe solved within
reasonabléme. A problemwith this principleis thefactthatno reliableway existsto determine
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the problemsizeat the startof a projector the numberof peoplethatareneededo solwe it. The
numberof peoplecanvary for the sameprojectdependingnwhich peoplearein theprojectteam.

Thesecondgrincipleexplainstherelationbetweerthecriticality of thesoftwareandtheweight
of the methodology Cocklurn names4 levels of criticality in termsof losszonesndicatingwhat
getslost whenthe systemdails: (1) lossof comfort, (2) lossof discretionarymongy, (3) lossof
irreplaceablemongy, and (4) lossof life. Every next level is more critical thanits predecessor
Obviously, amore ne-graineddistribution of levelsis possible. Thecriticality is anindicationfor
theamountof weightin amethodology

The third principle statesthatincreasingthe methodologywith a relatvely smallamountin
size,addsa relatively large amountto the costsof the project. Note that this principle doesnot
judgethefactwhetheror not suchanadditionto the methodologyis usefu) it only pointsoutthe
costof addingelementsaandcontrolto the methodology “A pausein the developmentprocesdo
coordinatewith otherpeopledoesnot only costtime but also concentration.Updatingrequire-
ments,design,andtestdocumentss alsotime consuming. With lessweight, peoplecanwork
with moreproductvity. Thecurrenteconomicsituationandits impacton the availablebudgetfor
softwaredevelopmentprojectscausedhecosteffectivenesso becomeoneof the mostimportant
factorsof a project.In businessthisis mainly thereasorwhy agile maybe preferred.

Thelastprincipleis aboutthe communicatiorbetweerpeople.Communicatiorbetweerpeo-
ple is mosteffective whenit is frequent,face-to-ce andinteractve [Cocklurn, 2000]. If pro-
ductivity andcostof theprojectareimportantissuesthenamethodologyshouldemphasizemall
groupsandclosecontactwithin a groupandbetweengroups. “Peoplethat are sitting neareach
other with frequenteasycontactwill develop softwaremoreeasily;thatis, the softwarewill be
lessexpensve to develop!

In additionCockhurn addresseswo extra factorsthatmay in uence the choicefor whatever
methodologyis appropriate:(1) the projectpriorities, and (2) the methodologydesigners pecu-
liarities. “It mattersgreatlywhetherthe projectsponsorsor customersvantto have the software
soon,wantit defectfree,or wantto have theproceswisible. Eachprioritizing producesadifferent
recommendatioh.Understandingf theseprioritiesis rarely easy The secondfactorcanbe ex-
plainedby meanf thephrase!All methodologys basednfears. Althoughit hasinitially been
saidby KentBeckin adismissve way, it hasneverthelessurnedoutto berelevant. Eachelement
in the processor methodologycanbe consideredh preventive measureagainsta badexperience
someprojecthashad. “Afraid thatprogrammersnake mistales?Hold codereviews. Afraid that
designerwill leave in themiddle of a project?Have themwrite extensve documentatiorasthey
proceed. Soif the designerf somemethodologywould or could expressits fearsandwishes,
muchof the designof the methodologywould becomemmediatelyapparent.

2.8 Processand People

Anotherimportant— if notthemostimportant— issuewith asoftwareengineeringprocesss the
personghathave to adhereto it. Cocklurn andHighsmithaddresseveralfactorsin their article
on the in uence of the humanfactorin an agile software developmentervironment[Highsmith
andCockhurn, 2001b].“If the peoplein a projector developmenteamaregoodenoughthey can
usealmostary processaandaccomplishtheir assignmentlf they arenotgoodenoughno process
will repairtheirinadequag” However, a developmentteamdoesnot always consistof the best
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developersavailable. A processwill notrepairinadequaciedyut shouldguideandbring out the

bestin people. They continue: “An agile processequiresresponsie peopleand organizations.
Agile developmentfocuseson the talentsandskills of individualsand moldsprocesdo speci c

peopleandteams,not the otherway around. Michael Jacksormagni cently pointsout a truth

aboutthe humanfactorin softwaredevelopmentgentitledBrilliance:

Someyearsagol spenta weekgiving anin-houseprogramdesigncourseat a man-
ufacturingcompan in the mid-westof the United States.On the Friday afternoonit
wasall over. TheDP Managerwho hadarrangedhe courseandwaspayingfor it out
of his budget,asled meinto his of ce.

“What do you think?” he asled. He wasaskingmeto tell him my impressionsf
his operationand his staf. “Pretty good; | said. “You've got somegood people
there. Programdesigncoursesarehardwork; | wasvery tired; andstaf evaluation
consultang is chaged extra. Anyway, | knew he really wantedto tell me his own
thoughts.

“What did you think of Fred?” he asled. “We all think Freds brilliant.” “He's very
clever” | said. “He's not very enthusiasti@boutmethods but he knows a lot about
programming. “Yes, saidthe DP Manager He swiveledroundin his chairto facea
huge o wchartstuckto thewall: about ve large sheetof line printerpaper maybe
two hundredsymbols,hundredsf connectindines. “Fred did that. It's the build-up
of grosspay for our weekly payroll. No one elseexceptFredunderstandg.” His

voice droppedto a reverenthush. “Fred tells me thathe's not surehe understand#

himself!

“Terric,” | mumbledrespectfully | got the pictureclearly FredasFranlenstein,
Fredthe brilliant creatorof the uncontrollablenonster o wchart. Thatmatchedmy

own impressionof Fredvery well. “But whataboutJane?”| said. “I thoughtJane
wasvery good. Shepicked up the programdesignideasvery fast!

“Yes, saidtheDP Manager“Janecameto uswith agreatreputation Wethoughtshe
wasgoingto beasbrilliant asFred. But shehasnt really proved herselfyet. We've
given her a few problemsthatwe thoughtwere going to be really tough, but when
she nished it turnedout they werent really dif cult atall. Most of themturnedout
prettysimple.Shehasnt really proved herselfyet— if you seewhatl mean?”

| sawv whathemeant.[Jacksori,995]

2.9 Conclusion

Softwareengineerings a eld thatexistsfor somedecadesiow, andhasemegedinto a widely
usedand debatedexercisein software development. Three main trendshave evolved: heavy-
weight,agile,andopensourcesoftwareengineeringAll of which have somesimilarities,but also
have their own peculiarities. Which one shouldbe usedfor a project? The hearyweight propo-
nentswill claim thatyou shouldalways usesomeprocessand bewvare of unplannechackingor
cowboy coding. The agilemavementwill try to corvince you to stopthe tediousdocumentation
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andfocuson the software. The opensourcedeveloperswill wantyou to give themthe codeso
they canjoin andhelpdeveloping.

The choice of methodologydependsheavily on the projectitself, the team members,and
managementn businesscostminimizationis oftenthe mostimportantfactor Hearyweightpro-
cessesredesignedo standardizgpeopleto the organization put agile processearedesignedo
capitalizeon eachindividual andeachteams uniquestrengthgHighsmithandCocklurn, 2001b].
Therationaleof choosinga methodalsolies in the natureof the project. For example,if a mal-
functionof the softwarethatis to be developedcanresultin lossof life, morevisible correctness
is desired.On the otherhand,the developmentof a freely accessiblénternetinformationsystem
doesnotrequiresubstantiaVisible correctnessWithout theresource$or a projectteam,it might
be suitableto searchfor volunteerson the internet,and startan opensourceproject. In the pre-
vious sectionswe have elaboratedhe propertiesof thethreemovementswhich canbe usedasa
basefor theselectionof amethod.

In the end, peopleare one of the mostimportantfactorswithin a developmentervironment.
It is the peoplethathave to do the nal job, independendf whatkind of methodologyis applied.
Rolesof peoplecanhowever differ in differentprocessesDifferentmethodologiesnay differ in
theway how they utilize the skills of the peoplethatareinvolved. Consideringhis humanfactor
in asoftwareengineeringprocessthe choiceof procescanbevital for a project.






Chapter 3

The Importance of Toolsin a
DevelopmentProcess

A really powerful tool changesits user— Donald E. Knuth

The previous chaptelintroducedsoftwareengineeringnethodologyandprocessesndillustrated
therelationbetweemrocessandtoolsin the opensourcedevelopmentmodel. Thisrelationis not
only presenin opensourcetoolsareimportantin every softwareengineeringprojectandthusin
every software engineeringorocess.This chapterdiscussesvhat software engineeringools are,
the historicalbackgroundf tools,andintroduceswhy, how, andwhento ef ciently usesoftware
engineeringools. Especiallytherelationbetweerthedevelopmentprocessandtoolsis important
in this regard. The selectionof a satishctory setof tools— anotherimportantissueconcerning
software developmenttools — is describedaswell. Commonlyusedtools are cateyorizedand
nally ourexperiencewith softwareengineeringoolsis includedin this chapter

3.1 Intr oduction

Toolsareasold ascraftsmanshipln the PragmaticProgrammer HuntandThomaspoint out the
analogywith craftsmen!Every craftsmarstartshis or herjourney with abasicsetof goodquality
tools. A woodworker might needrules,gaugesa coupleof savs, somegoodplanes, ne chisels,
drills andbracesmalletsand clamps. Thesetools will belovingly chosenwill be built to last,
will performspeci c jobswith little overlapwith othertools, and, perhapamostimportant,will
feelrightin the buddingwoodworker's hands’[Hunt andThomas,1999].

A softwaretool is acomputemprogramthatsoftwaredevelopersuseto helpcreateor maintain
otherprograms.Theterm mostcommonlyrefersto relatively simple programsthat canbe used
togethetto accomplishatask.In otherwords,it is apieceof softwarethatcanbe usedto develop,
test,analyze or maintaina computerprogramor its documentationSoftwaredevelopmenttools

27
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canthus enhancehe developmentprocesshy assistingdevelopersthroughthe compleities of
moderrsoftwaredevelopmentndby automatingediousasks.More largescaleexamplesnclude
supporffor automatedbuilding, logging,con gurationmanagementeplo/ment,monitoring,bug
trackingandteamcollaboration— all aspectof an enterprise-scaldevelopmenteffort that are
foundto beessentiaby practitionerdout areoftenngglectedby the IDEs thataresopopulartoday
Many programmersiovadaysonly adopta singlepower tool, mostlya particularlDE.

Besidesthesepowertools,a lot of smallertools exist, that are designedor a more speci c
need. Thesetools areaimedat doing only a speci ¢ taskandaredesignedo be very goodat it.
By usingonly anIDE, a developeris missingout on the full capabilitiesof the ervironment,for
example,versionmanagementand automaticdeployment. Tools that supporta developerwith
suchtasksareavailable.FortunatelysomemoderniDEs have built-in functionalityfor third party
tools or functionality to supportexternalthird party tools. However, thesefeaturesarestill rare
andin an early stageof developmentand a tool often hasto supporta speci c interfaceto be
incorporatednto anIDE.

Tool choicetoday can be bewildering. Software developmenttools are abundant. Besides
the large numberof tool vendors,the opensourcecommunity[Moody, 2002, Raymond,2001,
TorvaldsandDiamond,2002] hasbeenproli ¢ in this regardaswell [Robbins,2003]. However,
the available tools are varied in their approachestheir supportfor critical aspectsof different
developmentmethodologiesandtheir ability to work togetherasa cohesie set. Becauseopen
sourcesoftwareis freely availableandthe numberof opensourcedevelopmentoolsis large and
still increasingopensourcesoftwareis a valuableresourceo choosefrom. In addition,thereis
anincreasingnumberof industryexamplesthat chooseopensourcetoolsin favor of proprietary
tools.

In this procesof opensourcesoftwareadoptionin industry softwaredevelopmentoolsoften
leadtheway. Findingthe opensourcetoolsto be generallyfocusedandusefulin speci c areas,
developersusethemin a developmentool belt, or to complementhe traditionaltool setspur
chasedrom vendors.Theopensourceapproactof courseholdsbothpromiseandrisks[Torvalds
andDiamond,2002].

Besidesspeci ¢ opensourceprojects,mary software businessesoncentratesolely on the
developmentof toolsaswell. In contrastwith opensourcetools, proprietarytools are often not
smallapplicationghatfocuson a speci ¢ task, but a workbenchincluding severaltools moreor
lessworking togetheras a bigger more generaltool. Proprietaryapplications,often are easier
to install and learn, provide a userwith more supportand have a comfortableGraphicalUser
Interface(GUI). But, asthey areproprietary a price mustbe paid for theseextras. Costlytools,
however, do not producebetterdesigns. Tools shouldbe judgedon their merits, not basedon
vendorhype,industrydogma,or theauraof the pricetag[Hunt andThomas,1999].

3.2 Toolsand Process

As earlyas1975,Brookswritesaboutsharptoolsin his classicthe Mythical Man Month [Brooks
Jr., 1995]. In his sugical teamBrooks reseres one of the membersas a toolsmith. Sincethe
existenceof programmingools exist in supportingthe actof programming.Lik ewise sincethe
existenceof softwareengineeringtoolsemepgedto supportthe procesof softwareengineering;
anongoingchallengeacingthis professioris the needfor averagepractitionergo adoptpowerful
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softwareengineeringools. Startingwith the emepgenceof softnareengineeringasa eld of re-
searchincreasinglyadwancedoolshave beendevelopedto addresshedif culties of softwarede-
velopment.Often,thesetoolsaddressethe accidentallif culties of developmentbut somehave

beenaimedat essentiadif culties suchasmanagemendf compleity, communicationyisibility

andchangeabilityBrooks Jr., 1995]. Theterm ComputerAided Software Engineering(CASE)
wasintroducedin the'70s for thetoolsto speedup the software systembuilding process:a nen

generatiorof toolsthatapply hearyweightengineeringprinciplesto thedevelopmentandanalysis
of softwarespeci cations.

The SEI de nes CASE as “the useof computetbasedsupportin the software development
proces$. This de nition includesall kinds of computetbasedsupportfor ary of the managerial,
administrate, or technicalaspectof ary part of a software project. Accordingto the SEI, the
history of CASE toolslies in a broademotion of software development. Software development
cameto beviewedasa large-scaleactivity, which resultedn awide rangeof supporttoolsbeing
developed.The rst generatiorCASEtoolsconcentratedn the automatiorof isolatedtasks.To
more effectively supportthe developmentprocessthe individual tasksof the isolatedtools are
betterto beintegratedinto a CASEtool ervironment The SEl de nesa CASE environmentas“a
collectionof CASE tools and othercomponentsogetherwith anintegrationapproachthat sup-
portsmostor all of theinteractionghatoccuramongthe ervironmentcomponentsandbetween
the usersof the ervironmentandthe environmentitself” The critical partis the facilitation of
interactionof thetools: the gluebetweertools.

Otherauthorshave attemptedo make ner graineddistinctionsbetweerdifferentclasseof
CASE tools. An exampleis the distinction betweenthosetools that are interactve by nature
(suchasa designmethodsupporttool) andthosethat are not (suchasa compiler). The former
classaresometimesdenti ed asCASEtools. Toolsfrom thelatter classarecalleddevelopment
tools. Unfortunately thesedistinctionsare often problematic. In the example, it is dif cult to
give a simple and consistente nition of interactive thatis meaningful. Therefore,in this text
no distinctionbetweenclasse®f toolsis made.In this documentthetermtool is reseredfor a
computerprogramfor software developersto help createor maintainotherprogramsandhence
includesCASEtoolsaswell. A tool ervironmentis a setof severaltoolsgluedtogether

Theroadmapfor software engineeringools andervironmentsby Harrison,Ossherand Tarr
stateghatmodernsoftware engineeringcannotbe accomplishedvithout reasonabléool support
[Ossheret al., 2000]. The roadmapcontinues:“Competitionis keenthroughoutthe computer
industry andtime to market often determinesuccessThereis, therefore mountingpressureo
producesoftware quickly andat reasonableost. This usuallyinvolves somemix of writing new
softwareand nding, adapting.andintegratingexisting software. Tool andervironmentsupport
canhave adramaticeffect on how quickly this canbe done,on honv muchit will cost,andonthe
quality of theresult! More important,“[the tools] often determinewhetherit canbe doneatall,
within realisticeconomicandotherconstraintssuchassafetyandreliability.”

Thehistoryof atool ervironmentstartswith a smallcollectionof stand-alon¢oolsthatcanbe
usedin alooselycoordinatedashionto helpaccomplistsoftwareengineeringyoals.An example
of suchervironmentis Unix [KernighanandMashey, 1979]andmorerecentlyLinux [Goerzen,
2000]. Thetoolsin Unix all acceptand outputdatain standardizedormats. As aresult, it is
possibleto interconnecttheir inputs and outputsloosely at the developers discretion. These
environmentswereandstill arequite useful,but no realmeansof integratingtools, coordinating
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their executions por automatingcommontasksis provided.

In the areaof ProgrammingSupportEnvironments(PSEs)the rst attemptswere madeto
produceightly integrateddevelopmentervironments Becausd? SEscomprisedightly integrated
collectionsof tools, they wereableto overcomemary of the problemsassociatedvith the ear
lier, looselyintegratedervironments.PSEscontinueto be extremelyusefultools (morerecently
known as IDE), and are still usedby the majority of developerstoday However, their major
limitation — astheir namesuggests— is that they usually only supportcoding actvwities. All
othermajor actvities andtheir artifacts,suchasrequirementgngineeringspeci cation,design,
testing,and analysisare excludedby most PSEs. The needfor integratedsupportfor software
engineeringactiities throughouthe softwarelifecycle resultedn theemegenceof Softwae En-
gineeringEnvironment SEEs) They areto the full software engineerindifecycle, what PSEs
wereto theimplementatiorpart. Oneof thefactsthathamperegrogresonthe SEEsSs thatrapid
developmentdominatedhetool scene.

A majorline in SEEresearctwasinitiatedby Osterweils paper‘Softwareprocessearesoft-
waretoo” [Osterweil, 1987]. Osterweils hypothesis— the software engineeringprocessshould
be treateditself as a pieceof software — gave rise to Process-cented Softwae Engineering
EnvironmentgPSEESs) SEEsfocuson supportinga speci ¢ processnodel,but PSEEsgive up
the notion of a prede nedprocesanodelwhich hasto be appliedin every project[Engelsetal.,
2001]. Thepriceof amore e xible andadaptabld®>SEEis wealer processupport.A compromise
is to let a PSEEsupportarangeof processnodels.Whereaghe early PSEEdocusedon individ-
ual andco-locateddevelopersupport recentlymoreattentionis givento supportingcollaboratve
software engineering.Examplesare GENESISand OPHELIA [Boldyreff etal., 2003], Source-
Forge[OSDN, 2004b]andTigris [Collabnet,Inc., 2004]. The collaboratve softwareengineering
environmentsareprominentlypresenin the opensourcecommunity

Robbinsanalyzegherelationof toolsandprocessn thedevelopmenbf opensourcesoftware
[Robbins,2003]. He concludeghatthe opensourcecultureandmethodologyarecornveyedto new
developersvia the tool setitself, andthroughthe demonstratedisageof thesetools in existing
projects.A studyof CASEtool adoptionby livari foundthatadoptioncorrelatesiegatively with
end-userchoice,and concludeghat successfuintroductionof CASE tools mustbe a top-davn
decisionfrom uppermanagemenlivari, 1996]. Theresultsof this approachasrepeatedlybeen
shelfwae: software tools that are purchasedwut not used[Robbins,2003]. Anotherresearch
by Stobartandassociateshavs similar results[Stobartet al., 1993]. Comparedo opensource
tools, thesetoolswereoften dif cult to use,expensve, andspecialpurpose.The rapidandwide
adoptionof opensourcetools standsin starkcontrastto the dif culties encounteredn adopting
thetraditional CASE tools[Robbins,2003]. Robbinsreferenceshe Fertile Crescenbetweerthe
Tigris and Euphraterivers: an agrariancivilization would anddid arise rst in the locationbest
suitedfor it. “In otherwords,the ervironmenthelpsde ne the society andmorespeci cally, the
toolshelpde ne themethod’[Robbins,2003].

Clearly the Agile movementBecketal., 2001]is anexampleof thetrendpredictecby Harri-
son,0OssheandTarr[Osshertal., 2000]. Likewise,theopensourcemovementts into thattrend
of anextremelyfast-maing andvolatile eld. Unfortunatelytheopensourcedevelopmentmodel
is notclassi edassoftwareengineerindy themajority of theacademiavorld (yet). Nevertheless,
moreandmoreresearclis conductedo large opensourceprojectsandtheir resultsarepromising.
Examplesarethe overview of the Mozilla projectby ReisandFortes[Reisandde MattosFortes,
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2002],andresearctby KochandSchneidefKochandSchneider2000]. Beyond doubtthe open
sourcedevelopmentimodelis anexampleof modernsoftwareengineering.

Toolsandprocessarecloselyrelatedio eachother Theimportanceof toolsin thedevelopment
processs clear: the tools can eitherenhanceor degeneratehe developmentprocess. The tool
environmentsfrom opensourceprojectsshav thata smallcollectionof stand-alondools, usedin
alooselycoordinatedashion,cantogetherform a PSEE.The paradigmdrom the early software
engineeringernvironmentsappliedto recentPSEEresearchis therebyprovedto be successfulAs
aresult,complementingamodernPSE— or IDE — with additionalsoftwareengineeringoolsto
implementmissingfunctionalityyieldsa PSEE.The previously introducedermtool ervironment
actuallyis thesetor a subsebf toolsthatform a PSEE.

3.3 Tool Selection

In their craftsmananalogy Hunt and Thomascontinuethat a craftsmanmustchoosehis or her
toolslovingly. Well-choserandappropriatelyusedtools cancontrikute greatlyto the succes®f
a project. However, inappropriatelychoseror ill-usedtools are often seriousobstacleghatwork
againstthe developmenteffort. The selectionprocessvery often takes placequietly, below the
radar without dueconsideratiorasto why thatparticularcombinationof productswaschoseror
how well they t theoverall developmentask. This leadsto decisionghatareat besttacticaland
atworstrepeatednistales.

The selectionof opensourcetools addsits own unique dif culties. Becauseopensource
tool builders are often their own (expert) users,installing and maintainingtheir productstakes
expertise,and learninghow to usethem effectively throughoften sketchy documentatioriakes
patienceandtime. Moody and Raymonddiscussthe opensourcedevelopmentmethodandthe
differenceswith the proprietaryway of developingsoftwarein [Moody, 2002,Raymond,2001].
Thenecessarknowledgeto install, use,andsupporthechosertoolsis too oftenonly in theheads
of developers,alongwith relatedreasondor choosingonetool over another This knowledge
needdo be capturecandmadeexplicit to make tool decisiongationalandtransparent.

Throughtheir careersdevelopersgo to considerableffort to nd, evaluate,chooseandthen
continueto usea setof toolsthat supportgandmolds)their speci ¢ style of development.This
oftenresultsin differentmemberf a developmenteamusingdifferenttools. Althoughfreedom
is importantin an empavereddevelopmentteam,left uncurbedthis leadsto a proliferation of
tactical solutions,brittle in their supportand enigmaticto nev teammembersmaintainersand
managers.In orderto focusthe necessarglebatesand decisionstowardsa uni ed setof tools,
candidatemeedto bewell characterizedndthe criteriafor choosinghemneedto beclear

In this regard,the documentwill presentanapproachhatmay be followedin managinghis
process:anabstracimodelwill be proposedhatpromotescarefulconsideratiorandtransparent
documentingpf the rationalebehindselectinga setof software developmenttools. The abstract
modelis proposedn Chapters, includingexamples wherethe modelis applied.
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3.4 The BasicTools

A developerhashis or herown preferencesgor toolsin the developmentprocess— a developer
may usea speci ¢ tool for a variety of reasons.He or shecould be a skilled userof atool or it

canbethestandardool to usewithin the organization.Maybethe developerdoesnot know or is

unwilling to searchfor alternatvesfor somekind of tool. A lot of factorsin uence the choicefor

atool.

Whatever the reasondo use— or not use— a speci ¢ tool, a developerwill always have
basictools for usein the developmentprocess.Eachtool is the developers preferredtool of a
speci ¢ type, or catayory. Every one of the tools is aimedat a speci ¢ purposeand usuallyis
picked out of differentimplementation$o sene the samepurpose Hence toolscanbeclassi ed
in tool categories Thefollowing list summarizegsommonlyusedtools,catgyorized,andlistedin
chronologicabrderof usagdn the developmentprocess.

Shells— Interfacevariousoperatingsystemfunctionsandservicesvia a command-lindn-
terface. The shellis so called,asit is anouterlayer of interfacebetweenthe userandthe
innardsof the operatingsystem.

IDE — Provide a suite of integratedtools or a frameawvork for integrating tools. An IDE
usuallycontainsatleastaneditorandanintegratedcompiler

Editors — Canbe usedto edit plain text les, for examplecodesourceles. This canbe
asimpleline editorup to aneditorwith supportfor syntaxhighlighting, recordingmacros
etc.

Documentingsystems- Canbearything from anadvancedWYSIWYG editorto aprofes-
sionaldocumentpreparatiorsystem. The purposeof a documentingsystemis to produce
digital or paperdocuments.

Version systems- Help to keeptrackof differentversionsof documentatiomnd/orsource
code.lt helpsmaintaininga codebaseamongmultiple developers.

Modeling tools— Provide mechanism#o easilydrav diagramgo beusedn documentation
orasadesigntool for theproject. Somemodelingtoolscanevengeneratesourcecodefrom
adiagram.

Compilers — Compilesourcecodeinto binary form. Exceptfrom beingintegratedinto an
IDE, acompilerwill usuallyhave acommandine equialent. The power of suchcommand
line compilershouldnot be underestimated.

Code generators— Generateodein somelanguagegiven someinput. Very commonex-
amplesarescanneandparsemgeneratorshattake a descriptionof alanguageandgenerate
codein someprogrammindanguagdo scanandparsesourceles in thatlanguage.

Codedocumentingsystems- Provide acleanandeasywayto documensourcecodeusing
aspeciakind of commenin thesourcecodeitself. Thisis alsohelpfulwhen,for example a
designby contractdevelopmenimethodis used.A related but morepowerful, tool cateyory
is literateprogramming.

Build systems- Automatethebuild procesf a projectandassistin the procesf getting
from sourcecodeto a public accessibldinaryform.
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Testingtools — Assistin testingthe sourcecodeof a project. Testingtools canbe anything
from a simpletestbedto an automatedestingsuite thatrunsovernightand emailsstatus
reportsaboutthe softwareevery morning.

Debugging — Providesa methodicalprocesdor nding andreducingthe numberof bugs
in a computerprogramor a pieceof electronichardwareto male it work better or at all.
A dehluggeris a softwaretool which enableghe programmerto monitor the executionof
aprogram,stopit, re-startit, runit in slov motion,changevaluesin memoryandeven,in
somecasesgo backin time.

Pro ling — Producingdetailedinformationaboutprogramexecution,suchasdetailsabout
areaf codewheremostof the executiontime is spent,memoryusagegcodecoverageand
traceroutes.

Install systems— Compilebinariesinto theform of a packagdahatcanbe deplo/ed onthe
Internetor distributedon somemediato the public. Provide the userof theapplicationwith
aneasyinterfaceto setupthe applicationon his own computer

Bug- and issuetracking systems— Give usersand developersa consistentinterfaceto
reportbugsandissueswith the software. Acts like anelectronicwhiteboard.

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

Threeinterestingstudiesof tools in a software projectare Reis and Fortes' analysisof the
opensourceMozilla project[Reis and de Mattos Fortes,2002], Robbins' opensourcesoftware
engineeringool adoptionandHuntandThomas'discussiorof the basictoolsin thetoolboxof a
developer[Hunt andThomas,1999]. We will useour own experienceandexaminethesestudies
to nd thesimilaritiesanddifferences.

“Everywoodworker needsa good,solid, reliableworkbenchsomevhereto hold work pieces
atacorvenientheightwhile heor sheworksthem. Theworkbenchhecomeshecenterof thewood
shop thecraftsmarreturningto it time andtime againasa piecetakesshape’THunt andThomas,
1999]. A programmepr softwareengineerlsoneedsa decenworkbenchwhichis thecommand
shell. Fromthe shell, the full repertoireof tools canbe invoked andall applicationscompilers,
editorsandutilities canbe launched.Programmersvho have alwaysworked with GUI andIDE
might be corvincedthat everything can be doneequallywell by pointing andclicking. This is
falsebelieve; if you usea GUI or IDE, you won't be ableto bene t from all capabilitiesof your
environment. For exampleit won't be possibleto combinetoolsto createyour own customized
macros.“The bene t of aGUI is WYSIWYG — whatyou seeis whatyou get. The disadwantage
is WYSIAYG — whatyou seeis all youget!” [HuntandThomas,1999].

“Many new programmersnake the mistale of adoptinga singlepower tool, suchasa partic-
ular IDE, andnever leave its cozyinterface. This really is a mistale. We needto be comfortable
beyondthelimits imposedby anIDE. The only way to do this is to keepthe basictool setsharp
andreadyto us€. You canbecomemoreproductie whenyou usegoodtoolsandwhenyou use
themin agoodway. HuntandThomasclassifythefollowing toolsasbasic:

Versioncontrolsystem
Bugtracler
(Advanced)editor
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Dehugger
Codegenerator
Text manipulatiortool

The Mozilla project [Mozilla, 2004] is dedicatedto the developmentof the Mozilla web
browsersuite. It hasarguably one of the largestcommunitiesworking on an opensourcesoft-
wareprojecttoday In the Mozilla Projectthe following developmenttoolsareused:

Versioncontrolsystem

Bug andissuetrackingtools
Tool to visualizethe codebase
Communicatiortool

Robbinsaddressethe commonlyusedtools within opensourcesoftware projects[Robbins,
2003]. He focuseson tools that have impacton collaboratie development,andomitstools like
editors,compilersanddeluggers.Robbinsnameghefollowing cateyories:

Versioncontrolsystem
Issuetrackingandtechnicalsupport
Technicaldiscussion

Build system
Designandcodegeneratiorool

Quality assuranceool

Collaboratve developmentervironment

The threestudieshave in commona versioncontrol systemand a bugtrackingtool. These
tools are nearlyalwaysusedin a software engineeringproject, regardlesghe size of the project
andthepersonsnvolved.

A versionsystemis merelya differentway to storethe projects les. The additionaltime
neededo learnthecommanddo storeandretrieve les from arepositoryarenegligible compared
to thetimeto nd aconvenientway to sharecodebetweendevelopersandto be ableto request
previous versionswhenyou are not usinga versioncontrol system. Wheneer the projectteam
consistof morethanonememberaversionsystermwill payoff for sure.Evenwhentheres only
onedeveloper a versionsystemprovides a very good mechanismo have a backupand history
keepingsystem.Huntand Thomasdescribea sourcecontrol systemasa giantundobutton; with
a properlycon gured sourcecodecontrol systemijt is possibleto alwaysgo backto a previous
versionof the software. Theirtip: “Alwaysusesourcecodecontrol”.

Immediatelyafterthe softwareis releaseda centralizednechanisnto storeandkeeptrack of
bugsin the systemis needed:a bug andissuetrackingtool. The contentsof a bugtracler must
be availablefor the outsideworld, for the end-user®f the systemto reporta bug andquerythe
statusof abug. Most popularbugtrackingtools of todaysupportthis feature— an exampleof a
commonlyusedopensourcebug andissuetracker is Bugzilla.
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In opensourceprojectsgoodcommunicationoolsareneededbecaus@rojectteamsareoften
not co-located Both ReisandFortes,andRobbinsresultsillustratethis. The bug andissuetrack-
ing systemis often (ab)usedasa way of communicationThebugtracler is notonly a corvenient
way of communicatiorbetweendevelopers,but a goodmechanisnfor communicatiorbetween
developersandusersaswell. Of coursethe opensourcecommunityalsodependseaily onthe
standardnternetcommunicatiortools suchasemail, mailinglists,nevsgroupsandinternetrelay
chat. In co-locatedorojectteamsmostlik ely face-to-aceis the effective way of communication.
Cockhurn addressethisissuein selectinga projects methodologyCocklurn, 2000].

A build systemcan be setup by combiningseveral basictools like versionsystems,code
generatiortools,andtext manipulationtools. The extra coststo setup a corvenientbuild system
arengylectablgo thecostsof typingin all thenecessargommandsverytimethesoftwareis built.
Themaostsimplisticbuild systermmsimply runsthenecessargommandso build thesoftwareoneby
one. More adwancedbuild systemgequiremoretime to setup, but, dependingon the additional
features,can pay off on the long term. In addition,a build systemensureghat every time the
softwareis built, it is built in exactly the sameway. It becomesnoredif cult to make mistales,
or forgetsomethingFurthermoreabuild systenmcanbe extendedwith areleasesystemandatest
systemto automaticallytestandreleasahe softwareto awebsiteor directly to customers.

The essentiatools area compiler an editoranda detugger which arecommonlyintegrated
into anIDE. Besidegheseessentiatools,therearethreeadditionaltoolsthatarecommonlyused
to improve the developmentprocess Basedon our experienceandthe previous analysiswe have
foundthefollowing:

1. Versioncontrolsystem
2. Bugandissuetrackingtool
3. Build system

Theseaarethetoolsthatwerefoundto beimportantin theanalyzedrojectsandin ourown projects.

3.5 Conclusion

It is inevitable thatpeoplewill make mistalesin the developmentof software. Theseerrorsoften
costa lot of time andresourcedo x andare seriousobstaclesn the processof development.
Toolscandecreaséhe developmenteffort by assistingn managingmistalesin threeways:

1. By preventingerrors
2. By detectingandlocatingerrors
3. By xing errors

ThePragmaticProgrammerpointsout: “Toolsamplify yourtalent. The betteryourtools,andthe
betteryou know how to usethem,themoreproductve you canbe’ Whentherearetasksthatcan
be automatedatool canpreventmistalesin suchtediousjob. However, it cancostalot of effort
incorporatingatool in theexisting developmentprocessr to train developergo usea certaintool.
Theprocesf tool selectionis thereforevery important.
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Theevolution of softwareengineeringnethodologyprocessedpolsandervironmentsshavs
thattool selectioncan betternot be an uppermanagemendecision. Expensie CASE tools de-
gradedto shelfware is an exampleof this repeatedlymademistale. Tools and processmustbe
one:thetoolshelpde ne themethod.

A PSEEcanbe implementedoy complementinghe missingfeaturesof a PSE.In practice,
external software developmenttools canbe usedto supplementhe widespreadisedIDEs. The
opensourcecommunityprovidesa gronving amountof tools asa resourceio choosethe supple-
ments. This is a resultof the closerelation betweentools and methodologyin the opensource
developmentmodel,which hopefullywill setanexamplefor furtherresearch.



Chapter 4

An Agile Method for the Component
DevelopmentProcess

Frustra t perplura quodpotesteri perpauciora(lt is vain to dowith morewhatcanbedone
with less)— William of Od<ham (circa 1285—1349)

This chaptercontainsthe documentatiorof the procesdor the developmentof software compo-
nentsasdescribedn Chapterl. It describesheguidelinedor the procesghatshouldbefollowed

by the componentevelopersby outlining the phaseghat areiteratedin the courseof a project.
The tasksand deliverablesof eachphaseare addressedaswell asthe managemenissuesin a

phase.In addition,the templatedor productdocumentatiorare given. The proposedmethodis

aimedto assistin managinghe courseof a projectwherever possible The purposeof this chapter
is not only to describethe guidelinesto follow, but alsoto motivatewhy to follow them.

4.1 Intr oduction

The procesghatis describedn this chapteris originally designedor the developmentof soft-

ware components.A software componenis a unit of compositionwith contractuallyspeci ed

interfacesandexplicit context dependenciesnly. A softwarecomponentanbe deplo/ed inde-

pendentlyandis subjectto compositionby third parties”[Szyperskietal., 2002]. In otherwords,

a software componentanbe de ned asa packageor a setof oneor moreobjectsincludingthe

descriptiorof how they work. Thesetof objectsrepresentacoherensetof features— theobjects
arethe interfaceof the component— that canbe usedin an applicationor anothercomponent.
A componentanimplementoneor moredesignpatterndor example,describecdhy Gammaand

associategGammaetal., 1995]. Independenteploymentof acomponenimpliesthatthecompo-
nentcanbe x edandenhancedeparatehandindependentlfrom the application,or component,
it is usedin.

37
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The developmentof a componenis startedby gatheringinformationaboutits task— what
the components supposedo do — by interviewing the developerswho will usethe component.
Thisinformationis usedto write dowvn therequirementsThenext stepis to designandimplement
the component. A components deplo/ed as soonas possibleand the componentdevelopers
continuouslyrespondo feedbackirom end-usersThe early andfrequentdeploymentis derived
from the opensourceparadigmreleaseearly andreleaseoften[Raymond,2001]. Requirements
areaddedasnecessaryandbugsandnew featuresareidenti ed, x ed,andimplementecassoon
aspossible.

The componentsaredevelopedby a separatelevelopmentteam,technicallyoperatingon its
own. This imposesrequirementson the availability and quality of the developedcomponents.
To minimize costsof the componentdevelopmentprocessopensourcedevelopmenttools are
preferred.In contraryto mostproprietarytools, thereareno restrictionson the amountof people
thatcanusethetool. Two otheradwantagesn this caseare: (1) mostof thesetools arereleased
often— new featuresarereadily availableandbugs are solved swiftly — and(2) bugsandnew
featurecanbeaddedat will becaus¢he sourcecodeis available.

In the following sections,the processandits phasesare described. The relevant software
engineeringnethodologieshataffectedthe processverediscussedn Chapter2. For eachphase,
asectionfollows to elaboratehetasksanddeliverabledor thatphase.

4.2 ProcessEvolution

The standarddescribedn this chaptethasevolved from the ESA software engineeringstandard.
Ourexperiencesvith theESAsoftwareengineeringtandardselaboratedh Section2.4.2,heavily
in uencedthework onthecomponentsThe rst standardhatwe appliedfor developmentof the
componentsvasthefull ESA standard.

As prescribedby the ESA standarda projectwas startedby creatinga setof management
documents— a setof documentdor eachnev componentpecauseeachprojectinvolves one
component.As a result,thesemanagementiocumentsvere createdby copying the documents
from a previousprojectandchanginghe projectname amongotherminor details. Theonly non-
straightforvard task,involved creatinga detailedplan. Next, the componens productdocuments
werecreated:a UserRequirement®ocumentURD), SoftwareRequirement®ocumentSRD),
ArchitecturalDesignDocumentiADD), andDetailedDesignDocumeni{DDD). A lot of sections
in the productdocumentsouldbe copiedfrom previous projectsaswell. Much text wasalready
outdatedby thetime thecomponentvasdeplg/ed.

After acoupleof projectsthisprocesseemedhotto beoptimal,in thiscontext. In comparison
with, for example,air trafc control systems,and military commandand control systemsthe
softwarecomponentsarequite small. A hearyweightprocesslik e the ESA standardis designed
for the developmenibof theformer Suchprocesshasmary thingshbuilt into it becausef theneed
for managinglarger projectswith subcontractorsmary channelsof communicationand mary
— perhapscon icting — requirements.None of which are presentin the developmentof our
softnarecomponents.

Hearyweightmethodsadoptmoreof acodi cation of whatneedgo bedone,includingthings
like contractmanagemenmprecisespeci cations,andformal sign-ofs, which areabsolutelynec-
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essarnyin larger efforts, but causeunnecessargverheadn the componentevelopmentcontext.
Especiallyoverdocumentingcausednuchoverheadn our case.A documentshouldhave only
onegoal,whichis to assisin accomplishinghedesiredresult: deliveraworking softwareproduct
andmake it maintainable.

To increaseproductiity by decreasinglocumentatioroverheadwe switchedto the ESA lite
standardEuropeanSpaceAgeng/, 1996]. All threecriteria (listed in Section2.4) to usethis
simpli ed versionof the ESA standardapply: (1) the developmentof a componentequiresless
thantwo manyearsof effort, (2) the numberof teammemberssariesbetweenoneandfour, and
(3) the numberof lines of codeis lessthan10,000. Moreover, the componentarenot critical in
the senseof lossof life or big amountsof mong. Theseargumentsvalidatethe useof the ESA
lite standardn favor of thefull versionof the ESA standard.

Unfortunately the ESA lite standardstill prescribeananagementiocumentgo be written
for eachproject. As mentionedbefore,apartfrom a detailedplan, the managementasksand
documentsare essentiallythe samefor eachproject. Adding the small size of the development
teamsi,it is not usefulto write the managemendocumentdor eachproject. We decidedto alter
the ESA lite standardand de ne a new processhasedon the ESA lite standardwith our own
modi cations. The rst steptowardsamoreagileapproachyasto eliminateseparatenanagement
documentatiomer project. We startedmoldingthe procesgo the project(s)andnot the otherway
around.

It wasdecidedto alterthe ESA lite standard,nsteadof replacingit with an agile process,
becausdherewere alreadysereral projectsrunningwith the ESA lite standard.In addition,all
developmenteammembersadbecomeamiliar with the ESA lite process.The shift from ESA
lite to anagileapproachhowever, hadalreadypartly begun. Theimplementatioriechniquegrom
XP and pragmaticprogramming,such as pairprogrammingand refactoring, had alreadybeen
successfullyappliedin theimplementatiorphaseof several projects.

The adaptability thatis omnipresentn agile processeswasthe mostimportantaspecthat
wasstill lackingin the componentdevelopmentprocess.For example,it wasoftennecessaryo
changédherequirementsrthedesignwhile thesourcecodewasconstructedor acomponentand
morewer, afterdelivery of thesoftware thecustomefrequentlywantsto changeherequirements,
aswell. Thefollowing list summarizeshekey changeso the processto addadaptability:

Managemenactivities areessentiallythe samefor eachproject,canbeincorporatedn the
processareminimized,andaredocumentedhn the processtandard.

No detailedupfront plan is made,the customers wishesdeterminescheduleand canbe
adaptedatary givenmoment.

Adaptionof aniterative approactandshortenedeleasecycles. The possibility to fall back
to aprevious phase— without unnecessargestrictionsandoverhead— is added.

Closerinteractionwith customer(sandend-usersin eachphasecustomer(sandend-users
arehighly involved.

Lessextensie productdocumentationprocesgocuseson actualproduct,not documenta-
tion.

Single projectteamis responsibldor the entire project,andall tasksareful lled by that
singleteam.
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Thesechangege ect the valuesof the Agile Manifesto[Beck et al., 2001]. Individualsandin-
teractionsarevaluedover processesandtools, with minimizedmanagemenanda decentralized
approach.Working softwareis valuedover comprehense documentatiorby minimizing docu-
mentationandadaptingcontinuousandfrequentrelease®f the product. Customercollaboration
is valuedover contractnggotiationby alow chainof commandcustomernddeveloperinteract
directly) andby welcomingchangesn every phaseof a project. With aniterative approachand
shortenedeleaseycles,respondingo changes valuedoverfollowing a plan. Thelastsectionof
this chaptewill compardn detailthe processwith the Agile Manifesto.

Threeaspect®f the ESAlite standardemainin thenew process(1) a separationnto phases,
(2) arequirementslocument,and (3) a designdocument. The procesghatis describedn this
chapteris divided into phasesalthoughnot asstrictly asin the ESA lite process.The following
sectionwill gointo moredetail of a projects phasesTherequirementanddesigndocumentare
describedn Sectionst.4and4.5respectiely.

4.3 ProcesOverview

A projectiteratesthroughdifferentstages.The procesds dividedinto phasesccordingto these
stagesSucha phasandicatesvhattasksarecurrentlybeingworked onin thecourseof a project.
This sectiongivesa generaloverviev of thesephasesandhow they areconnectedThe stagesof

a projectshouldbe iteratedconsecutiely, but it is possibleto fall backto an earlier stageafter
the projectprogressednto a subsequerdgtage.Note that no phaseshouldbe skippedin forward

direction;every phaseshouldbe traversedto reachthe maintenanc@hase.Figure4.1 shawvs the
four phaseandtherelationsbetweerthesephasesThefour phaseare:

Exploration Phase(EP) — The initial phaseof a project,a projectis startedandthe user
requirementaregatheredn this phase.

DesignPhase(DP) — Theuserrequirementareanalyzedanda componentiecomposition,
with accompaying designmodels,is dravn upin this phase.

Construction Phase(CP) — The requirementsare implementedaccordingto the design
madein the previous phase. Testversionsof the productare releasedo the customeras
oftenaspossible At the endof this phasehe productmustbe nished.

Maintenance Phase(MP) — The nal productis of cially releasedo the end-usersBugs
arecollectedand x ed,andtheend-usersreprovidedwith support.

The phasesare describedn full detailin the following sections. All deliverablesand tasks—
includingmanagement— aredescribeger phasdan a separatsections.The processs meantto
be a guidelinefor the componentieveloper andso arethesephasesDeviation from the process
anddocumentss allowed, aslong asthereis a profoundreasorfor it, andwhen&er the change
contributespositively to the— outcomeof the— project. To this extent,thetablesfrom Sections
4.4.3,4.5.4and4.5.5,thatprovide thetableof contentdor thedocumentshatareto be createdn
the explorationanddesignphase shouldbe regardedasa guidelineor mold, thathave provedto
besuitablefor mostcomponenprojects.
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Exploration Phase
Gatheruserrequirements

Deliver URD
Changeuserrequirements

DesignPhase
Constructdesign

Deliver SSD/SDD
Changedesign

Construction Phase
Constructandtestcode

Publicproductrelease
Implementmajorcodechanges

Maintenance Phase
Fix bugsand implementmi-
nor codechanges

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

4.4 Exploration Phase

In the explorationphasethe userrequirementare gathered.The URD is the deliverableof this
phaseandcontainsthe userrequirements Gatheringthe requirementss the rst stepof the de-
velopmenfprocessissuesoncerninguserrequirementaredetailedin Sectiond.4.1. Theoverall
structureof theURD is written down andclari ed in sectior4.4.3.1f necessarya prototypeof the
softwarecanbecreatedn theexplorationphasewhichwill bedescribedn moredetailin section
4.4.2.

4.4.1 UserRequirements

Themaingoal of the explorationphasds to de ne the userrequirementsThe userrequirements
form anunderstandindpetweenthe customerandthe developers.For the customerthe require-
mentsputdown in writing the minimalfunctionality of the software. For the developersthey are
the basefor the design. The userrequirementsrewritten down in the URD, which is described
in furtherdetailin Section4.4.3.

It is dif cult to nd out exactly whata customerexpectsfrom the softwarethatis to be de-
veloped.Customersftendo not know whatthey really want. Developersoftenthink they know
whatthe customemvants,thoughthe customehassomethingdifferentin mind. To preventthese
situationsijt is importantthatthe customemandthe developercommunicatdace-to-acewith each
otherby meansof meetingsandinterviewns. It is not realisticto expecta userto de ne andfor-
mulateall its wishesin adwance. A customeror developermight think of somenew featuresor
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otherformulationswhen(partof) theimplementatiorgetsavailable. The developershouldtry to
getasmuchinformationaspossiblefrom the customerguideandsupporthis thinking andtry to
anticipateon changeghatmightsurfacein thefuture.

Prototypingcanassistin the procesf formulatingthe requirementsilt is up to thedeveloper
to corvince the custometthatit is importantto have a completesetof requirementsn adwance.
Thedesignthatwill becreatedn the designphasds basedn theserequirementsThe customer
shouldrealizethat future changesn therequirementganhave a signi cant effect on the design
andconsequentlyheimplementation.

Requirementbave to bewritten dowvn suchthatmisunderstandingareavoided. Userrequire-
mentsshouldbeclearandveri able to make surethatthe nal softwareproductwill complywith
the requirements.The userrequirementsre completeandaccuratdaf the URD re ects the real
needof thecustomer

Therearetwo basiccatagyoriesof userrequirementscapabilityrequirement@and constraint
requirements.“Capability requirementglescribethe processto be supportedby the software.
Simply stated: they describewhat the software is supposedo do accordingto the customef
[EuropeanSpaceAgeng/, 1995b] Eachcapability requirementshould specify an operation,or
sequencef operationsthat the software will be ableto perform. Requirementshouldnot be
too compl. Requirementshat describetoo much functionality shouldbe divided in multiple
requirements.t is alsoimportantto make a cleargroupingof the requirements.Requirements
thatfunctionallyrelateto eachothermustbe kepttogether

Constraintrequirementsmposerestrictionson the way the userrequirementsreto be met.
Theseconstraintsanrelateto interfacesof the software,quality, resourcesndtimescalesinter
facesareavery importantkind of constraintrequirementsaninterfacede nesthe sharedound-
ary betweerntwo system®f the softwareanddescribesvhatinformationis exchangedandhow it
is done. The following list summarize€ommoncatajoriesof constraintrequirementshasedon
the categoriesasde ned in the ESA standardEuropearSpaceAgengy, 1995b]:

Performance — De ne quantitatve statementshat may describeamplitude,speedor ac-
curagy. The amplitudestateshow muchis neededf a capabilityat ary momentin time.
Thespeedde neshow fastaspeci c operatioris to be performed.Theaccurag de nesthe
differencethatis allowed betweertheintendedandthe actualoutputof someoperation.
Communication Interfaces — Specifythe networks andnetwork protocolsthathave to be
usedtogethemith performancettributesif necessary

Hardware Interfaces — De ne all, or part of, the computerhardvare that the systemis
supposedo runon.

Software Interfaces — Specifythe softwarethe systemhasto be compatiblewith, suchas
otherapplicationspperatingsystemsprogramminganguagesndcompilers.
Human-Computer Interaction — Specifyelementandaspect®f the userinterfaceof the
systemsuchasstyle, messageandresponsieness.

Adaptability — De ne how easythe systemcan deal with changesdn the requirements.
Extradesignwork maybeneededo ful Il theserequirements.

Availability —Specifywhenthesystemin operatiormustbeavailable for examplebetween
9 o'clock in the morningand5 o'clock in the afternoonor an averageavailability of 98%
peryear
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Portability — Describewhatis requiredwhenthe systemneedso be portedbetweentwo
ervironments. An environmentcan be a differenthardware baseor operatingsystemfor
example.

Security — De ne the measureshathave to be taken againsthreatsto the con dentiality,
integrity and availability of the system,suchas haclers, virus intrusions, res, computer
breakdavns andillegal actiities of unauthorizedisers.

Safety— De ne theneed=f usersto be protectedagainstpotentialproblemssuchashard-
wareandsoftwarefailures.

Standards— Referenceaheapplicabledocumentshatde ne thestandardsf thesystem A
standarcdcanbe aprocesor productstandardThe purposeof this sectionis notto mention
thesoftwareengineeringtandardhatis appliedduringtheproject,but to mentionstandards
like export le formatsandsoon.

Resources— Describethe availableresourcegor building the system suchastherequired
hardwarethatthe softwareis supposedo runon.

The catgyoriesmentionedabore re ect the available catayoriesof constraintrequirementsNote
thatonly the cateyoriesapplicableto the systemmustbe includedin the constraintrequirements
sectionof the URD.

4.4.2 Prototyping

Requirementandmodelsareusuallystaticentities.In somecasesit maybe usefulto constructa
dynamicmodelthatis executableo verify partsof the system.The procesf creatinga dynamic
modelis calledprototyping.

The prototypere ects the view on the systemof the prototypes creator which caneitherbe
the customerthe developer or both. Prototypingincreasesnutualunderstandingf the system,
andtriesto matchtheview on the systemof the developerandcustomer New requirementsnay
surfacein the processof creatingthe prototype,and existing requirementsnay turn out to be
incompleteor evenerroneous.

Prototypingcan be particularly useful when visual userinterface elementsneedto be de-
scribed.In this case the prototypecanbea valuableextensionto the userrequirement®r replace
somerequirementgompletely

4.4.3 The User RequirementsDocument

The URD summarizesvhat the systemthatis to be developedis supposedo do. It containsa
generaldescriptionof what the customerexpectsfrom the software systemand a sectionwith
the actualcapabilityand constraintrequirementsThe URD shouldbe arrangecaccordingto the
following tableof contents.

URD Table of Contents

1 Introduction



CHAPTER 4. AN AGILE METHOD FOR THE COMPONENT DEVELOPMENT PROCESS 44

1.1 De nitions, acroryms,andabbreiations
1.2 References

2 GeneraDescription

2.1 Generakapabilities
2.2 Generakonstraints
2.3 Usercharacteristics
2.4 Operationaknvironment

3 Speci ¢ Requirements

3.1 Capabilityrequirements
3.2 Constraintrequirements

In addition,a DocumentStatusSheet(DSS)andtable of contentsshouldbe includedasunnum-
beredchaptergust beforethe rst chapter The DSSis a table that containsthe statusof the
documentlt shouldincludethetitle, identi cation, authorsandappraal statusof thedocument.
Theapproal statusof thedocumentanbe:

Draft — Thedocumenis notyetinternallyacceptedy all teammembers.
Inter nally accepted- Thedocumenis acceptedy all teammembers.
Approved - Thedocumenis acceptedy the customer

In addition,the DSS containsa revision history The documentrevision numberis formattedas
x:y.z. Here,x denoteghe major releasenumber which is increasedo onewhenthe document
is externally appraved. Hereafter the numberis increasedvith one every time the documens
contentsigni cantly changes.The numberdenotedby y is increasedo onewhenthe document
is internallyacceptedThelastnumbey z is increasedafter every minor changeto the document.
The documentrevision history containseachrevision numberincluding the dateof releaseand
reasorfor changestartingfrom revision 1:0:0. An exampleof a DSSfor anURD canbeseenin
Table4.1.

URD/1 Intr oduction

This chaptershouldprovide a generalintroductionaboutthe projectandthe document.

URD/1.1De nitions, acronyms,and abbreviations

This sectionshouldprovide a completelist of de nitions, acroryms, and abbre&iation that are
usedthroughoutthe document.Whende nitions, acroryms, or abbreiationsarelistedin other
documentsthenreferenceso thosedocumentshouldbelisted hereaswell.

URD/1.2 References

This sectionshouldlist therelevantreferenceso otherdocuments.
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DocumentStatus Sheet
Title UserRequirement®ocument:Projectname
Identi®cation | Projectidenti®er
Author(s) Author(s)
Status Draft/ Internally Approved/ Approved
Revision Date Reasonfor Change
#HH# Month ##, Year | Author(s): Revision comment
#HH# Month ##, Year | Author(s): Anotherrevision comment
#HH Month ##, Year | Author(s): And yetanotherevision comment

Table4.1: Anexampleof a DSS.

URD/2 General Description

Generalfactorsthatin uence therequirementgor the systemshouldbe providedin this chapter
This chapterdoesnot statespeci ¢ requirements.

URD/2.1 General capabilities

This sectiondescribesn naturallanguagewvhatthe softwareis supposedo do. An overvien of
themaincapabilitiesandthe procesghatis to be supportedy the softwarearegiven.

URD/2.2 General constraints

In this section,all developers'limitationsfor building the softwarearesummarizedThis section
doesnot point out speci ¢ requirement®r constrainton the design.It should,howvever, explain
why certainconstraintsexist.

URD/2.3User characteristics

This sectiondescribeghe generalcharacteristicef the end-usershatmayin uence therequire-
mentsof the systemthat is to be developed. Characteristic®f the usersthat can be mentioned
arethe educationalevel, languagegxperience andtechnicalexpertise. In addition, it could be
importantto knowv theamountof usersthatwill usethe system.

URD/2.4 Operational environment

The environment,in which the systemis to operate,is describedn this section. A narratve
descriptioncan be strengthenedby context diagramsin which the relationto external systems
couldbeclari ed.
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URD/3 Speci ¢ Requirements

Thissectionwill summarizehespeci ¢ requirementsEachrequirements uniquelyidenti ed and
hasa priority thatindicateshow desiredthat speci ¢ requirementss. Userrequirementshould
beveri able andclearlywritten dovn usingproperlanguageTherequirementsiredividedin two
sectionscontainingthe capabilityrequirementandthe constraintrequirements.

URD/3.1 Capability requirements

This sectionsummarizesll capabilityrequirementgor the system.This sectioncanbedividedin
multiple subsection$o structuretherequirementandincreaseeadability

URD/3.2Constraint requirements

Theconstraintequirementarelistedin this section.For eachconstraintequirementsateyory, as
de nedin Sectiond.4.1,asubsectiorshouldbe presentf therearerequirementsn this cateyory:.

4.4.4 Review and ManagementPractices

The URD shouldbe constantlyunderreview by all teammembers.The statusof the document
progresseto internallyappraved, atthe momentthe teamagreeon the contentof thedocument.
For external apprwal, the documentshould be reviewed by the customerand emplo/eesthat
are not in the projectteam. However, customerand non team memberemplo/eesshould be
continuouslyinvolvedin the proces®f creatingthedocument.

Only whenthe projectmustbe restarted— whenthe requirementsieedto be drasticallyre-
visiteddueto new techniqueshew insights,inadequat®r changedequirements— thedocument
will have a statusof draft again. Otherchangeswill only leadto a new revision of the external
appraed document. Whenthe requirementsn the documentchange the documentshouldbe
reviewed by the customeragain,beforebeingpublicly released.

The URD shouldbe underversionmanagementontrol from the rst draft. Every versionof
thedocumenafterexternalappraval shouldbetaggedn theversionmanagemergystem External
appraedrevision of thedocumenshouldbe publicly released.

4.5 DesignPhase

The designphasecanbe consideredasthe problemanalysisphasein the software development
cycle. The userrequirementgrom the exploration phaseare examinedanda designsolutionis

producedaccordingly Thisdesignsolutionconsistof alogicalmodel,optionallya setof software
requirementsandanarchitecturatesign.

Thedeliverablein this phaseis a Software Speci cationDocument{SSD)or a Software De-
signDocumentSDD), which containsa descriptionof thedesignsolution. The SDD is a lessex-
tensve versionof the SSD,intendedor lesscritical or smallprojects.For critical or large projects
the SSDis recommendedThe criticality of projectsand methodologyselectionis describedn
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Section2.7,andthe applicability of the processs describedn Section4.9. The practicaldiffer-
encesetweerSSDandSDD will bedescribedn moredetailin this section.

The rst stepin the creationof the designsolution,is building the logical model. This model
canbeusedto optionally specifya structuredsetof softwarerequirementsjependingn thecrit-
icality of theproject.For acritical andlargerproject,it is recommendetb formulatethe software
requirementskor lesscritical andsmallerprojects this procesgnay be too time consumingand
the effort putinto formulatingthe softwarerequirementsgoesnot weigh up to thebene ts. The
designsolutionis completedvith anarchitecturatesign.Thefollowing sectionswill describehe
designsolutionin moredetail.

All teammemberghatdid not take partin the explorationphasewriting formulatingthe re-
guirementsneedto examinethe URD carefullybeforeparticipatingin the designphase.

4.5.1 Logical Model

The logical modelis animplementatiorindependentnodelre ecting the customers wishes—
whatthe systemmustdo — organizedin a hierarchicafashion.Becausdhe endproductwill be
an object-orienteccomponenbr applicationconsistingof several classesthe logical modelcan
bestbe constructedy applyingan object-orientedanalysismethod.Well known object-oriented
analysismethodsareRumbaugiRumbaugtetal., 1991],ShlaerMellor [Shlaer 1988,Shlaerand
Mellor, 1992], Coad-Yourdon[CoadandYourdon,1991]andBooch[Booch,1991]. Themodern
and broadly usedUML canbe usedto capturethe logical model [Object Managementroup,
2004]. The projectteamis however freein choiceof bothmodelingtechniqueandlanguage.

The logical model shouldbe a functional decompositiorof the software. The main goalis
to identify the importantsubcomponentsThe word componenin subcomponenteredoesnot
meansoftware componentput the normal English de nition “part of a larger whole” [Oxford
University,6thedition2002]. Thelargerwhole— theproject— in thede nition canbeasoftware
component.Thesesubcomponentshouldconsistof one or more classeghatwill be detailedin
the architecturadesign. The logical modelonly identi es the subcomponentlassesaandtheir
properties.

4.5.2 Software Requirements

The softwarerequirementarethe developers view on the problem,andaredescribedaccording
the logical model. The hierarchyfrom the logical modelmustbe usedto structurethe software
requirementsTherearetwo typesof softwarerequirements(1) functionalrequirementsand(2)
non-functionarequirementsThefunctionalrequirementspecifythe functionsthata subcompo-
nentor asubcomponerg'classmustbe ableto perform.

Non functional requirementsare usually relatedto a functional requirementand specify a
guantitatve statemenaboutthe functionalrequirement.The non-functionakrequirementganbe
catayorized.Thefollowing list shaws commoncataeyoriesof non-functionarequirements:

Performancerequirements— Specifya quantitatve measurdor ade ned function— for
examplespeed,accuray, rateandfrequeng. A performanceaequirementnay specifya
rangeof toleratedvalues.
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Interface requirements— Specifyhardware and softwarethatthe systemmustbe ableto
interactor communicatavith, andprotocoldescription@ndotherinterfaceshatthe system
mustsupport.

Operational requirements— Describespeci ¢ requirementsor the interactionof the sys-
temwith the operationaknvironment.

Resource requirements— Specify specialneedsfor physicalresourcessuchasmemory
harddisk spaceandCPU power.

Security requirements— Describethe specialneedsfor the securityof the software, they
specifyhow thesystemis securedhgainsipossiblethreats.

Portability requirements— Specifythe possibilitiesof operatingthe softwarein otheren-
vironments.

Quiality requirements— De ne the quality attributesof the software— the useof speci c
regulations standardsor quali cation of third party systemdor example.

Reliability requirements— SpecifytheMeanTime BetweerFailure(MTBF) of thesystem,
if applicable.

Maintainability requirements— Specifythe degreeof adaptabilityof the system.

Safety requirements— Specifythe requirementdo reducethe possibility of damagethat
canfollow from failure.

Thesecatayoriesmay give anindicationof what non-functionakequirementshouldbe included
in the softwarerequirementsObviously only thosecatgoriesthatareapplicableto the software
shouldbeincluded.

Both functionaland non-functionalrequirementshouldbe veri able; thereshouldbe some
way to checkwhetherthe softnareimplementgshe softwarerequiremenbr not. If arequirement
is notveri able, it is unusable.

Software requirementshouldbe formulatedonly for larger andmore critical projects. The
softwarerequirementsill assistin progressingrom logical modelto architecturadesign. For
small and lesscritical projectsthe software requirementsnostly provide no, or only little, ad-
ditional informationthat will in uence the architecturaldesign. In thoseprojects,theteamcan
continuefrom thelogical modelto the architecturatesign.

4.5.3 Architectural Design

The architectual designis the actualimplementationsolutionto the problemdescribedby the
software requirementsand user requirements. The architecturaldesignconsistsof a physical
modelanddescriptionof the interfacesandfunctionality of the subcomponentandthe subcom-
ponents'classesysingimplementatiorterminology The physicalmodelis constructediccording
to thelogical model,softwarerequirementsor userrequirements.

Eachsubcomponerih thelogical modelwill have acorrespondingartof the physicalmodel
in thearchitecturatdesign.The modelmaybe describedvith UML [ObjectManagemenGroup,
2004], for example. It shouldprovide a framework for developmentin the next phasethe con-
structionphase.This frameawork is provided by the modelby describingthe public interfacesof
the subcomponentslheseinterfacedescriptions— classesattributes,andmethods— shouldbe
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clari ed whennecessarysingnaturallanguage.The adaptabilityof the designis important,in
casethecustomemeedschangesn requirements.

The physicalmodelshouldcover all softwarerequirementgor an SSD,or userrequirements
in caseanSDD is chosen.

4.5.4 The Software Speci cation Document

The purposeof the Software Speci cation Document(SSD)is to describewhat the productis
supposedo do. It shouldcover all therequirementstatedin the URD. It will containthe design
solutionthatis usedin the constructiorphaseo implementthe software. The rst partof theSSD
coversthedevelopers view of the software,without usingactualimplementatiorterminology—
Chapter2 and3. Thesecondart— Chapted — anobject-orientedlesignfor the softwareusing
implementatiordetails. The SSDshouldbecompiledaccordingo thefollowing tableof contents.

SSDTable of Contents
1 Introduction

1.1 De nitions, acroryms,andabbreiations
1.2 References

2 Model Overvien
2.1 Decompositiordescription

3 Speci ¢ Requirements
4 Design

4.1 Globaltypesandclasses
4.n Subcomponent
4.n.1 Designmodel

4.n.2 Function
4.n.3 Dependencies

In addition,aDSSandthetableof contentshouldbeinsertedustbeforeChapterl asunnumbered
chaptersThepurposeanduseof aDSSis alreadydescribedn theexplorationphase Sectiord.4.
The documentstatussheetcontainsthe statusand revision numberof the documentusingthe
samerevision numberingconventionsasfor the URD.

SSD/1Intr oduction

This chaptershouldcontainall introductorymaterialaboutthe projectandthe document.
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SSD/1.1De nitions, acronyms,and abbreviations

All de nitions, acroryms, andabbreiation usedthroughouthe documentshouldbe listed here,
or referenceso documentghat containthe appropriatede nition or term shouldbe included.
Ambiguoustermsshouldalwaysbeinsertedhere,to de ne asinglemeaningfor theterm.

SSD/1.2References

This sectionshouldlist therelevantreferences$o otherdocuments.

SSD/2Model Overview

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

SSD/2.1Decompositiondescription

The sectionshouldcontaina more detaileddecompositiordescriptionof the logical model. The
sectioncanbein theform of awalk-throughthe modellevel-by-level, highlightingimportantfacts
aboutthe subcomponentandoptionallydescribinghe subcomponerg'classes.
SSD/3Software Requirements

This chaptercontainsthe softwarerequirementsEachrequiremenshouldhave anidenti er and
priority. The chaptemaybedividedinto sectiongo structuretherequirements.

SSD/4Design

This chaptercontainsthe physicalmodelandclari cation. If applicable,a (visual) overvien of
the physicalmodel canbe includedhere. The subcomponentsf the modelare elaboratedn a
separatesectionpersubcomponent.

SSD/4.1Global typesand classes

The global (implementationspeci ¢) typesand classegsuchas exceptionclasses)applicable
to all subcomponentsrelistedin this section. Customdatatypes,that are usedto de ne the
interfacesof subcomponenshouldbeincludedaswell.

SSD/4.nSubcomponent

For eachsubcomponerd sectionshouldbe insertedwith theidenti cation of the subcomponent
assectiontitle. A brief introductionto the subcomponerghouldbeinsertechere.
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SSD/4.n.1Designmodel

This subsectiorshouldincludea visualizationof the part of the physicalmodelrepresentinghis
subcomponentncludingaclari cation of themodelif necessaty

SSD/4.n.2Function

This sectiondescribeghe function of the subcomponentyy statingwhatthe subcomponerndoes
andhow it shoulddoit. Theprocesswvithin thecomponentanbeoutlined,includinginformation
thatis transmittedandstored.Theinputandoutputof the subcomponennaybeclari ed, aswell

asa descriptionof the attributesof the subcomponenincluding therangeof possiblevaluesand
initial valueif applicable.

SSD/4.n.3Dependencies

All dependenciesnternalandexternal,shouldbe listed in this section. Dependenciesn other
subcomponentstherprojects,third party software, hardware,andso on, shouldall be clari ed
here.

4.5.5 The Software DesignDocument

A Software DesignDocument(SDD) is a lessextensve versionof the SSD. It doesnot contain
a softwarerequirementsection. Obviously, the architecturadesignmustcover all userrequire-
mentsinsteadof all softwarerequirementén the SDD.

SDD Table of Contents

1 Introduction

1.1 De nitions, acroryms,andabbreiations
1.2 References

2 Model Overvien
2.1 Decompositiordescription
3 Design

3.1 Globaltypesandclasses
3.n Subcomponent

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

In the SDD a DSSandtableof contentanustbe includedbeforethe actualcontentaswell.
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4.5.6 Review and ManagementPractices

The SSDor SDD shouldbe constantlyunderreview by all membersof the projectteam. When
the teamagreeson the contentof the documentthe documens statusprogresses$o internally
appraed. For externalappraval thedocumenshouldbereviewed by the customermndemplgees
notin the projectteam.However, customerandnonteammemberemplo/eesshouldbe continu-
ouslyinvolvedin the procesof creatingthe document.

Only whenthe projectmustbe restarted— whenthe requirementanddesignneedbe dras-
tically revisited dueto new techniquesnew insights,inadequater changedequirements— the
documentwill have a statusof draft again. Otherchangeswill only leadto a new revision of
the external appraved document;the documentmustbe reviewed by the teammembersbefore
beingpublicly releasedgain. Wheneer the designleadsto changesn the userrequirementsit
is possibleto reiteratethe explorationphasewith therestrictionthatthe customemagreeswith the
changesn theuserrequirements.

The SSDor SDD shouldbe underversionmanagementontrol from the very rst draft. Ev-
ery versionof the documentafter externalapprwal, mustbe taggedin the versionmanagement
system.Externalapproedrevision of thedocumenmustbedeplo/ed.

4.6 Construction Phase

The constructiormphasés the phasejn which the productis implemented.The developerswrite
the sourcecode,anddocumentndtestthe software,following the designfrom the designphase.
The programmingtaskscan be divided amongstthe developerson basisof the subcomponents
speci edin theSSDor SDD. The outputsof this phasearesourcecode APl documentatiomnda
SoftwareUserManual(SUM), if applicable.

4.6.1 Implementation and Testing

Thedevelopersthatwerenot partof theteamduring the explorationor designphaseshouldread
theURD andSSDor SDD. Theimplementatiorof the nal product,producingthesourcecode,is
themostimportantjob in this phase.To increasesourcecodereadability asetof codingstandards
shouldbe prepared.Including codingstandardssereral othertechniquesanhelpin the process
anda numberof importanttechniquesrom ExtremeProgrammingand PragmatidProgramming
areincludednext.

Thepair programmingtechniqueappliedin extremeprogrammingAuer andMiller, 2003]can
beappliedin this procesaswell. Thistechniquaequireswo softwareengineerso participatan
acombineddevelopmenteffort at oneworkstation.Bene ts of pair programmingare:

Increasedliscipline. Pairing partnersare morelikely to “do the right thing” andareless
likely to take long breaks.

Bettercode.Pairing partnergendto comeup with higherquality designs.

Resilient o w. Pairing leadsto a differentkind of o w thanprogrammingalone,but it does
leadto ow. Pairing ow happensnorequickly: oneprogrammerasksthe other “What
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werewe working on?” Pairing o w is alsomoreresilientto interruptions:oneprogrammer
dealswith theinterruptionwhile the otherkeepsworking.

Improvedmorale.Pair programminggdonewell, is muchmoreenjoyablethanprogramming
alone,donewell.

Collective code ownership. When everyoneon a projectis pair programming,and pairs
rotatefrequently everybodygainsaworking knowvledgeof theentirecodebase.

Mentoring. Everyone,even junior programmershasknowledgethat othersdo not. Pair
programmings a painlessvay of spreadinghatknowledge.

TeamcohesionPeoplegetto know eachothermorequickly whenpair programming.

Fewer interruptions.Peopleare morereluctantto interrupta pair thanthey areto interrupt
someonevorking alone.

Studieshave shavn thataftertraining for the peopleskills involved, two programmersremore
thantwice asproductve asonefor a giventask. More informationaboutpair programmingcan
befoundin the XP seriegBeck, 1999,AuerandMiller, 2003,Jefries etal., 2000].

The PragmaticProgrammeractuallyis a compendiunof usefulprogrammingips andtricks
[Hunt and Thomas,1999]. The Don't RepeatYourself (DRY) Principle, Broken Window Theory
andRefactoringarethreevaluablehighlightsfrom Huntand Thomas'book. Refactoring,atech-
niguealsoappliedin XP, tellsadeveloperto nothesitatao changeheworkingsof a pieceof code.
New insights,new performanceequirementsr anonorthogonatlesignareall reasonso refactor
Refactoringshouldbedonewith care takingslow stepsandwithoutaddingfeaturesconcurrently

The broken window theorytells somethingaboutsoftware rot. The theory originatesfrom
researchn the eld of crimeandurbandecay A brokenwindow, left unrepairedor a substantial
lengthof time, cancausea senseof abandonmentAnotherwindow getsbroken, peoplestartlit-
tering,grafti appearsndseriousstructuraldamageegins. Thenthebuilding becomeslamaged
beyondthe owner's desireto x it, andabandonmertecomeseality. The sameholdsfor broken
windows in software— a baddesign,a poor pieceof code,or terrible error handling. Broken
windows shouldbe x ed assoonasthey arediscorered. Systemdeteriorationand software rot
shouldbeavoidedatall costs.

TheDRY principle states:“Every pieceof knowledgemusthave a single,unambiguousau-
thoritative representatiowithin a system”[Hunt andThomas,1999]. Duplicationcaneasilylead
to mistales: “The alternatve is to have the samething expressedn two or more places.If you
changeone,you have to remembeto changeheothersor, like thealiencomputersyour program
will bebroughtto its kneesby a contradiction.It isn't a questionrwhetheryou'll rememberit'sa
guestionwhenyou'll forget” [HuntandThomas,1999].

Developersareencouragedo write unit testsfor the subcomponentspeci edin the SSDor
SDD. Unit testingis describedn boththe XP methodAuer andMiller, 2003]andthe Pragmatic
Programmer[Hunt andThomas,1999]. The nal product— thecomponent— canbeviewedas
aunitaswell, becausét is a partin anapplicationor anothercomponentThereforeatestshould
bewritten thatteststhe workingsof the systemjn casethe developedproductis acomponent.
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4.6.2 APl Documentationand User Manual

In casethe projectcomprisesa componentAPI documentatiorshouldbe written. In othercases
besidesAPI documentationa software usermanualmay be written. APl documentatiorshould
bein the sourcecodeitself accordingo thede ned codingstandardgdescribinghow to placeAPI
comment. If possible,a tool shouldbe usedthatis ableto generateonline documentatiorand
paperdocumentatiomf the sourcecode.

The APl documentatiomlescribeghe (inner)workingsof the sourcecodeandhow to usethe
software asa developer Eachclassincluding its propertiesand methodsshouldbe described.
For methodsjts parameterandreturnvalueshouldbe describedaswell. Thedescriptionsn the
API documentsshouldbe clearenoughfor anotherdeveloperto usethe codein his or her own
componenbr application.

Obviously, if the nal productis acomponenor library of componentsthe APl documenta-
tion canbe regardedasits usermanual. But for otherprojectsthe APl documentatiormay not
describenow to usethe product.In thatcasea SUM shouldbewritten for the end-usersA SUM
describedow to usethe software. It educateshe userwhatthe software doesandinstructshow
to doit. The SUM shouldbetargetedfor bothnovice andexpertusers.

The SUM may be divided into several sectionsaimedat differentusers,or differentlevels
of usersof the product(end-useroperatoradministratarandsoon). The SUM canbe eitheran
online (contet sensitve) help system,a hypertet documentor paperbooklet, whatever is best
for the type of software. The processdoesnot prescribea speci ¢ table of contentsfor a SUM,
but thefollowing guidelinessummarizeheissueghatmaybedescribedn thedocument:

An overvien of the purposeof the software. The main tasksthat the software canful Il
shouldbe described.The prerequisitegor usingthe software may be formulated,if appli-
cable.

Tutorialsfor the maintasksof the software. Aimed at novice users,seseral tutorialsmay
be includedto instructhow to accomplishthe most frequently usedfunctionality 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 thesoftwareshouldbe describedn thereferencesection,ncludingan
outlineof instructionsfor theuser

Summaryof errorsandtheir resolution. The frequentlymademistales by usersshouldbe
describedncludingwhatthe userdid wrongandhow heor shecansolve the problem.

Examplesof useor usecases.To clarify somepurposeof the system,an exampleor use
casemy beprovidedfor theend-user

Writing agoodusermanuais verydif cult. Especiallywhenamanuais written by thesoftware's
author(s),it canbe hardto understanar may even be obscure.The informationin this section
will not guarantea clearandwell written usermanual,it merelyprovidesvery basicguidelines
asa start. Many booksandtutorialsare availablefor writing betterEnglishandto aid writing a
usermanualor assistwriting clearAPI documentation.
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4.6.3 Review and ManagementPractices

This phasemayleadto changesn the designor changesn the userrequirementsln the casethat
the designmustbe updatedthe designphasemay bereiteratedwith therestrictionthattheteam
membersgreeonthechangesChangesn theuserrequirementsnustalsobeagreediponby the
customerTheexplorationphaseandif necessaralsothe designphasds reiterated.

The sourcecodemustbe underrevision control at all times. Eachpublicly releasedsersion
(startingfrom version1.0.0)mustbe tagged.The sourcecodeand APl documentatiorshouldbe
underreview by thedevelopmenteam ateammembemayinspectsourcecodeof othermembers
from timeto time andinform theauthor(s)f ary discrepanciesThe pairprogrammingechnique
may beappliedfor this purpose.

A productversionnumberis formattedasx:y.z, wherex is calledthe majorversionnumbery
is calledminorversionnumberandzis calledthereleaseversionnumber Whentherequirements
or designdrasticallychangeor majorfeaturesareaddedthe majorversionnumberis increased.
Minor changedo the software will leadto anincreaseof the minor versionnumber Bug x es
or patcheswill have anincreaseof releaseversionnumberz. Otherchangeghat do not lead
to a changein functionality of the product(for examplea correctionof a spellingerrorin API
documentationjnay resultin a newv deploymentreleasedenotedwith asufx —n. Theversion
numbelis formattedasx:y:z—+n in this case Heren denoteghen-th deploymentreleasef version
Xy.Z.

If a SUM is written it shouldalso be underversionmanagementontinuously In casethe
SUM is integratedwith the sourcecode,it will be underversioncontrol alreadyandthe version
numberof the sourcecodewill applyto the SUM aswell. Whenthe SUM is a separatépaper)
documentthe samereview andmanagementracticesasfor the URD, SSD,andSDD shouldbe
appliedto the SUM. If possiblea DSSshouldbeinsertedbetweerthetableof contentsandother
contentin this case.

4.7 MaintenancePhase

Themaintenanc@hasés enteredwhenall requirementsvith the highestpriority in the URD are
implemented.Theserequirementsremarked assuchin the URD. It is not necessarilyrue, that
all requirementareimplementedvhenthe maintenancehasestarts for it is possiblethatsome
requirementfiave a priority thatindicateshattheserequirementslo not have to beimplemented
for thesoftwareto bedeplog/ed. In themaintenancghasehe nal versionof thesoftwareproduct
is delivered. Additionally, the phaseconsistof communicatingdefectsby the end-userdo the
developers.Thedevelopershave to respondoy takingthe appropriateactions.

Bugsandissuesthat surfacewhile the softwareis in useneedto be collectedand archived
someavhere.Thisis calledbug- andissuetrackingNot only anngyanceserrors,or otherproblems,
but alsomissingfeaturesarecapturedn the issuetrackingystem.For the bugtrackingsystema
competentool shouldbeused.A priority is assignedo eachissuewhich allows thedevelopment
teamto decideonthe necessityto constructanddeploy anew releaseof the softwareagain.

Thedatafrom theissuetrackingystemcanbe usedto decidewhetherthe projectneedso go

backto an earlierphase- the exploration, design,or constructionphase.Whenthe issuesonly
compriseminor bugsand x es,the constructiorphasecanbe enteredagain,without restrictions.
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If featureghatneeddesignchangesareto be addedthe designphasecanbe enteredagain,with
the samerestrictionsasin the constructiorphase theteammembersnustagreeuponthe design
change.Whenchangesn the userrequirementsrenecessarythe exploration,andif necessary
alsothe designphasecan be reiteratedwith the samerestrictionsasin the constructionphase:
the customemustagreeuponthe changesn the userrequirementandthe teammemberamust
agreeuponthe designchangesWhenthe productdoesnot ful Il its tasksarnymore,andneedsa
completeredesignthe projectcanbe restartedandthe explorationphaseis enteredagain,using
thedatafrom theissuetrackr asinput.

Theissuetrackingystemmay be madeaccessibldor the end-usersf the systemallows the
end-userso useit (in otherwords,if theusersarecompetenenoughor the systemis easyenough
to use).Otherwiseanotheform of communicatinghe end-uses issueds hecessargndsome |-
teris neededo gettheissuesnto thesystem— for exampleaspeciakemailaddresandsomebody
that reads processesandanswerghe emailsreceved at the speci ¢ email addresspr a special
phone-inhelp-deskacility.

The maintenanc@haseends,whenthe projectdies. A projectdieswhenthe customerdoes
not reportnew featuresor defectsanymore,andall requirementsn the URD areimplemented.
This rarely happens.In practice,mostsoftware systemsequiremaintenanceintil the customer
stopsusingthe system. Thatis, whenthe customermgoesout of businessor whenthe systemis
supersedeltly another

4.8 Planning a Project

The mattersof planninga projecthave not yet beenresearchedhto full detail. The processvas
only appliedto a small numberof projects. In addition,the periodof time sincethe processhas
beenintroduced,is not long enoughto thoroughlyanalyzehow to plan a project,andthereare
no resultsof planninga projectin variousways. Furtherresearctof literatureon the topic, and
practicalresearchiesultsarenecessarbeforeconclusionsanbedravn.

Althoughno guidelinego plana projecthave beenintroducedyet,aform of planningaproject
hasevolvedin the procesof adaptingthe methoddescribedn this chapter At startof the explo-
rationphaseadateis setfor theinternalappraed versionof the URD. Whenthe designphaseis
entereda dateis setfor theinternalappraed versionof the SSDor SDD. Wheneer adocument
— URD, SSD,or SDD — needgo bechangeda dateis setfor thechangedo beready

The constructionphaseis divided into iterations,concludedoy a preliminary releaseof the
product. Eachiterationis plannedby statingwhatrequirementsill beimplementedn the next
releaseandthe durationof theiterationis estimated.The nal iterationof the constructiorphase
endswith the nal, public releaseof the product. The maintenanc@hasds plannedsimilarly, by
estimatinghetime neededo x aspeci ed numberof issuedor the next maintenanceeleaseof
theproduct.

4.9 Applicability

Theproposegrocesss originally designedor developingcomponentsyhichdoesnotmeanthat
theprocesss restrictedo thedesignandimplementatiorof componentsWe have alreadyapplied
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it to designandimplementtwo applicationsaswell. Choosingamethodologyandprocessiepends
onseveralfactorsdescribedn Section2.7. By applyingCockhurn's principles[Cocklurn, 2000]
onthecomponenprocessthefollowing guidelinesaredervedthatre ect theapplicability of the
process:

Principle 1-Theprocesss designedor smalldevelopmenteamsandsuccessfullapplied
to projectswith oneupto four teammembersDependingnthesizeof the project,theteam
sizecanbeenlaged,but therehave notyet beenary testsapplyingthe procesgo a project
with more thanfour teammembers. As alreadymentionedin the processoverview, the
processs designedor smallprojectsandsmallteamsizes.

Principle 2 — The developedcomponentglo not have lossof life or lossof irreplaceable
mong asa consequencef failure. Becausaghe component@remainly developedfor use
in an administratie application,failure resultsin loss of discretionarymone/ or loss of
comfort. The processmustnot be appliedto projectswith a highercriticality.

Principle 3 — The processs designedwith costminimizationin mind. Actual returnon
investmentis low, becaus¢hecomponentaremainly usedto replaceoutdateccode.How-
ever, costminimizationmustnot affect stability andcorrectnessf thecomponents.

Principle 4 — Themethodis designedor co-locatedeamsor teamsthatmeeton aregular
basis.Adaptionsto the processareneededor it to work with differentiatedeams.

The applicability of the ESA lite standardvery muchre ects the applicability of the standard
proposedn this chapterasthe procesds a derivative of ESA lite. Generallythe standardvorks
successfullyffor noncritical smallprojects— lessthan15.000linesof code,excludingcomments
— with amaximumof ve co-locatedeammembers.

4.10 Conclusion

The chapteris concludedoy arguingthatwe modi ed andpromotedESA lite to anagile process
by reviewing bothTable2.1andthe principlesfrom the Agile Manifestofrom Section2.5.2. Table
2.lillustratestheimportantdifferencesetweeragile andhearyweight processesThe following
list shawvs thatthe proposedrocessasthe propertiesof anagile methodology

Approach—Theprocessapproachendsto be moreadaptve thanpredictive. Requirements
aregatheredn adwance,but arecertainlynot x ed. At ary time theserequirementganbe
changedwithout restriction.

Successneasurement— A componens successs measuredo the extentit contritutesto
the existing software: its businessvalue. An indicationof how well a speci ¢ component
contritutes,can,for example,be measuredy the numberof bugsthatarereportedin that
partof theapplicationin whichthecomponents implemented.

Project size— Small, rangingfrom 2,000to approximatelyl0,000SourcelLines Of Code
(SLOC).

Managementstyle — Teamsareself-oganized:a decentralizecdpproach.

Perspectie to change— Phasesnay beiteratedarbitrarily, without restrictions.Changes
aretakenfor grantedandthe processanticipateshanges.
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Cultur e—Collaboration.

Documentation — Low, rangingfrom 3 to 11 pagesper 1,000 SLOC, or the otherway
aroundrangingfrom 87 to 383SLOC perpagedocumentation.

Emphasis— Processs adaptedo projectsandteams.
Cycles— Numerousarbitraryiterationof phases.

Domain — Mix of predictionand exploration. The componenis designedo t into the
software,but requirementanddesignmayandmostlikely will changeasexplorationcon-
tinues.

Teamsize— Theteamsizeis smallandvariableandvariesbetweerl and4 teammembers.
Upfront plan — Minimal.
Return on investment— Startingatinitial release.

Chain of command— Customerand developerinteractdirectly, thereareno personsbe-
tweencustomemanddevelopers.

Furthermoreall principlesof the Agile Manifestq seeSection2.5.2,areadheredo. Thefollowing
list enumerateprocessadherencéor eachprinciple:

1.

10.
11.

Customeraresatis edby earlyandcontinuesielivery of valuablesoftwareby adheringhe
opensourceparadignto releasesarly andreleasenften. A componentis releasedssoon
asa rst working versionis readyin the constructionphase. Every time signi cant new
featuresareaddedor bugsare x ed,the productis releasedgain.

Changesn userrequirementsare welcomeby the possibility of falling backto the explo-
ration phase.Requirement®ften changeafter a releaseof a testversionof the software,
whichresultsin anew iterationthroughexplorationanddesignphase.

Working softwareis deliveredfrequently seeprinciple 1.

Thereis no separatiomf managemerdanddevelopment:managemeris partof the process.
Thecustomels alwaysavailable;wheneer neededhe customercanbe contacted.

. Tasksare divided basedon preference®f teammembersandnot by top down decisions.

Motivationandtrustarehigh, the projectteamsareoperatingechnicallyon their own.

Face-to-fcecommunicatioris mostfrequentlyused,becausahe teamsare co-locatedor
meeton aregularbasis.

. Working softwareis the primary measuref progressa projectbecomesnterestingfor the

customemonly whenthereis aworking versionof the component.

A constanfpaceis maintained pecauséhereareno time consumingobstaclego go from
onephase(back)to another Closecollaborationwithin andbetweeneamspromotessus-
tainabledevelopment.

Teammembersnustbewell educatecndarerecommendetb stayup to datewith further
ingsin thediscipline.Constanteviews andcollaboratiorareusedastechniquego improve
technicalexcellenceandgooddesign.

Techniquedrom principle 9 areusedto promotesimplicity too.
Theteamsareself-oganizedandoperateechnicallyon theirown.
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12. All emplo/eesregularly meetandre ect on the currentmethodstools and projects. The
processtoolsandprojectsareimprovedwherezer andwheneer possible.

Althoughthe previous agumentsclaim that the processs agile, it canbe aguedthata division
of a processnto phasesa requirementglocumentand a designdocumentare not commonin
agile methods. The process'phasesare a guideline, for the developer but also an outline for
describingheprocessThe phasesnaybeviewedasname-tagsto be ableto betterexpresswhat
the developmentteamis working on, in somestageof a project. The phasestself imposeno
restrictionswhatsoger on a developmenteamto accomplisttheir task.

Therequirementslocumenis not a contractuahgreemenbetweerthe customerandthe de-
velopmenteam,whichis commonin hearyweightstandardslt shouldbeaslim documentwhich
canbeeasilyupdatedthatshouldsene asaquick referencento thefunctionality of the software,
for thedeveloperdo pick outtasksfor themto do. Thedesigndocumentontainsadecomposition
into subcomponentanda subcomponerg'essentiatlassdiagramsijncludinga shortexplanation
of thosediagrams.This documentis usefulfor two purposesi(1) it actsasa meansof dividing
the work anddebatingthe designwith the developmenteammembersand(2) it provides— in
caseof acomponent— a oor planto investigatewhetherandhow well it ts into the existing
software.

The following statemenfrom the Agile Manifestowebsitesummarizeghe ideology of the
processiescribedn this chapter:*The Agile movementis notanti-methodologyin fact, mary of
uswantto restorecredibility to theword methodologyWe wantto restorea balance We embrace
modeling, but not in orderto le somediagramin a dusty corporaterepository We embrace
documentationbut not hundredsof pagesof nevermaintainedandrarely-usedomes. We plan,
but recognizehelimits of planningin aturbulentervironment”[Becketal., 2001].

To beableto deplgy anagilemethod assketchedabore, thereis aneedfor adifferentkind of
emplo/eesthanin hearyweightmethodsNamely:

Employeesmustbe ableto do seseral typesof actiities, suchas management;ustomer
interactiondesignandprogramming.

Employeesmustbe ableto work with alarge numberof toolsandtechniques.
Employeesmustbe ableto quickly switchbetweertoolsandtechniques.

Deploying an agile methodseemso be cheapetand more ef cient, but hasasa — hidden—
costthe needfor highly trainedandmotivatedemplo/ees. This is not the casein moreclassical,
hearyweightmethods.

Theoverheadcoststhatwerecausedy applyinga hearyweightprocesswererelatedmostly
to the context wherethe processvasapplied. The nal conclusionis thata moreagile approach
is, in this speci c componentievelopmentontet, moreeffective andmoreproductie thanafull

edged hearyweightprocess.






Chapter 5

An Abstract Model to SelectSoftware
DevelopmentTools

The humanmind has rst to constructforms,independentlybefore we can nd themin things
— Albert Einstein

Chapter3 alreadydiscussedhe dif culties to selectappropriatdools for a given project. Espe-
cially from the ever-wideningsetof opensourceandothersoftwaretools. An abstracimodelto
assisin the selectionprocesss proposedn this chapter

5.1 Intr oduction

In Chapter3, the importanceof tools and selectionof the tools and workbenchwas discussed.
Therewasa felt needfor more orderin the selectionprocess.After a coupleof brainstorming
sessionghe authorsproposedan approactthat may be followed in managingthe selectionpro-
cess.Theapproachwasappliedretrospectiely to two casestudies.The aim of this chapteiis to
presenthe approach.The proposalis an abstracimodelthat promotescarefulconsideratiorand
transparentiocumentatiomf the rationalebehindselectinga setof softwaredevelopmentools.

At rst reading,the model may appearto be nothing more than commonsense- using a
generaldecision-makingrocesghatmay be applicablein mary differentareas.For this reason,
practicalexamplesfrom industry areexaminedin orderto shedlight on aspectf applyingthe
modelto choosingoolsfor two speci ¢ contets. In bothindustryexamplesopensourcetoolsare
preferredover proprietarytools. Theapproachs however not only suitablefor opensourcetools
but alsofor proprietarytools, or a mix. Althoughthe logic behindthe modelis simpleenough,
therealeffort is to discernthe appropriatgropertieof tools beingevaluated andthe criteriafor
choosingbetweerthem. Sharingthis experienceas valuablein itself.

The chapteris structuredasfollows. A brief overvien of previous work relatedto this con-
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tribution is providedin Section5.2. In Section5.3 the abstracimodelitself is described.After
that, the two casestudiesare presentedin Sections5.4.1and5.4.2respectiiely. Finally, some
conclusionsaregivenandfurtherwork is proposedsections.5.

5.2 RelatedWork

CASE tool evaluationhasbeenassesselly several studies,for examplethe impacton systems
developmentprocessy Janlowski [Jankowski, 1997],aframeavork for assessin@ASE usageby
Sharmaand Rai [Sharmaand Rai, 2000], CASE tool evaluationat Nokia by Maccariand Riva
[MaccariandRiva, 2000] anda methodfor CASE tool evaluationby du PlessigPlessis,1993].
However, all theseapproachearetametedat evaluationper CASE tool. The proposedapproach
compares setof toolsto selecta subsefor aprede nedpurpose.

Le BlancandKorn proposed phasedpproacho evaluateCASEtoolsandindicatehow the
nal selectiorfor aCASEtool is made[LeBlancandKorn,1994]. Thewritersde ne threephases
to betraversedduringthe procesof selectinganappropriateCASEtool. In phasel, prospectie
candidatesarescreenedgnda smalllist of CASE toolsis dravn up. In this phasea preliminary
screenings madeby looking at uncommonlyprovided functionality In phase2, a CASE tool
candidatas selectedhatbestsuitsthe systenmdevelopmentequirementsThis canof courseonly
be donewhena suitableCASE tool exists for this particularervironment. Phase3 is the actual
matchbetweenthe userrequirementandthe featuresof the selectedCASE tool. We proposea
similarapproachby usinga matrix to visualizethe reasoningfor choosingsoftwaredevelopment
tools.

The studyof CASEtool adoptionby livari, alreadydiscussedn Chapter3, foundthatintro-
ductionof CASE tools by top-davn decisionfrom uppermanagememtesultin shelfware|livari,
1996]. Researclvy StobartandassociategndSharmaandRaishav similarresultdStobartetal.,
1993,SharmaandRai, 2000]. Therefore this approachpromoteghe decisionto be at the devel-
operlevel, andnotat managemerlevel. However, in the caseof expensve proprietarytools, this
mustnecessarilypea preliminarychoice afterwhichmanagemerghouldbeengagedo negotiate
aboutaffordability issues.

Thede nition of tool from Chapter3: “a computeprogramthathelpssoftwaredevelopersto
createor maintainotherprograms”appliesto thetermtool usedfor the approachin this chapter
aswell. As mentionedn Chapter3 this termincludesCASEtoolsby de nition. No distinctionis
madebetweerclasse®f tools.

An attemptto de ne practicedor choosingandevaluatingsoftwareengineeringnethodsand
tools,is the DESMET project[Kitchenhametal., 1997]. The DESMET evaluationmethodology
separatesvaluationexercisednto quantitatve andqualitative evaluations.A quantitatve (objec-
tive) evaluationexerciseis aimedat establishingneasurableffects. The qualitative (subjectve)
evaluationis aimedat establishinghe appropriatenessf a tool or method. In otherwords, to
whatextenddoesatool or methodful Il the needsof an organization?“The appropriatenessf
amethodor tool is usuallyassesseth termsof the featuresprovided by the methodor tool, the
characteristicsf its supplierandits trainingrequirements. A qualitative evaluationis oftenbased
onthe personabpinionof theevaluator

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

5.3 The Model

In this sectionthe abstractmodelis proposedto aid in choosinga set of tools. It is abstract
in the sensghat one may chooseto implementthe principlesespousedn mary differentways.
Themodelconsistof 5 stepswhich canbe executediteratively, skippingsomeif appropriatén
the given practicalcontet. By executingthe steps,a so calledtool matrix is constructed.This
matrix documentshe complianceof tools beingevaluatedto stipulatedrequirementsandaidsin
choosinghesetthatcompliesbest.

5.3.1 Application

Themodelis designedo beappliedin diversesoftwareengineeringnethodologieskor example,
in a rigorousmethodwherethe phasesarede ned to be followed sequentially— the ESA Soft-

ware EngineeringStandardEuropeanSpaceAgeng/, 1991]andFusion[Colemanet al., 1994]

for example— the stepsof the model canbe executedat the startof eachphase. In addition,
the selectionof tools canbe revised by iterating the model stepsthroughouta phase. In Agile

developmentmethodologiegAbrahamssoret al., 2002, Auer and Miller, 2003], the modelcan
be appliedequallywell. In sucha methodologywhereprogresds designedo be incremental
throughiterations the modelstepscanbefollowed from time to time to make surethatthe setof

toolsbeingusedstill sufces.

5.3.2 Tool Matrix

Thetool matrixis avisualizationof thetool evaluationandselectiornprocessThe columnsof the
matrix containthe requiredpropertiesof tools, andthe rows of the matrix list the tools andtheir

compliancedo thoseproperties As partof de ning theneedfor aspeci ¢ requirementacriticality

is assignedo eachof the requiredproperties.Thesecriticalities are usedascriteriain choosing
the nal setof tools. Thematrix evolveshy iteratingthe stepsof themodel.

5.3.3 The Steps
Stepl. Find or re ne desied catayoriesof tool support

The rst stepin the processof selectinga setof toolsis to specifythe desiredcatayoriesof tool
support.Theactionsto take in this stepdependnthestatusof theproject. An initial list of desired
tool catayoriesis neededjf the projectis in its beginning stages.As such,certaintools will be
neededfor examplea documentatiorsystem.As aresult,a systento storethosedocumentswill
be neededoo. Oftendevelopershave experiencein the mostcommonshortcomingghat have
beenencounteredn previousprojects.This is helpfulin extendingthelist.
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It is however unusualto nd all desiredcateyoriesat once. Finding andre ning cateyories
of desiredtool supportis arecurringprocesghatshouldbe repeatedhroughouthe development
stages.If the projectis alreadydown the path of development,the questionis whetherthe set
of currently usedtools sufces. As developmentprogressesnen typesof supportare needed,
developersbhecomemorefamiliar with the tools, the tools areimproved, andothertools become
available.Eachof thesemayleadto anew perspectie onthetypeor degreeof tool supporineeded
andits availability. Thiswill leadto are nementof thecurrentlist.

Shortcomingén thecurrenttool supportcanalsobefoundby researchingxistingtools. Their
usefulness$or aparticulardevelopmentprocessanbeappraisedy studyingdocumentationgon-
sultingexperiencereportsandexperimentingwith evaluationcopies.Opensourcetools areideal
for experimenting asthey arefreely availableandeasilyfound. Collaboratve developmentervi-
ronmentdike SourcelBrge [OSDN, 2004blandespeciallyTigris [Collabnet,Inc.,2004]— which
focuseson opensourcesoftwareengineering- provide accesgo toolsandcorrespondingproject
information[Robbins,2003]. A variety of opensourceapplications,ncluding usefultools, are
availablevia websitedik e FreshmeafOSDN, 2004a].

As a startto identifying necessargatayoriesof tools, the list of commonlyusedtools from
Section3.4 maybe useful. Stepl is nished whenall requiredtool supportcatayorieshave been
identi ed.

Step2. Specifytherequiredtool propertiesandtheir criticality in thetool matrix

Oncethedesiredool supporffor thedevelopmeniprocesss knowvn, theidenti ed catgyoriesmust
betranslatednto desiredool properties Thesemaybein theform of desiredfeaturesput should
alsoinclude quality attributes— suchas usability learningcurve or platform support. These
requirementsreof coursepersonalput thena tool matrix is for personaldecisionsupport.It is

alsoimportantto notethat mosttools will have more propertiesthanthosethatarelistedin the
matrix. The matrix shouldhowever only containpropertieghatarerelevantto the project.

Thecriticality of a propertyde nes a measuref its perceved necessity In the model,three
levelsof criticality arede ned:

H — High criticality. A propertyindicatinga highly desiredfeature. The purposeof the
modelis to nd asetof toolsthattogethemwill supportatleastall requiredpropertieswith
this criticality.

M —Mediumcriticality. A propertywith this criticality is desiredput toolsthatdo not have
supportfor this propertymayalsosufce.

L — Low criticality. A propertythat candeterminethe choiceof a tool, whenno decision
canbemadebasedn thepropertieswith highercriticality.

Theselevels do not have to be so discrete. Any desiredgradingcan be chosenin a practical
implementatiorof the model. For example,aninteger value betweern and5 canbe usedfor a
more ne-grainedscale.
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Figure 5.1: A completelypopulatedtool matrix.

Step3. Populatethe rowsof thetool matrix with toolsandits cellswith indicationsof compliance

Whenall requiredpropertieshave beenspeci ed, the rows of the tool matrix are populatedwith
tools andtheir complianceto thoseproperties. The mostimportantconsideratiorhereis which
tools are selectedo be part of the matrix, andwhatthis selectionis basedon. Developersmay
have experiencewith previously usedtools,andthatcanbe useful. The internetcanbe searched
for tools— especiallyfor opensourcetools[OSDN, 2004b,0SDN,2004aCollabnet|nc.,2004].
To searchfor toolsin aspeci ¢ catagyory, thelist in stepl maybeuseful.

Thecells of the matrix arepopulatedor all thetools, by identifying the propertiessupported
by atool, andspecifyingits compliancan thatcell. In this papeywe have useda simpleYes/ No
compliancemeasure— translatingnto blackandwhite blocksin thediagrams— but alsoamore
scaledmeasuref compliancanay, andshould,be adopted.

Oneor morefeatureof atool might be foundthattranslateénto a desiredpropertythatis not
yetlistedin the matrix. In this case step2 needgo be executedagain,by addingthe propertyto
thematrix andde ning its criticality.

Step3is nished whenthecomplianceof all toolsto thedesiredoropertiehasbeenidenti ed,
andwhenno new propertiesor tools canbe added. An exampleof a completelypopulatedool
matrix is depictedn Figure5.1.

Step4. Analyzethetool matrix

Onceall requiredpropertiesandtools arelisted andthe appropriatecells of the tool matrix have
beenpopulatedthe matrix canbe usedto selectthe actualtools that could be used. Beforethe
nal selectionof toolsis made,thetool matrix mustbe analyzedasfollows: If thereis a critical
propertythatis not coveredby a singletool, which canbeidenti ed by anemptycolumnin the
tool matrix, threecasesanbedistinguished:

1. Thetools have not beenexaminedwell enough,and a propertyof a tool alreadyin the
matrix hasbeenmissed.The propertyis thussupportedafterall. This type of problemcan
be avoided by shawing the matrix to experiencedool usersandevaluatingthe tools more
thoroughly

2. Maybetherearetoolsavailablethatsupportthe property but noneof themarelistedin the
matrix, becausé¢hetoolswerenotfound. Gobackto step3, try searchingagain,andinclude
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thetoolsin thematrixif found.

3. No known tool supportsfunctionality for the requiredproperty Toolswhich may support
the desiredpropertybut arenot beingconsideredor someotherreasorshouldbeincluded
in thematrix, with their undesirablgropertiesshaving why they have notbeenselected|t
is importantto documenboththepositive andnegative decisions.

In this casejf notoolis foundto supportacritical property?Therearethreepossibilities:

3.1 Createa customtool to supportthe unsupportedproperty The tool can either be
developedinternally or someoneelsecanbe contractedo developit. This decision
mustbe madebearingin mind severalfactors,ncludingthe costin time andmoney to
developandsupportthetool, andcompany motivationfor suchinvolvement.

3.2 Addthefeatureto anexistingtool. Againthis caneitherbedoneinternallyor arequest
canbemadeto have thefeatureincludedin a next releaseof thattool.

3.3 Reassesthe importanceof the requiredproperty This may involve decreasinghe
propertycriticality or droppingtherequirementntirely

At this point, the processanbe continued.

Stepb5. Selecta setof tools

In this step,an optimumsetof toolsis selectediy goingthroughthe matrix. This setshouldof
coursecover all of thecritical properties.Thelesscritical propertieccanbeimportantto make the
decisionif all the highly critical propertiesare supportedn morethanonetool. Choicesamong
alternatves may however be dictatedby personalpreferencesFor example,you may preferan
integrateddevelopmenternvironment,or a collectionof smaller moretask-orientedools. Coming
to adecisionmayalsoforceyouto considerseveraladditionalfactors.For example:

Are theredevelopergthathave experiencewith thetool?
Is thetool easyto use— doesit have anintuitive graphicaluserinterface?

How well is thetool supported— is it still maintainedis it in betastageor a stableversion,
is thetool availablefor the desiredplatformandsoon?

How muchdoesit costto buy alicenseor usethetool?
How dif cult isit to learnthetool — in termsof man-hours?
How well doesthetool integrateinto the existing setof tools?

It is dif cult toimagineoneidealalgorithmto determinghe nal choiceof toolsthatwill beused.
The matrix providesa detailedtraceof whatis importantin thatchoice,andthe suitability of the
candidates.

Many of the previously mentionedfactorscould also be addedto the matrix, re ning the
desiredproperties.The scopeof whatis included(andwhatis notincluded)in the matrix aswell
asthedeterminingheweightof thefactorsin the nal decisionis upto thedecisionmalers.The
matrix givesthemareasoneghathup to thatpoint.
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5.4 CaseStudies

In the following sections the retrospectie applicationof the modelin two casestudiesis de-
scribed. The casestudyin Section5.4.1involvesthe tool ervironmentof the componendevel-
opmentprocess. After introductionof the componentdevelopmenttool environment,we were
asledto introduceaversionsystemandbuild systenfor theadministratie applicationaswell. In
Section5.4.2thechoicefor thesetoolsis validatedwith thetool matrix. Both casestudiesgive an
indicationhow theuseof the modelexposesoththe strengthsaandthe weaknessein varioustool
choices.

5.4.1 CaseStudy I: The Components

The discussiorbelov indicateshow the abstractmodel from section5.3 was applied after the
factto eight differenttool catgyoriesusedin the componenidevelopmentprocess. This is not
an exhaustve list of tools used,but adequatelyllustratesthe constructioranduseof the model.
Sincethecasestudyillustratesthe useof themodelat alateriterationof the softwareprocessthe
desiredcatayory of tool supportwasalreadyknown at thetime of its application. As a result, it
wasnot necessaryo carryoutthe rst steprecommendeth Section5.3.3.

Thesecondstepin Sections.3.3,specifytherequiredtool propertiesandtheir criticality, was
perhapghe mostchallengingpartof the casestudy Articulating what shouldconstitutea list of
desiredpropertiesproved to be quite challengingand evoked muchdebate the detailsof which
will notberecountedurtherin thenarratie to follow. Theeventualsetof propertiesisedandtheir
criticality assignmentsepresenbur consensusiew re ecting our perceved priorities andpref-
erencesn a particularcontet. Futureapplicationsof the modelin othercontets could perhaps
reusesomeof thesepropertiesput their appropriatenesshouldbe thoroughlyre-assessed.hus,
for example,the authors'preferencdor opensourcetools shouldnot be construedasa universal
endorsementor opensourcein all contexts. The widely acknavledgedpotentialhiddencosts
associateavith opensource(especiallyin regardto limited skills) is anissuethatis orthogonato
the applicationof the model,andshouldbeincorporatedasa propertyin the modelif relevantto
agivencontext.

The third stepin Section5.3.3,in which the rows of the tool matrix are populatedand the
appopriatecellsare lled in, wasnottoo dif cult, sincewe werewell avareof mary alternatve
tools for the tasksthat they had beenundertaking. Neverthelessapplyingthe stepdid involve
a numberof web searcheso discorer new tools that might have becomeavailable,andalso, in
certaincasesto verify or discover whetherparticularproductshad a requiredproperty In this
regard,theversionsystemis animportantexamplewhereanew systemwasdiscoseredthatcould
replacethecurrent.

The following subsectionsvalk throughthe eight differenttool catejory sub-matricesre-
countingsomeof theanalysisjnsightsandconclusionlicited by their construction.Thesesub-
sectionghereforefocusonthefourthand fth stepsof Section5.3.3.

For completenessheinitial overalltool matrix for theeighttool cateyoriesis shavn in Figure
5.2. Note thatthe rst nine columnsenumerategeneralpropertiesthat were consideredo be
relevantto all catgories. Associatectriticality valuesarealsospeci ed. However, thecriticality
valuesin this gure arenominal:in the moredetailedanalysisre ectedin later gures they differ
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from onetool cataeyory to the next. Also, someof the later gures include additionalcateyory-
speci ¢ propertieshatare not displayedin Figure5.2. It wasonly during the analysisstepthat
the needfor thesepropertiesvasperceved. Thisillustratestheiterative natureof the models use
anddevelopment.

Compiler

Asthecomponentsvereto beusedn aDelphiapplicationBorlandDelphihadto be usedto com-
pile them. Thereareseveral a vorsof Delphi,andthreeof themarelistedin the matrixin Figure
5.3. Propertiesn the matrix re ect the characteristicef the developmentprocess.For example,
the developmentprocessncorporatedan automatedouild processwhich, in turn, requiredcom-
mandline accesdo compilerfunctionality— hencea high criticality to the propertyrequiringa
commandine interface.In addition,Windows wasrequiredoy theapplicationdevelopersthough
Unix wasour preferredoperatingsystem. The criticality levels for thesepropertiesre ect these
needs.

Entriesin the rst threecolumnsindicatethatthe only wayto supportall threeof theseproper
tiesis to useacombinatiorof thethreetoolsbeingevaluated.Thiswas,in fact,done.TheBorland
Delphi Enterprisd DE wasusedasthe main developerenvironment. To supportbuilds from the
commandine — for the build system— the commandine compilerwasused. And, sincethe
componentslsohadto bebeusablein Unix, Kylix wasusedfor thatplatform.

Documenting-and modeling tools

In orderto specifywhata components supposedo do, documentsverecreatedo contractually
specifythe requirement®f a componentndto illustrateits design. To this end,a documenting
systemandmodelingtool wereneeded.Thetool matrix in Figure5.4 summarizesheimportant
propertiedor thesetwo tool catgoriesandlists the documentingystemsandmodelingtoolsthat
wereinvestigated.

Theinitial choicefor documentingagndmodelingtoolswasnotbasednatool matrix. Instead,
it hadbeendecidedo useMicrosoftWord bothfor documentingandfor modeling.Thetool matrix
highlightsthe weaknes®f this choice. For example,Word les are storedin a binary format,
which malesit dif cult to automaticallymeige a documentthat is changedby morethanone
developerconcurrently— depictedby the plain text input format property It wasfelt thatWord
doesnotsupplyaconvenientmechanisnfor addingreferencegn adocumentndthereis nodirect
supportfor UML in Word sothatcreatingdesignmodelsbecamdediousandtime-consuming.

Ourrelative independencéwe arelocatedremotelyfrom the applicationdevelopers)allowed
usto choosealternatve documenting-and modelingtools to Word, which wasthe tool thatthe
applicationdeveloperscontinuedto use. We decidedthat Unix supportwasmoreimportantthan
having a GUI, andselectedATpX togetherwith BibTpX asdocumentingsystem. However, the
table indicatesthat MikTeX provides all generaland documentingsystempropertiesthat have
a high criticality level, but on a Windows platform. Furthermore|t includesa graphicaluser
interface.In fact,it is aportof IATEX, BibTEX andrelatedtoolsto Windows, andwould have been
choserif we wereobligedto work in a Windows ervironment.

X g wasthe rst modelingtool that was used. Subsequentiyt was decidedto changeto
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Figure 5.2: Casestudyl matrix.
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Figure 5.3: Compiles.

Figure 5.4: Documentingandmodelingtools.
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Figure 5.5: Versionsystems.

Dia. Thematrix indicatesthattext in gures is easyto manipulateon boththe Dia andMetaPost
systemsThusit is easyto changeroperty methodandprocedurentriesn 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 therewasevenagreatelincentie to switchoverto the MetaPossystem sinceexperi-
encewith Dia shavedthatit wasnotvery stable.(This suggestshatstability shouldbeconsidered
asa propertyin futureiterationsof the modelingexercise).However, thereis a built-in inertiain
changingfrom onetool to the next. In the caseof switchingmodelingtools,theinertiais partic-
ularly severe,becausaill existing imageshave to be convertedto the new system.Nevertheless
aftertacklingthe corversion,we have now switchedto MetaPossuccessfully

Versionsystem

At rst glance,the overall tool matrix in Figure 5.2 might suggesthat the bestversionsystem
choiceis obvious: accordingo that gure, Subversionprovidessupportfor mostproperties How-

ever, the rst stablereleasef Subversionwasonly availableatthetime of constructinghe model.
No suchreleasavasavailablewhenthedecisionfor aversionsystemhadto be made.Fortunately
CVS alsoprovidesfor all critical properties.In addition, mostdeveloperswere alreadyfamiliar
with CVS.

SulversionandCVS do not provide a graphicaluserinterfacethemseles, but therearethird
party GUI front-endsavailablefor bothversionsystemsFront-endgor CVS areWinCVS onthe
Windows platform and Cervisiaon Unix platforms. The widespreadiseof CVS madeit stable
and secure. Maturity and stability are particularlyimportantin a versionsystemtool. When
thesepropertiesareincludedin the matrix, asin Figure5.5, CVS emegesasthe mostappropriate
choice. Neverthelessthe matrix highlights the fact that Sutversionseemsvery promising; it
provides supportfor all critical and non-critical propertiesandit is possibleto migratea CVS
repositoryto Subversion. For this reason,it could be consideredas a tool onceit hasreached
stability.
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Figure 5.6: Install- and build systems.

Install- and build systems

Thematrixin Figure5.6 shavs why thechoiceof aninstall or deploymentsystemwasquite easy
The Nullsoft Install Systemis the only systemto implementall requiredproperties.InstallShield
Expressaproprietarytool, is alsoincludedin the matrix. It is importantto notethatthe choiceof
propertiess mostimportant— a differentseteasilyresultsin a differentchoice. If therequired
propertieswere chosendifferently InstallShieldExpresscould have come out asthe tool that
would t theneeddest.

On the other hand, we had dif culty in choosinga build system. Becausethe individual
componentdevelopmentprojectsall have more or lessthe samesetup— they consistof several
documentandseveral Delphi packages— the build systemhadto be reusabldrom onecompo-
nentdevelopmentprojectto the next. Figure5.6 depictsfour investigateduild systemsThey all
have moreor lessthe sameproperties.SinceFinal Builder is proprietary andsinceopensource
toolswerestrongly preferred threealternatvesremain. Only GNU's automak suite providesa
way of settingup a build for a genericprojectandthenreusingit by instantiatingthat setupfor
eachproject.

However, GNU automale would be hardto con gure for thecomponentievelopmeniprocess,
becausét usesthe M4 macrolanguageandis designedpeci cally for Unix software. A new set
of macros would have to be written for the applicationsusedin the build processMoreover, we
werenot familiar with the languagen which this would have to be done. The matrix shavs that
the simpleto con gure propertywas deemedo have a high criticality. As a result, the matrix
con rms thatnoneof the systemsareboth easyto con gure andallow for a con gurationthatis
reusablebetweenprojects. To this extent, it wasdecidedto develop a customizedouild system,
whichis describedn detailin section6.2.1.
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Figure 5.7: Codedocumensystems.

CodeDocumenting System

Thematrix depictedin Figure5.7 lists the key featureghatwere consideredmportantfor a doc-
umentatiorgeneratiorsystemto be usedfor the componentshatwerebeingdeveloped.Doc-o-
maticis aproprietarytool. In additionto this disadantageits interfacefor producingdocumenta-
tion is disjoint from the interfaceswe arealreadyfamiliar with. Furthermorethe costof learning
it alsohasto betakeninto account.Doxygencould have beenan alternatve, but for the factthat
it lackssupportfor ObjectPascal.In addition,mostof the developersdid not like the generated
outputof Doxygen.

We hadpreviously usedJavadocto createJara APl documentationn anotherproject. How-
ever, Jaadocwasnotanoptionasit is designedspeci cally for Java.

The matrix thereforeindicatesthat no suitabletool could be found that would satisfyall the
requiredpropertieswhich supportshe authors'decisionto createtheir own APl documentation
generatiorsystem. The developmentof this APl documentatiorsystemis describedn Section
6.2.2.Thesystemis calledappDelphiDocwhichis areplicaof Jasadocthatis tailoredfor Object
Pascal.The costof its developmentwashigherthanthe costof buying Doc-o-matic,but the fact
thatit integratesseamlesslyvith the othertoolsis consideredo be a majoradwantage.

Bug- and issue-trackingsystem

In the overall matrix in Figure5.2it is not clearwhich bug- andissue-trackingystemshouldbe
chosenAll relevantsystemsn thatmatrix supportall requiredpropertiesgxceptfor acommand
line interface plaintext inputandscriptabilitywhichwerenotconsideredo have ahigh criticality.

In reconsideringhe matterin orderto generatd-igure5.8 for the bug- andissuetracker tool
matrix, extra propertiesvere addedthat differentiatebetweernthe tools: easyto install and min-
imalistic. PHP Bugtracler complieswith both theserequirements.We in fact originally chose
thattool preciselybecauseét waseasyto install and becausehe necessargener with required
applicationswas alreadyup andrunning. Anotheradwantageof PHP Bug tracler is thatit is a
simplesystem We foundthatScarabandBugzillaweretoo elaboratdor the needsof the project.
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Figure 5.8: Bug-andissue-tadking systems.

5.4.2 CaseStudy ll: The Administrati ve Application

This sectionpresentsa second,smallercasestudyin which the modelwas usedto validatethe
choiceof tools to enhancehe developmentprocessof the enterpriseadministratire application
itself. Thetool matrix depictedn Figure5.9wasusedto analyzethe currentlyusedtools.

Version system

TheapplicationdevelopershadbeenusingMicrosoft Visual SourceSafasversionsystemduring
almostthe entire developmentprocess. Thoughthey felt thatthey were missingquite a lot of
functionality they never really tried to introducea new versionsystem. True branching, for
example,is notsupportedn SourceSafeThismeanthatbugswould besolvedandfeaturesvould
be addedin the maintrunk of the developmenttree. As a result,wheneer a versionthat solved
a bug wasreleasednewn bugswould invariably be introducedinto that samerelease pecauset
containedhew inadequatelyestedfeatures.

Versiontaggingandbranchingsupportareessentiato solwve this problem. With versiontag-
ging every publicly releasedversionof the productcan be marked. Using separatdoranches,
wheneer a bug is reportedthe developersareableto take the latesttaggedreleaseandsolwve the
bug in a separatéoranchandreleasehatversionto the client. This way no untestedeaturesare
included(becauseahe bug is x edin the latestpublic releaseand not in the main development
trunk). Thebug x canthenbememged into the maindevelopmentrunk.

As discoveredin the previously describedtasestudy 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 wasdecidedo switchto the
CVS systemin combinatiorwith the WinCVS front-end.

1Branching,in software con®gurationrmanagements the duplicationof an objectunderrevision controlin such
a way thatthe newly createdobjecthasinitially the samecontentsasthe versionbranchedoff from, and® more
importantlyb developmentcanhapperin parallelalongbothbranches.

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

Autobuild and install system

Thedeveloperdid notyethave agenericbuild system Every developerusedto build thesoftware
within the IDE andanactualreleasavashuilt on a separatsystemusinga custombuild system.
Therewere problemswith that setupbecauséhe con guration of both build processes— IDE

andbuild system— differedwidely. For example theIDE staticallylinkedthesoftware,however,

the actualreleaseversionwas dynamicallylinked. So, the problemsof dynamicallylinking the
new featuresonly cameto suriacewhentheactualversionwasdueto bereleasedAs aresult,the
dynamicbuild processaandtheactualreleasesometimedook aslong asa completeday

Thetool matrix depictedin Figure5.9 shavs thatno tool implementsall of the critical prop-
erties.A slightly modi ed versionof the componentievelopmentbuild systemcouldbe usedfor
theapplicationitself. Thelastcolumnof the matrix shaws thatsupportfor the custombuilt update
tool neededo beadded.Innosetupvasusedto packagdhe applicationsologically it would bea
wisechoiceto keeplnnosetupandincorporatét into the build system.

The systemis currently beingusedandhassigni cantly improved build times. Thetime of
build andactualreleasés reducedrom anaverageof 4 hoursto anaverageof 5 minutes.Because
thereis now only oneautomatedvay of building the system this impliesthat a releaseversion
canbebuilt by ary developerwho cando alocal build.

5.5 Conclusion

Choosingheright setof toolsis important. A well-chosersetof toolscancut down on develop-
mentcostssigni cantly. Opensourceoolsprovedto beanimportantsourcefrom whichto choose
tools. Building a customtool may well improve the developmentprocesdoo, but oneshouldbe
carefulin makingthedecisionto build a new tool internally
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A modelto assistin choosinga setof toolswasintroduced.On the surface,it looksjust like
commonsenseput whenthe processof draving up the matrix is undegone,alot of issueswill
surfacethatwould otherwisehave never cometo mind. Practicalindustryexampleswveregivento
illustratethe usefulnes®f theabstracmodel.

In mostcasestool choicereliesmainly onexperienceandgutfeel. Thesecanbeimpreciseand
misleading.Drawing up a tool matrix formalizesthereasongor achoice,which canbereviewed
or defendedA tool matrix canalsohighlightreasongor problemsn toolsalreadybeingused.

A tool matrix canbe appliedfor personalise,in the sensehatit is instructive justto build up
the matrix. It canbe usedwithin a group of developersto agreeon a setof tools or to corvince
managemenb buy atool thatis needed It canalsoshav thatanopensourcetool ts theneeds
just aswell as— or even betterthan— someexpensve proprietarytool. The tool matrix has
mary practicalpurposesit itself is anothertool to beincludedin a developersoolbox.

Interestingwork still needsto be doneto supportthe procesghatis described.To male it
easierfor peoplethat arein the processof creatinga tool matrix to Il out the requiredprop-
erties,templatetablesthat summarizerequiredpropertiesof a commontool category could be
constructed.In thesetablesno criticalities would be assignedo propertiesbecauseriticalities
aresubjectve.

Generidool matricedisting thepropertieof availableopensourceoolswould alsobehelpful
in the processof drawing up a tool matrix. Thesetableswould needto be revised quite often
becausdoolsareconstantiybeingextendedor changedandnew toolsemegeon aregularbasis.

A tool to createa tool matrix could be helpful asthereare currentlyno specializedools for
this purpose.Suchatool could be ableto assistin makingthe decisionfor the nal setof tools,
becauséhetool matrix allows the choicefor toolsto be deterministic.The previously mentioned
templatetablesthat summarizerequiredpropertiesof a tool cateyory canbe presentedo a user
by the tool matrix supportapplication. Combinedwith schema of propertiesof speci ¢ tool
implementationsthe tool matrix supportapplicationis ableto alreadynarrav down the setof
tools. The importantpart thatis left to the user is lling out the criticalities for the required
propertiesafterwhich thetool matrix supportapplicationcanpresenthe nal setof tools.

Theabstractodelintroducedn this chaptelis speci cally designedo chooséoolsin a soft-
wareengineeringrocessbut couldconcevably bemoregenerallyapplicable. Theway of making
a decision,asdescribediy the model,could alsobe usedin a genericapproacto documenting
thedecisionmakingprocessn 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 computerswhich is newvertheless
almostinevitablya failure if other programmerscan't understandit.

— Entry from the Jargon le byEric S.Raymond

This chaptergivesthe detailsof the practicalwork. Chapter3 highlightedtheimportanceof tools
andChaptefs proposedh modelto choosea setof tools. Thelatterchapteralsoshavedtheresults
of applyingthemodelin practicalcasesThis chaptewill describen detailthe practicalwork for

the nal tool ervironment. The processrom Chapterd wasappliedin practicalcaseswhich are
discussedh this chapteraswell.

6.1 Intr oduction

The rst casestudyfrom Chaptel5 appliedtheabstractmodelfor selectingsoftwaredevelopment
toolsfor the componentevelopmentprocess.The resultingtool ernvironmentneededwo addi-
tional tools to be built: an APl documentatioriool anda customizableautomateduild system.
Thedetailsof the APl documentationiool aredescribedn Section6.2.2andthe automateduild

systemis describedn detailin Section6.2.1.

The proposedmodel from Chapter4 was appliedto sereral projects. We picked two case
studieswhich arediscussedn detailin Section6.3. The rst casestudy concerningthe design
andimplementatiorof a collectionscomponentjs the morestraightforvard case.Capturingthe
requirementprovedto benottoo dif cult, becaus¢he demandgor the componentouldbewell
de ned. This caseis describedn Section6.3.1.
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A lessstraightforvard caseis describedn Section6.3.2, wherethe processwvasappliedin
the developmentof a localizationand internationalizatio component. The speci cation of the
needsfor sucha componentproved not to be easy The implementationof only a component
did not sufce, asupportapplicationwasnecessaryThe processvasappliedfor the designand
implementatiorof boththe componenaindthe supportingapplication.

Furthermorefwo componentso supportapplicationsecurity andencryptionanddecryption
of information, are developedusingthe process. Thesetwo componentsre developedby two
othercolleaguestheir experiencesaredescribedn Section6.3.3. The componentlevelopment
processvasfollowedtoo, for the designandimplementatiorof the API documentatiorool.

6.2 Tool Environment

Figures5.6 and5.7 illustrate the needsfor the automateduild systemand APl documentation
tool respectiely. Both gures wereusedto concludethatthechoiceto build customtoolsin these
casewvasright. Thissectionwill describehetool environmentandthe practicalwork concerning
the constructiorof theautomatedbuild systemandthe API documentatiorsystem.

Using the abstractmodelappliedto the componentasestudy the selectionof tools for the
tool ervironmentcanbe readfrom the diagrams. InterpretingFigures5.3 to 5.8, the following
toolsconstitutethe currenttool ervironment:

CVs

Customautomatedbuild system
IATEX

BibTEX

MetaPost

DelphiIDE
Delphicommandine compiler
CustomAPI| documentationool
NSIS

PHPBugtracler

Fromthesame gures, theimportantrequirementsanberead,for bothcustommale tools. In an
ideal situation,the custommadetool shouldsupportall of the critical andnon-criticalproperties
for thetool cateyory it belongsto.

Oneextra tool cateyory needgo be addedto the tool ervironmentwhich is not discussedn
Chaptels: areleasgublicationsystem A releasgublicationsystenprovidesthe meango make
areleasef a productavailableto the end-usersExamplesare:anFTP sener, publicly accessible
CVS repository anda website. The latter exampleis usedfor the componentsa websitesened
by ApacheandPHPprovideslinks to downloadcomponeninstallerpackagesThisis relevantfor
theautomateduild systemto supportdeplgyment.
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6.2.1 AutomatedBuild System

Figure5.6 shavs that GNU make alreadysupportsall critical andnon-criticalproperties gxcept
a projects con gurationwill not be reusablebetweerprojects.All the Make les for oneproject
needo beadoptedor another— atediougob takingalot of time andeffort. However, GNU make

may be usedif thereis someadditionaltool thatsimpli es Make le administration.UsingGNU

malke is preferredpecausdy usingit, alot of requirement$or theautomatedbuild systemarefor

free. A tool cansimplify building Make les by requiringonly theinputthatdifferentiatedetween
projectsandautomaticallybuilding theMake les, whichis themainfacility of theautomatedbuild

system.

Thecommandine interfaceof atool is theeasiestvayto communicatdrom within Make les.
Will the APl documentatiomool have acommandine interface,thenall but the DelphiIDE, PHP
Bugtracler andthe website(wherethe componentaredeplged) aretoolswith suchacommand
line interface.Interfacingthe IDE or the bugtracler is not highly important,however, thewebsite
mustbe updatecby the automateduild systemto supportautomatedieployment. This problem
is solved by communicatingwith include les thatarereadby PHP to procesghe links to the
packages.

The custommadepartsof the autoluild systemprovide the Make le con guring layer and
deploymentsupport.Ilt wasdecidedthata scriptinglanguagevould be mostuseful,andasdevel-
operexperiencewith Perlwasavailable,Perlwaschoserto implementheautoluild system.Two
scriptswerewritten:

Con gur e — A script that readsa set of project con guration les and createsa set of
Make les to build the project.

Release- A scriptthatreadsthe projectcon guration les anddeplo/s the les thatare
constructedy building the project.

The variablesthat make a projectuniquearestoredin the projects con guration les. A project
hasa top level con guration le identifying and describingthe project,a con guration le for

eachdocumentandacon guration le for thesourcecode.Thecon guration les for documents
andsourcecodecontainrevision numbersthe les thatmustbe build, requiredcomponentsand

soon.

After writing thecon guration les, adevelopercangeneratéhe necessarivake les to build
(a part of) the project. First, Con gure will checkif the programsthat are neededo build the
software are presenton the system. It will warn or err, whenthe appropriateexecutablesould
not befound. Whenthetamgetshave beensuccessfullybuilt, they maybe deplg/ed. The Release
scriptis written to facilitatedeplg/ing (a partof) a project. After checkingwhetherthe developer
increasedheversionnumberandappliedtheappropriatéagsto the CVSrepositorythe scriptwill
uploadthe necessanyes to thewebsererandmodify thewebpagesby replacingseveralinclude
les.

Comparedo thesituationbeforetheautomatedbuild systemwasintroducedpuild timeshave
signi cantly improved. Table6. lillustratesthemeanbuild timesof several partsof threedifferent
componentdeforeand after the introductionof the automatedbuild system. The build times
aremeasuredn an AMD Athlon XP 3000+systemwith 1Gb of memory Thetime neededor
building a documentasnot decreasedhuch,becausehe actionsneededo build adocumenty
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Before After

URD 0m33s 0mO09s
SSD/SDbD 1m10s 0Om?29s
All documents 1m55s 0m39s

Sourcecode(oneDelphiversion) 0m48s 0mO1ls

Sourcecode(all Delphiversions) 2m04s 0mO1s

API documentation Om33s 0mO1s
Installerpackage 3m1l6s 0mO03s
Documenideploment 5m19s Omlls
Packagedeployment 12m37s 0m18s

Table6.1: Meanbuild timesbefoe andafterintroductionof automateduild system.

hand,arenot muchmorecomplicatedhanbuilding it with theautomateduild system.Whenall
document®r all sourcecodeversionsarebuild, alreadya signi cant decreasef build timescan
beobsened. Themostsigni cant decreasef build timeis achieredin the caseof a packagebuild
anddeplyment.

Becaus¢hecomponentshouldberelease@arlyandoften,thesigni cant decreasen package
build anddeplg time is animportantadwvantage.Beforetheintroductionof the automateduild
systemareleaseof a new versionwassometimegpostponedecausaéuilding anddeplging the
packagetook too muchtime. Currently whatever the reasonto releasea new version— even
whenonly aspellingerrorin the APl documentatiotis x ed,for example— anew versioncanbe
quickly andeasilyreleased Besideshe decreasén build timesthe automateduild systemhas
othermajoradwantages:

The probability of makingmistalesis muchlower usinganautomatedystem.Obviously,
whena persomeeddo typein only onecommandnsteadof ten, it is lesslikely thathe or
shemakesa mistale.

Thepossibilityto incorporatecheckdnto thesystem.To preventdevelopersfrom neglecting
prescribedactions,the systemmay halt andinstructthe developerwhich actionsmustbe
taken beforethe operationcanbe continued.

No interactionis requiredwith thedeveloper The systemcanberun without supervision.

Theautomateduild systemis notdesignedor aspeci ¢ operatingsystem.lt only depends
on having speci c toolsinstalled.

Therearealsosomedisadantages.Sometimest canbe morecomplicatednding anerror, be-
causean extra layer— the automateduild system— is added. Also, if additionalactionsare
neededo build or releasea project, the automateduild systemhasto be adapted.The major
disadwantages certainlythe costof developingthe autoluild system.The numberof man-hours
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neededo build theautomatedbuild andreleasesystemis roughly150. The costsseemhigh, how-
everthey arerecoveredeasilywithin ayear Saythe new systemsavesapproximatelyl5 minutes
perdeveloperperday With four developerstheresultis onehoursavedeachday After 150days
theman-hourspenton the systemarepaidback.

Overall, the adwvantage®of the automateduild systemoutweighthe disadwantagesThe most
importantpropertiesof the autoluild systemareto assistin preventing,detectingandlocalizing
errors. The automatedouild systemis an examplethatre ects the importanceof tools, andthe
importanceof choosingtheright setof toolsdescribedin Chapters3 and5.

6.2.2 API DocumentationTool

The context of the software componentsmposesthe needfor a clearly de ned interface. The
functionality of eachclass,andits propertiesandmethodsshouldbe clearly describecandmade
publicly accessibldo the end-users.The populartermfor this is APl documentation The API
documentatiorof a pieceof softwareis the usermanualfor the developersthatwantto usethe
software. Many moderntools allow developersto write APl documentationn their sourcecode
usingspecialcommentstyle. This avoids duplication— of speci cation of types,classegprop-
ertiesand methods— andwhile readingand writing sourcecode, its explanationis at handas
well.

A very populartool for managingAPI documentations Jazadoc. The authorsalreadyused
Javadocfor previous projectsandlikedtheresult. UnfortunatelyJavadocworks with Java source
codeonly, andwe startedo look for asimilartool thatcouldbeusedfor Delphi. Theonly suitable
tool we found was Doc-o-matic. UnfortunatelyDoc-o0-maticis a proprietarytool andbuying the
latestversionfor four developerswould cost$1680,-.

Besideghe price, the decisve factorwasthatintegratingthe codedocumentingool into the
processandbuild systemwould be mucheasiemwhenthetool is customdeveloped.Building the
customizedAP| documentatiortool allows speci cally tailored outputs— a paperdocumentn
exactly the samestyle asthe otherprojectdocumentgor example. The automateduild system
canbe tunedto the inputs and outputsof the tool andvice versa. The tool can comply more
speci cally with specialwishesof the developers.Theseareall adwantageof a betterintegrated
customizedcodedocumentingsystem.Figure5.7 from the casestudydescribedn Section5.4.1,
depictstheseargumentsn theform of atool matrix.

The procesdrom Chapter4 prescribeswvriting a documenthat describesoding standards.
Suchdocumentwas alreadywritten, and before the developmentof the tool was started,this
documenineededo be modi ed. Therulesfor the specialformattedcodecomment,calleddoc
commentwereincludedin the CodingStandard®ocumen{CSD)[Zwartjes,2002]. Thenotation
from Javadocwas usedas a sourceof inspiration. Simultaneouslya URD was written for the
new project, calledappDelphiDoé [Zwartjes,2003]. The tool's designis describedn its SDD
[Zwartjes,2004]. The designis straightforvard: a lexicographicalscannerusedby an object
pascalparser— extendedto readdoc comment— that producesa parsetree (in memory). A
visitor, traversingthe parsetree,generateshe documentation.The visitor's type determineghe
typeof documentatiomhatis written: Hypertext MarkupLanguaggHTML), LATEX, or Extensible

1A compary standardprescribeshe projectnameof anapplicationmustbe pre®xedwith app aswell asthe project
nameof a componenshouldbe pre®xedwith doc
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Lines of codeper pageof documentation
Pagesof documentationper 1000lines of code
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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: Anoverviav of the statisticsof the projectsusedin the casestudies.

MarkupLanguagégXML). Detailedstatisticainformationaboutthis projectcanbefoundin Table
6.2.

Thetool hasbeenbuilt andintegratedinto theautomateduild systemsuccessfullyCurrently
only HTML outputis supported.Roughly 300 man-hourshave beenspentto documentdesign
andimplementthe tool. The analysisfrom the automateduild systemcannotbe appliedin this
casetherecovery of man-hourss notatrivial calculation.The costof buying atool is saved, as
well asthe costof learningto usethattool. The positve andnegative effectsof that othertool
however remainunknavn. In this case,developing a customtool seemdfruitful. The amount
of man-hourss acceptableeomparedo the costof buying a third party tool. But, asalready
mentionedn Chaptel, the necessargautionis in orderwhenthe decisionof building a custom
toolis to bemade.

6.3 CaseStudies

Thissectiondescribeshreecasestudiedo illustratetheresultsof applyingthe procesgrom Chap-
ter4. The casestudiescomprisethe developmentof severalcomponentsandanapplication.Each
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Metric Value
Number of projects 9
Number of developers 4
Total lines of code 76,283

Lines of source code 44,164

Blank lines 9,189

Lines of comment 22,930

Percentageof comment 30%

Table6.3: Anoverviav of the statisticsof all projects.

casestudyis presentedh its own subsectionTable6.2 summarizeshe statisticsfor the selection
of projectsthatsene asa casestudyin this chapter The previously discusse@ppDelphiDodool
is includedin this tableaswell, to give anindicationof the sizeof thatproject.

The componenprojectsdescribedn the rst two casestudieswere startedalreadyin 2002,
usingthe ESA softwareengineeringstandard Both projectswererestartech yearlaterto try out
the naw process.This restartprovided dataon costin man-hoursthatwill be presentedn the
following sections.In addition,the bene ts anddravbacksof applyingthe new processn these
two casestudiesarediscussed.

Thethird casestudydescribeghe developmentof securitycomponents.Thesecomponents
weredesignedandimplementedy two otheremplg/ees. The casestudysummarizesnterviens
with the employeesandshavs the man-hourghey spent.

An overview of the statisticsof the overall setof projects,(includinga total numberof eight
projects)is presentedn Table6.3. The projectsaredevelopedby anddivided amongstfour em-
ployees,including the two authors. Table 6.2 indicatesthe numberof developersthat worked
on the sourcecodeof a project. All four employeesare TU/e studentsandwere hired because
they areableto work independenandbecausehey arecreatve and e xible. Chapter4 already
discussedhetypeof emplo/eesthatarea prerequisitdor a morelightweightprocess.

Consideringrable6.3,it is alsopossibleo regardall softwarecomponentso beonecombined
projectwith a teamof four developers. Within this single project, eachemplog/ee hasits own
responsibilitiedor a speci ¢ part of this project. It canbe interestingto view all projectsasa
singlelarge projectaswell, however, it is notdiscussedn moredetailin this dissertation.

6.3.1 CaseStudy|: Collections

This sectionoutlinesthe developmeniof acomponenthatimplementsollectionsthe rst row in
Table6.2. A realobject-oriente@dpproachio collectionss notincludedin thestandardibrariesof
Delphi5, 6 or 7. Collectionsareessentialn othercomponentandapplicationsandthe needfor
awell designedbject-orientedindextensibleimplementatiorwashigh. A projectcalleddocSet
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wasstartedto ful Il this need. The speci c lifetime managementequirementsandthe speci c
requirementgor usingthe componenin the internationalizatiorcomponentwere of overriding
importanceo customdevelopacollectionscomponent.

Originally, beforethe introductionof the componentdevelopmentprocess,we startedthe
projectby creatingthe managementdocumentationasprescribedy the ESA softwareengineer
ing standard.This setof documentsonsistf a Software ProjectManagemenPlan(SPMP),a
Software Con guration ManagemenPlan(SCMP),a Software Quality AssurancéPlan(SQAP),
and a Software Veri cation and Validation Plan (SVVP). Concurrently while the management
documentsverewritten, we arrangeda meetingwith the custometto discussaboutthefunctional
detailsof the component.The requirementgor the componenturnedout to be straightforvard
andonly two meetingswere necessaryo gatherall requirements.The requirementsvere writ-
tendown in the URD. The following list summarizeghe typesof collectionssupportedby the
componentre ected by therequirement$rom the URD:

Bag— A collectionwithout ary restriction.Theitemsin abagareunordered.
Ordered Bag— Orderedvariantof abag. The ordershouldbe de ned by the developer

Set— A mathematicaset: a collectionthatmaynot containduplicateitems. The contentis
unordered.

Ordered Set— An orderedversionof the mathematicabet. The developershouldbe able
to specifythe orderinghimself.

List — A collectionthatpreserestheorderin whichtheitemsareadded A list maycontain
duplicates.

Stack— A LastIn FirstOut (LIFO) stack.ltemsareaddedontop of the stack,andretrieved
from thetop of the stack.

Queue— A First In First Out (FIFO) stack. Itemsareaddedto the endof the queue,and
retrieved from the headof the queue.

Treeset— A single-rootedree. The itemsareaddedto the root of the treeor to a branch
originatingfrom theroot. Thetreesetprovidesdifferentsearchmechanismsdepth- rstand
breadth- rst. Thetreesetstructurewasaddedn alater stageof the project.

After the URD wasappraed by the customerwe startedworking onthe SRD,ADD, andconse-
guentlythe DDD. The numberof man-hourspentperdocumentredetailedin Table6.4.

By experimentthesourcecodewaswritten by anexternaldevelopmenteamof studentgrom
the university in Sophia,Bulgaria. All designdocumentsvere sentto the developmentteam,
andtheir assignmentvasto implementthe designdescribedn the documents Every weektheir
sourcecodewassentin andthoroughlyreviewed. Theresultingreview reportsweresentbackto
the developmentteamin Bulgaria. Despitethe detaileddocumentationit took the development
teama lot of man-hourgo implementthe componentandit took a lot of man-hourgo review
the sourcecode,andwrite review reports. The limitations of emailanda foreignlanguagemade
communicatingvith the developmenteamdif cult andtroublesomeln theend,theresultswere
very disappointing— the sourcecodewasof poorquality. Thenumberof man-hourspentonthe
sourcecodecanbefoundin Table6.4too.

The projectwasrestartedoy applyingthe new process.The URD wasslightly rewritten, the
SRDandADD werecombinednto asingleSDD, andthe DDD waseliminated,andreplacedcby
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Planned Actual

Managementlocuments 18 16
URD 20 12
SRD 18 18
ADD 20 19
DDD 18 20
Code 150 215
Total 244 300

Table6.4: Man-hous spenton the collectioncomponenbefoe applyingthe new process.

Actual
URD 12
SDD 14
Code 80

Maintenance 40

Total 146

Table6.5: Man-hous spenton the collectioncomponenafter applyingthe new process.

writing API documentation.The completesourcecodewasrewritten and nally the codecould
bereleasedo the customerTable6.5 shavs the man-hoursafterthe projectrestart.

Thenumberof man-hourspentonthe URD afterthe projectrestartis skewed. Actually only
two man-hourswere neededo rewrite the URD. The numberis corrected however, by adding
theman-hourspenton meetingsandcapturingthe requirementbeforethe projectwasrestarted.
As aresult,thetablesindicateno improvement. The importanceof a URD is recognizeddy the
new processwhich explainsthe samenumberof man-hourspenton the URD. No management
documentsieedto bewritten arymore,which sasesapproximatelyl6 man-hours.

A signi cant decreasé man-hourss achievedby replacingthe softwarerequirementphase,
architecturatlesignphaseanddetaileddesignphasehy the new designphase Insteadof writing
threedocumentspnly onedocument— the SDD [Zwartjesand Geffen, 2004] — is written. The
numberof man-hoursspenton the SDD is distortedaswell, becausdhe contentis basedon the
SRDandADD, written beforetherestart.

Implementingthe designtook lesstime after the projectwas restartedas well — 80 man-
hourscomparedo 215 man-hoursa decreas@f morethan50%. The differencein man-hours
canbe explainedby codereuse but mostof the sourcecodehasbeencompletelyrewritten. The
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exorbitanthumberof man-hoursnostprobablymustbe attributedto unskilleddevelopersor their
lack of understandingf the design.However, thereareno cleargroundsto attribute thedecrease
of implementatiorcostto thenew process.

6.3.2 CaseStudy II: Inter nationalization

Initially theadministratre application— the mainproduct,whereinthe softwarecomponentsire
used— wastamgetedto be sold in the Netherlandnly. Intersoftwantsto expandits market
for its systemto foreign countries,but the producthasa Dutch userinterface. The software
mustbe internationalized.Unfortunately Delphi's built-in internationalizatio and localization
functionalitylackssomeimportantfeatures.For example,it is not possibleto useonetranslation
of a sentencdor all occurrencesn the userinterfaceof the application: the samesentenceahat
occursmorethanonce, hasto be translatedmultiple times. Section4.6 alreadydescribecthe
pitfalls of duplication.

Themainproblemof internationalizingheadministratie applicationwasthefacttheapplica-
tion hadbeendeveloped— in Dutch— for alongtime. Commoninternationalizatio librariesare
basednincorporatingmultilingualfacilitiesfrom the startof a project. Thiswasthedecisve fac-
tor to customdeveloptheinternationalizatin andlocalizationcomponentTherefore theauthors
wereasledto solve this problemby developingsoftwareto managehe processf translatinghe
application.

We choseto split the projectinto a componento internationalizeandlocalizethe application
anda supportapplicationfor managinghetranslationsandlocalespeci ¢ information. Table6.2
includesstatisticalinformation aboutthe two projects. The developmentof the componentand
applicationwill beelaboratedn thefollowing sections.

Upfront, a lot of requirementdor both the internationalizatio componentand supportap-
plication were unstableand not that well knowvn. Becauseof the small and iterative cyclesin
the constructionphase newv requirementsand maintenancend performanceproblemssuriaced
immediatelyin the constructionphase.The adaptvity andagility of the customizeccomponent
developmentprocessnadeit possibleto easilyanticipateon this changingervironment,andsat-
isfy the customels wishes. In addition,the supportingtools, andespeciallythe automateduild
andreleasesystemthatis describedn Section6.2.1,proved their valueto supportthe agility of
theprocessA new versionof thecomponenbr applicationcouldbe madereadilyavailableto the
customemwith theautomateduild andreleasesystem.

Component

Theinternationalizatiorandlocalizationcomponents dividedinto threesubcomponents:

Inter nationalization and localization — Componenthatprovidesa mechanisnto look up
sentenced aspeci ¢ languageandfunctionalityto localizeanapplication.

Logging — Componento log certainmessaget a le.
User messaging- Componenthatprovidesa mechanisnfor informing the user

Thecomponents calleddocTLUM, whichis shortfor docTranslateLogUserMessaginThe
componentsesspecialinput les: atranslationdatabasdor the sentenceandtranslationsand



87 CHAPTER 6. PrRACTICAL WORK

Planned Actual

Managementiocuments 16 14
URD 45 25
SRD 25 5
ADD 40 -
DDD 20 -
Code 250 -
Total 376 44

Table 6.6: Man-hous spenton the internationalizatiom componenbefole theintroductionof the
new process.

a region databasdor locale information. The supportapplicationthatis describedn the next
sectioncanbe usedto managehe contentsof theseles. Thebig adwvantageover the translation
mechanisnprovided by Delphiis that eachsentencéiasto be translatedonce multiple occur
rencesof the samesentenceare substitutedoy the sametranslation. This decreasefranslation
costsbecausaisuallya x edamountof mone pertranslatedvord hasto be paid.

After the documentatiorof the collectionscomponentwas nished, the userrequirements
phaseof this componenstarted.While the developmenteamin Sophiawaswriting the codefor
projectdocSetthe documentdor the internationalizatio componentould be written. The full
ESA standardvasappliedfor the internationalizatiorcomponent. The documentsverewritten
with theintentionto have thedevelopmenteamin Sophiamplementhis componenaswell, after
they nished thecollectionscomponent.

Table6.6 summarizesheamountof man-hourgplannedandthe man-hourghatwereactually
spentup to the software requirementphase. The developmentprocesswvas interruptedin this
phase.The asco with the developmentteamin Sophiadelivering poorquality sourcecode,and
the thoughtsaboutlighteningthe software engineeringorocessywerethe causeto interruptwork
onprojectdocTLUM. Theresultscanbefoundin Chapter.

The projectwasrestartedo applythe new process.Table6.7 shavs the man-hourghatwere
spentafterapplyingthe new processThe URD wasalreadyexternallyacceptedy the customer
To correctthe distortednumberof hoursfor the URD, the man-hoursspenton intervievs and
capturingrequirementareaddedo the numberof man-hourspentcornvertingthe URD [Geffen
andZwartjes,2003b]. Becausehis is a morecomple project,an SSDwaswritten insteadof an
SDD. Approximately40 man-hourshave beenspenton the SSD [Geffen and Zwartjes,2003a],
which is lessthan the estimatechoursfor the SRD and ADD together— 65 man-hours. The
estimatedor the SRD and ADD of the collectionscomponenturnedout to be quite accurate.
Assumingthatthe original estimatedor this projectwereaccurateaswell, the numberof man-
hoursis decreasetly approximately80%in this case.
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Actual
URD 27
SSD 40
Code 240

Maintenance 60

Total 367

Table6.7: Man-hous spentontheinternationalizaion componenafter projectrestartandapply-
ing thenew componentievelopmenprocess.

The30%improvementmaynotbeanimprovementf the man-hoursavedin this stageof the
projectarespentin a later stage. For examplea lacking design. However, the actualhoursthat
have beenspenton coding— 240man-hours— arecloseto numberof 250 man-hoursestimated
in the rst planningof theproject. Secondlythedesignwasunchange@ndprovedto besufcient
while it wasimplemented.

Another60 man-hourshave beenspenton maintenanceo far. Thisis likely to increasebe-
causghecomponents being x ed,improvedandextended About 25% of themaintenancéours
were spenton bug x es and the remaining75% were spentaddingnew featuresthat were not
originally capturedn the URD.

For the componentthe customizeddevelopmentprocesswvas particularly usefulbecausen
the constructiorphase several new requirementsvereneeded While the componentvasimple-
mented,it wastestedon a scale thatturnedout to be too small. The large numberof sentences
becamainmanageablélo this end,the customemwantedto have statussupportfor sentenceghe
ability to divide sentencefto multiple translationdatabasesandto extendthe informationthat
is loggedby the component.The adaptvity of the new procesanadeit possibleto solve these
problemsmmediatelyandquickly.

Support application

An application calledappTranslatoris developedto improve themaintainabilityof thetranslation
andregion (locale)database— theinput for theinternationalizatio andlocalizationcomponent.
Theapplicationmainly consistf two editors:aneditorfor atranslatiordatabasandfor aregion
databaseBesidegheseeditors,the applicationcontainsadditionalfunctionsto simplify working
with thetwo databased-or example:

Adding supportfor new languageso atranslationdatabase.

Import missingsentencefrom alog le thatis generatedby theinternationalizatiorcom-
ponent(it is possibleto enablethe componento log all sentencethatcouldnotbelocated
in thetranslationdatabase).

Merge two translationdatabasesgitherto combinetwo supportedanguage®r to meige
translations.
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Actual
URD 30
Prototype 10
SDD 40
Code 250

Maintenance 100

Total 430

Table6.8: Man-hous spenton the supportapplicationfor theinternationalizatio component.

Functionalityto corvertatranslationdatabaséo a CommaSeparate®/alues(CSV) le and
vice versa.Thisis usefulto editatranslationdatabasevith anexternalapplication.

Functionalityto import sentencefrom a StructuredQueryLanguaggSQL) databaser to
translatehe contentf a SQL databasénto anothedanguage.

Preview adate time, curreng or numberaccordingo thelocaleinformationfrom aregion
database.

Table 6.8 gives an indication of the hoursspenton the supportapplicationfor the internation-
alization component. The processdescribedn Chapterd wasappliedto this projecttoo. The
explorationphasetook 40 hours— 30 hoursfor writing the URD [Geffen, 2003]andanextra 10
hoursfor creatingthe prototype. In caseof an applicationit is worth the effort to prototypethe
userinterface. This may help boththe customemnddeveloperto bettervisualizethe application
andmayleadto de ning new or correctingrequirementsseeChapter4.

The exploration phasefor this applicationtook more man-hourghanfor the the collections
andinternationalizatio componentGatheringherequirementsor this applicatiorwaslesseasy
Neitherthe customemor the developerhadin mind exactly the requirementgor the application
beforehand. Several meetingsand intervievs were necessanpeforeall requirementdad sur
faced.An SDD [Geffen, 2004] waswritten for this projectandthe designphasewas nished in
approximately0 hours.

Two factorscausedan increasen the numberof man-hoursspentin the constructionphase.
The grid componenthat was usedto visualizethe translationdatabasevasfoundto lack some
featuresat somepoint. It wasdecidedo substitutehegrid componentvith amoreadvancedoro-
prietarythird-partygrid, thatimplementghelackingfeatureslt took approximatelyt0 additional
man-hourgo incorporatehe advancedgrid. However, ananalysisshaved thatimplementingthe
lackingfeaturesn the original grid would have taken even moretime. Secondlythe projectwas
theleaddevelopers rst independenthdevelopedapplication. He alreadyimplementedhartsof
the componentssomeadditionaltime wasneededo familiarizewith the detailsof implementing
a standalon@pplication.The high numberof man-hoursn the maintenance@hasearecausedy
new majorrequirementsthattook a signi cant amountof man-hourgo implement.
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Actual
URD 10
SDD 15
Code 80

Maintenance 40

Total 145

Table 6.9: Man-hous spenton the applicationsecuritycomponent.

ApplicationappTanslatoiwastestedon a small scale:the applicationitself senedasits own
testcase.Thisledto performancéssuesvhenthetranslationdatabaséor Intercleanvascreated.
In comparisorwith the translationdatabaseof appTanslatoy Intercleans translationdatabase
containsabout fteen times more sentencegand supportssix more languages.Maintenanceof
the translationdatabaseurnedout to be dif cult becausef the sizeof the translationdatabase.
BecausappTanslatowastestedby the Intercleardeveloperasmmediatelywhentherewasa rst
working versionof the applicationavailable, the performanceproblemswere detectedearly in
the developmentof appTanslator This allowed us to slightly redesignandrefactorthe codeto
improve performanceor large translationdatabasesand usethe new designto implementthe
remainingrequirements.

6.3.3 CaseStudy lll: Security

Toincludeexperiencesf two otheremplgreeswith the processrom Chapter, athird casestudy
wasconductedwhich is aboutsecurity To protectend-usergrom violating their licensesyules
for userrights areembeddednto an application. To enhancehat part of the application,andto

malke userrights andlicensingmore maintainable several componentsre build to abstractand
encapsulatsecurityandlicensingof anapplication. Two componentsvill be highlightedin this

section: vizLicensé and docEncrypt. ProjectvizLicenseimplementslicensingand application
security anddocEncrypimplementencryptionanddecryptionof data. Thelastrow in Table6.2

lists projectvizLicense.No informationis includedin thattableaboutdocEncryptasthe source
codeis notyet nished atthetime of writing.

Licensingand user rights

To implementsecurityin an application,the visual userinterface componentsieedsupportfor
applicationsecurity ThevizLicensecomponents anextralayer, thatcanbe usedin conjunction
with a previously developedcomponentor applicationsecurity It addsthe necessargupportto
visual itemsof the userinterface. The man-hoursspentin the projectcanbe foundin table6.9.
Thedeveloperresponsibldor this project, WouterBijlsma, alsodevelopedthe previous layer—

2Componentsvith avisualinterfacearepre®xedwith viz insteadof doc
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implementingthe coreapplicationsecurityconcepts He tried out the procesfrom Chapterd, on
bothprojects,andwe interviaved Bijlsmato nd outwhathethinksof the process.

Beforel startedwith the designof the docLicenseandvizLicensecomponents al-
readyhadsomeexperienceapplyinga morerigorousdesignprocesgo the develop-
mentof medium-sizedoftwareprojects.This experienceaesultedrom aninternship
andtwo software engineeringprojects,onein therole of a projectmemberandthe
otherin the role of projectmanager This experiencesenes very well for compar
ison with the agile developmentprocessappliedto vizLicenseand,in lessdegree,
docLicensg.

ThedocLicensecomponentvasthe rst component designedin my new job], and
| startedoff usinga developmentmodelthat wasstill quite rigorous. [The process
from Chapter4 was underdevelopmentat the time. Bijlsma usedan intermediate
versionfor his project.] This turnedout not to be completelyoverdonebecauséghe
components quitecomplex andhasa lot of independentiserrequirementshatcan
be hardto explain to otherdevelopers but during the designprocesd learnedthata
few thingscouldbe donemoreef ciently. For docLicensd wroteafull- edged SSD
(asopposedo anSDD), andl would probablydo the samenow becaus®f theextent
andcomplity of the componentHowever, someaspect®of the original SSDsene
no critical purposespeci cally theclassinterfaceandpropertytables.The API docs
thataregeneratedrom thecodeusingthe APl documentatiomtool arefarmoreuseful,
containa lot more informationthat is automaticallyextractedfrom the structureof
the code,andaremuchmoremaintainablgéhanthe SSDinterfacedescriptionsBest
of all, the generatedAPI docscanactually be usedduring the developmentof new
software that is using the componentspecausdhey can be viewed and navigated
on-line. Paperdocumentsrenot corvenientwhenyou areprogramming.

After the docLicensecomponentwas nished | startedthe vizLicensecomponent.
For this componenthe agile developmentmodelwasusedexclusively. This resulted
in a very swift completionof the URD and SDD, without sacri cing their usability

ThevizLicensecomponents quite simplein termsof its functionalityanddesignso

everythingthat doesnot contritute to the nal codedesignor the descriptionof its

functionalitywould beoverdoing. The URD andSDD bothtook underl5 manhours,
wherethe docLicensdJRD and SSDtook 25 and 32, respectiely. In comparison,
writing anURD, SSD,ADD andDDD, asprescribedy the (rigorous)ESA software
engineeringstandardusedfor previous projectsl took partin took around250 man
hoursfor documentatiomlone.l do nothave theimpressiorthatthe extratime spent
addsto thequality of the nal softwareproduct.In fact,it appearso methattheextra

time availablefor implementatiorissuesonly improvesthe quality of thecode.

Summarizing,my experiencewith rigorousand agile designprocessess that the
addedoverheadof documentingeverythingto the nest detail doesnot addto the
quality of the nal softwareproduct. This doesnot meanthatdocumentinghe user
requirementainddesignof your softwareis uselessilt is indispensableHowever, by
usingthe right tools that can substitutedesigndocumentatiorthat otherwiseshould

3Thenameof the projectto develop the componenthatimplementshe corefunctionalityfor applicationsecurity
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Actual
URD 25
SDD 32
Code 39

Maintenance 0

Total 96

Table6.10: Man-hous spenton the securitycomponent.

have beenwritten by hand,andby strippingout everythingthat doesnot addto the
understandingf the componentijts design,or the functionality it shouldprovide, a
lot of time canbesaved. Thesaredtime canthenbereallocatedo improve thequality
of the nal softwarecomponent.

Encryption and decryption

To protectsensitve informationin anapplication— suchaspasswrds,amountsof money, and
soon— from gettingpublicly available,anencryptionanddecryptioncomponents neededThe
projectto build thatcomponenis assignedo a newvly hired emplo/ee,ashis rst project. The
man-hourdespentonthe URD andSDD aredepictedn Table6.10. Thecomponents currently
beingimplementedhencethe numberof man-hourspentto codein Table6.10is not nal.

The numberof hoursspenton the documentss slightly higherthanin the previousdiscussed
projects. Most probablythis increasecanbe attributedto the factthat the developeris new, and
thatit is his rst project. We alsointervieved theresponsibleleveloper Rick vanBijnen,to nd
out his experiencesvorking with the procesdor the rst time. A summary:

Thisismy rst project,andthereforemy only experiencewith the[componentHevel-
opmentmethods.Becausdthe project]is not even nished, | haven't beenthrough
the entire procedure. My experienceis thereforelimited to the exploration phase,
designphaseandconstructiomphase.

Explorationphase:This phasas completed.Basicallyit boils down to constructing
theURD.| nd the URD avery usefuldocumentijt clearly outlinesthe goalsof the
project. It alsoforcedme to do properresearchon encryptionandits possibilities
beforestartingon the designand implementationwork. The otherteammembers
did not do this researchbut | think this shouldbe an obligation. This would avoid
discussiongaboutrequirementshatturn outto beamisunderstandingf the material.
Also, properbackgroundknowledgeis essentiafor the reviewing phaseof the URD.
This partshouldbetaken moreseriouslyin thefuture.

Designphase:The designphasds completed.| [madethe choiceto create]lan SDD
for this project. The [document]malkes surethat you think thoroughly aboutthe
designof your softwareinsteadof just startingoff programming.On the otherhand,
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sometimesyou have to decideaboutissuesthat you shouldbetterpostponeuntil a
later stage but | think thatthis is a minor disadwantagecomparedo the bene ts of
the well thoughtout designthatis a resultof the SDD. | do not feel thatl amover
documenting.

Implementationphase: This phaseis currentlyin progress.| cannotcommenttoo
much aboutthis. Coding standardsare a good thing to have. The designis al-
readyrecordedn theSDD, which simpli es theprogrammingsigni cantly andreally
speedsip theimplementatiorprocess.

The point van Bijnen makes aboutthe exploration phasecan be debated.Researclcertainlyis
partof the explorationphase andall teammembersshoulddig into the material. However, in a
review, the authorsof the documentshouldbe ableto explain and corvince the reviewersabout
requirementsvhennecessaryAt leasttheauthorshouldbeableto pointthereviewersto literature
explainingtheissueghatwerenot understood.

6.4 Conclusion

This chapteranalyzedthe practicalwork that was undertakn to customdevelop two tools and
the effect of thesedevelopmentsin addition,theresultsof testingout the proposedievelopment
processn several projectswerepresented.

The studyof theautomateduild systemshavedthatthetool decreasethetime to build and
deploy a component.An investmentof man-hourshovever was neededn adwance,to develop
the build system. The code documentingtool had no measurableffects on the development
process.However, alot of positve reactionshave beenreceved from developersthatareusing
thegenerated\Pl documentation.

The proposedievelopmentprocesswas appliedsuccessfullyto the six projectsdescribedn
this chapter No majorproblemswyereencounterech ary of the phasesandthedevelopersreacted
positively. The processscalesto componentaswell asapplications. In the caseswherecom-
parabledatawasavailable,the new processdecreasedhe numberof hoursrequiredfor writing
documentatiomndthe numberof hoursfor theimplementatiomemainedhe same.

The adoptionon the newly formulated,customizedorocesshasled to improvementsof the
entiredevelopmentprocess.The developmentof the internationalizatiorcomponenandsupport
application,for example,have bene ted from the new processpecausdhe requirementavere
unstableandthe designneededo be changed. The adaptvity of the processmadeit possible
to go backto previous phasegnoreeasilyand x the problemsas soonaspossible. The tools
that supportthe processhave a signi cant impacton the adaptabilityof the processaswell. An
automatedbuild andreleasesystemfor example decreasedeplo/menttime,whichis particularly
usefulin a processwith small, iterative cycles. It is the combinationof both processandtools,
thatimprove the productvity andeffectivenessof the developersin the componentdevelopment
contet. Thebene t of toolsis maximizedwith acompatibleprocessandthebene t of aprocess
canbemaximizedwith compatibletools.






Chapter 7

Conclusion

Theresearclyuestionsn Sectionl.1have beenansweredndirectlythroughouthedissertationin
thischapterthesequestionareansweredlirectly by a shortsummaryof whathasbeenconcluded
in thepreviouschaptersin addition,thequality andorigin of theanswersandrelevantfuturework
is discussed.

1. Whatis the current scopeof software engineeringmethodologyand more speci ¢, whatare
the main trendsor directionsin the area?

Historically, softwareengineerings associateavith a hearyweightcharacterTo overcomeprob-

lemswith hearyweightmethodsanew trendin softwareengineering— calledlightweightor ag-

ile — hasemeged. Additionally, anotherrelateddirectionhasevolved — calledthe opensource
movement— basedon a high level of collaborationaroundpublicly accessiblesourcecode. As

aresult,threetrendswereidenti ed, all having their own uniquecharacteristics{1) hearyweight

software engineering(2) agile software engineeringand (3) opensourcesoftware engineering.
Chapter2 containsasummaryof therelevantliteratureon this topic.

2. Whatare the differenceshetweenthe directionsof software engineeringmethodologiesand
can software engineeringmethodsbeclassi ed?

Theweightis the key differencebetweerhearyweightandagile. Tables2.1and2.2list speci ¢

characteristicanddifferencedetweergileandhearyweightsoftwareengineeringOpensource
software engineeringesemblesgile software engineeringo a greatextent. Cockhurn [Abra-

hamssoret al., 2002], however, aguesthat opensourcesoftware developmentdiffers from the
agiledevelopmentimodelin philosophicaleconomicakndteamstructuralaspects.

It isdif cult to classifyasoftwareengineeringnethodologyto behearyweightbecausaopre-
cisede nition of hearyweight software engineeringsxists. However, the Agile Manifesto[Beck
etal., 2001] canbe usedto classifya software engineeringnethodasagile,andthe OSD [Open
Sourcelnitiative, 2004]canbe usedfor a projectto be certi ed opensource.Chapter2 discusses
thedifferencesetweerthedirectionsof softwareengineeringnethodologiesaswell asclassify-
ing amethod.
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3. What are the main considerationsthat in uence the choice of a software engineering
methodologyfor a project?

Section2.7 addressetheanswelto this question.Thenumberof peoplein aproject,thecriticality
of a project,the available budget,andteamstructuralaspectsare the mostimportantfactorsthat
mustbe consideredvhena methodologyfor a projectis chosen.Not all of the factorshave to be
x edin adwancefor a given project. Fixedfactorswill in uence the choicefor the variableones.
In businessthe budgetof a projectis oftenthe mostimportantfactor

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

Themethodologyselectiorcriteria,from Section2.7 wereappliedto thecomponentievelopment
ervironment,describedn Section4.9. The numberof peopleinvolved is small, the criticality
low, the available budgetis minimal andthe teamis co-locatedin the sameof ce. As a result,
theagile methodologywasconcludedo be the mostsuitableapproachWheneer the parameters
— suchascriticality andscale— of the componentevelopmentprocesschange the choiceof
methodologyshouldberecon rmed.

5. What software engineeringmethodis bestsuitedfor the developmentof software compo-
nents?

It wasdecidedto formulatea customprocessgdescribedn Chapter4, for the developmentof the

componentshasedn previousexperienceawith thealreadyexisting ESA lite softwareengineering
standard.The ESA lite standardvas chosenoriginally — beforethe researctdescribedn this

dissertatiorwas started— but turnedout to betoo heary. This wasanimportantfactorto start
thisresearch.

Empiricaldatafrom the casestudiesin Chapter6 con rm thatthe nenly formulatedcompo-
nentdevelopmentprocesss moreef cient. Thecomponentevelopmenprocessanbeclassi ed
as agile accordingto the Agile Manifestoand also by comparingthe componentdevelopment
procesdo the characteristicslescribedn thetablesde ned in the answerto the secondresearch
guestion.This analysiscanbe foundin Section4.9. The casestudiesin Chapter6 involve small
projects.Whethertheprocesscaleso mediumsizedor large projectsis to beinvestigatedurthet

6. Whatimpactdo toolshave on a projector, more general,whatis their impacton a deelop-
mentprocess?

Toolscandecreas¢he developmenteffort — andthusthe cost— of a project. The development
effortis decreaselly assistingn managingnistalesin threeways: (1) by preventingerrors,(2) by
detectingandlocatingerrors,and(3) by xing errors.Furthermorethey have asigni cantimpact
in asoftwareengineeringprocesdecausehey canbeavaluableresourcdo assisin adheringo a
certainsoftwareengineeringnethod.Moreover, toolscanhelpto de ne the softwareengineering
process— with the opensourcedevelopmentprocessasan example. Theimportanceof toolsis
discussedn Chapter3.
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7. How to choosethe toolsfor a developmentprocesspr morespeci ¢ for a project?

Usually tools aremainly choserbasedon experienceandintuition, which canbeimpreciseand
misleading. A modelto assistin choosinga setof toolsis introducedin Chapters, including
examplesthatillustrate the usefulnes®f the model. The modelmales explicit the practicalre-
guirementdor the tools that are neededn a processor project, aswell asthe propertiesof a
collectionof tools. As aresult,adecisionbasecnthemodelis madetransparenti-utureresearch
may focuson a softwaretool to managdool matricesaswell asassistin choosinga setof tools
basedn atool matrix.

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

8. Which toolsare commonlyusedto enhancethe developmentprocess?

Basedon our experience a study of literatureon this topic, and an analysisof several projects,
therearethreetools that are commonlyusedto improve the developmentprocess:(1) a version
control system,(2) a bug andissuetrackingtool, and (3) a build system. However, in another
contet, othertoolsmayalsoimprove the developmentprocessfor example testingtools may be
valuable.The contets thatareusedto answetthis questioraredetailedin Section3.4.

The amountof disciplinethatis necessaryo introduceand usea tool, is a majorin uence
onatool's valuein the developmentprocess.This amountof disciplineis differentfor eachtool.
Whetheratool is successfuindvaluablein aspeci c contet, maybeexplainedby thediscipline
factor This canbe aninterestingresearchopic, which is not addresseih this dissertation.The
disciplinefactoris closelyrelatedto the costpropertieof atool.

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

The model, from the answerto question?7, was appliedto choosea setof tools for the newly

formulatedcomponentdevelopmentprocessjn Section5.4.1. Although the modelwasapplied
retrospectiely, it proved thatthe currentsetof toolsis sufcient andjusti es the choiceto de-
veloptwo customtools. For the developmentof a tool matrix managemeranddecisionsupport
application the datafrom the casestudiesn Sectionss.4.1and5.4.2maybe useful.

Themodelshouldbe appliedagainin thefuture,becaus@en toolsmaybe availableor needs
maychange Additionally, if teammemberdeave or new teammembergoin, tool preferencenay
bedifferent,consideringfor example thedisciplinefactor

10. Whatis the relation betweenpeopleand a software engineeringprocess?

Thepeopleinvolvedis the mostimportantfactorin aprocesor project. FromChapter2, it canbe
concludedhata lightweight procesgequirescreatve andresponsie people. A greatersenseof
freedomin alightweightprocessstimulatesdevelopercreatvity. A hearyweightprocesconcen-
trateson providing somethingo hold onto. A teamwith a majority of lesscreatve people,will
bene t morefrom a hearyweight process.The major differencebetweenagile andhearyweight
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processedn people,s thatanagile processs moldedto the speci ¢ team,andin a hearyweight
processtheteamis moldedto the process.



List of Abbreviations

ACPI AdvancedCon gurationandPower Interface
ADD ArchitecturalDesignDocument

API ApplicationProgrammingnterface

ASD Adaptive SoftwareDevelopment

BSD Berkeley SoftwareDistribution
BSSC Boardfor SoftwareStandardizatiomandControl

CASE ComputerAided Software Engineering
CMM CapabilityMaturity Model

CP ConstructiorPhase

CSD CodingStandard®ocument

CSV CommaSeparate®alues

CVS ConcurrenVersionsSystem

DDD DetailedDesignDocument

DP DesignPhase

DRY Don't Repeatrourself

DSDM DynamicSystemdevelopmentMethodology
DSS DocumentStatusSheet

ECSS EuropearCooperatiorfor SpaceStandardization
EP ExplorationPhase
ESA EuropearSpaceAgeny

FDD FeatureDrivenDevelopment
FIFO FirstIn FirstOut
FSBN FondsStudiepunterBuitenNederland

GDE GTK DevelopmentEnvironment

GENESIS Generalizedervironmentfor ProcessManagementn Cooperatie Software Engi-
neering

99



L1ST OF ABBREVIATIONS

GIMP GeneralmageManipulationProgram
GNU GNU's Not Unix

GPL GeneraPublicLicense

GTK TheGIMP Toolkit

GUI GraphicalUserInterface

HTML Hypertext MarkupLanguage

IDE IntegratedDevelopmentErnvironment
IEEE Instituteof ElectricalandElectronicEngineers

KDE K DesktopEnvironment
KIVI  Koninklijk InstituutVaningenieurs

LGPL Library GPL
LIFO LastIn FirstOut

MP Maintenancé’hase
MTBF MeanTime BetweenFailure
MPL Mozilla PublicLicense

OOAD ObijectOrientedAnalysisandDesign
OOP ObjectOrientedProgramming

100

OPHELIA OpenPlatformandMethodologiedor DevelopmeniToolsintegrationin aDistributed

Environment
OSD OpenSourceDe nition
OSI OpenSourcelnitiative

PHP PHPHypertet Preprocessor
PSE ProgrammindgsupportEnvironment

PSEE Process-centeresbftware Engineeringenvironment

PSS ProceduresStandardsindSpeci cations
QPL Q PublicLicense
RUP RationalUni ed Process

SAIEE SouthAfrican Instituteof ElectricalEngineers
SCMP SoftwareCon gurationManagemenPlan

SD SoftwareDesign

SDD SoftwareDesignDocument

SEE SoftwareEngineeringervironment



101

SEI SoftwareEngineeringnstitute

SLOC SourcelinesOf Code

SPMP SoftwareProjectManagemenPlan
SQAP SoftwareQuality AssurancédPlan

SQL StructuredQueryLanguage

SRD SoftwareRequirement®ocument

SSD SoftwareSpeci cationDocument

SUM SoftwareUserManual

SVVP SoftwareVeri cation andValidationPlan

TU/e Technisch&JniversiteitEindhosen

UML Uni ed ModelingLanguage
URD UserRequirement®ocument

WYSIAYG WhatYou Seels All You Get
WYSIWYG WhatYou Seels WhatYou Get

XML ExtensibleMarkuplLanguage
XP ExtremeProgramming

L1ST OF ABBREVIATIONS






Bibliography

[Abrahamssoretal., 2002] PekkaAbrahamssorQuti Slao,JussiRonkainenandJuhaniwarsta.
Agile softwaredevelopmenimethods:Reviews andanalysis. ESPO02002 2002.

[Auer andMiller, 2003] Ken Auer andRoy Miller. ExtremeProgrammingApplied: Playingto
Win. Addison-Weslgy, 2003.

[Becketal., 2001] KentBeck,Mike Beedle Arie van BennekumAlistair Cocklurn, Ward Cun-
ningham,Martin Fowler, JamesGrenning,Jim Highsmith, Andrev Hunt, Ron Jefries, Jon
Kern,Brian Marick, RobertC. Martin, Steve Mellor, KenSchwaber Jef SutherlandandDave
Thomas.Theagile manifesto.[Online]. Available: http:/iwww.agilemani fes to. org, 2001.

[Beck,1999] KentBeck. ExtremeProgrammingExplained:EmbmaceChang. Addison-W\esley,
1999.

[Boldyreff etal., 2003] CorneliaBoldyref, Mike Smith, Dawid Weiss, David Nutter, Pauline
Wilcox, StepherRank,andRick Dewar. Environmentsto supportcollaboratve softwareengi-
neering.In Coopeative Methodsand Toolsfor Distributed Softwae Processes2ndWorkshop
on Coopeative Supportdor DistributedSoftwae EngineeringProcessed-rancoAngeli2003.

[Booch,1991] GradyBooch. Object-OrientedAnalysisAnd DesignWith Application Benjamin-
Cummings1991.

[BrooksJr, 1987] FrederickP. BrooksJr. No silver bullet - essencend accidentof software
engineeringlEEE Computey20(4):10-19,1987.

[BrooksJr., 1995] FrederickP. BrooksJr. The Mythical Man Month: Essayon Softwae Engi-
neering Addison-W\esley, 1995.

[Browne,1998] CristopherB. Browne. Linux and decentralisedievelopment. First Monday
3(3),March1998.

[CoadandYourdon,1991] PeterCoadand Edward Yourdon. Object-OrientedDesign Prentice
Hall, 1991.

[Cockhkurn, 2000] Alistair Cockhurn. Selectinga project's methodology IEEE Softwae, 17(4),
2000.

[Colemanetal., 1994] Derek Coleman,Patrick Arnold, StephanidBodoff, Chris Dolin, Helena
Gilchrist, FionaHayes andPaul Jeremaedbject-OrientedevelopmentTheFusionMethod
PrenticeHall, 1994.

103



BIBLIOGRAPHY 104

[Collabnet,Inc.,2004] Collabnet,Inc. Tigris.olg: Opensourcesoftware engineering.[Online].
Available: http:/Higris.org/ , 2004.

[DiBonaetal., 1999] Chris DiBona, SamOckman,andMark Stone. Introduction. In Chris Di-
Bona, SamOckman,and Mark Stone,editors,OpenSouces: Voicesfrom the OpenSouce
Revolution O'Reilly andAssociatesCambridgeMassachusett4,999.

[Engelsetal., 2001] Gregor Engels Wilhelm Schafer, RobertBalzer andVolker Gruhn.Process-
centredsoftwareengineeringervironments:academi@ndindustrialperspecties. In Proceed-
ingsofthe23rd internationalconfeenceon Softwae engineeringpage71-673IEEE Com-
puterSociety 2001.

[EuropearSpaceAgengy, 1991] EuropearSpaceAgeng. ESAPSS-05-0SSUE2: ESASoftwae
EngineeringStandads EuropearSpaceAgengy, 1991.

[EuropearSpaceAgeng/, 1995a] EuropearSpaceAgeng. ESAPSS-05-01SSUEL REVISION
1. Guideto the Softwae EngineeringStandads. EuropearSpaceAgengy, 1995.

[EuropearSpaceAgendg/, 1995b] EuropearSpaceAgeng. ESAPSS-05-02SSUEL REVISION
1: Guideto the UserRequiementde nition Phase EuropearSpaceAgeng, 1995.

[EuropearSpaceAgeng/, 1995c] EuropearSpaceAgeng. ESAPSS-05-03SSUEL REVISION
1: Guideto the Softwae Requiementde nition Phase EuropearSpaceAgengy, 1995.

[EuropearSpaceAgeng/, 1995d] EuropearSpaceAgeny. ESAPSS-05-04SSUEL REVISION
1. Guideto the Softwae Architectuial DesignPhase EuropearSpaceAgengy, 1995.

[EuropearSpaceAgeng/, 1995¢] EuropearSpaceAgeng. ESAPSS-05-05SSUEL REVISION
1. Guideto the Softwae Detailed Designand ProductionPhase EuropeanSpaceAgend,
1995.

[EuropearSpaceAgengy, 1995f] EuropearSpaceAgengy. ESAPSS-05-06SSUEL REVISION
1. Guideto the Softwae TransferPhase EuropearSpaceAgengy, 1995.

[EuropearSpaceAgeng/, 1995g] EuropearSpaceAgengy. ESAPSS-05-0TSSUEL REVISION
1. Guideto the Softwae Opemtionsand MaintenanceéPhase EuropearSpaceAgengy, 1995.

[EuropearSpaceAgeng/, 1995h] EuropearSpaceAgeng. ESAPSS-05-08SSUEL REVISION
1: Guideto Softwae ProjectManagement EuropearSpaceAgengy, 1995.

[EuropearSpaceAgend/, 1995i] EuropearSpaceAgeng. ESAPSS-05-09SSUEL REVISION
1: Guideto Softwae Con guration Management EuropearSpaceAgengy, 1995.

[EuropearSpaceAgengy, 1995j] EuropearSpaceAgeny. ESAPSS-05-10SSUEL REVISION
1. Guideto Softwae Veri cation and Validation Phase EuropearSpaceAgengy, 1995.

[EuropearSpaceAgengy, 1995k] EuropearSpaceAgeny. ESAPSS-05-11SSUEL REVISION
1. Guideto Softwae Quality AssuancePhase EuropearSpaceAgengy, 1995.



105 BIBLIOGRAPHY

[EuropearSpaceAgendg/, 1996] EuropeanSpaceAgeng. ESABSSC(96)ASSUEL: Guideto
ApplyingtheESASoftwae EngineeringStandadsto SmallSoftwae Projects EuropearSpace
Agengy, 1996.

[EuropearSpaceAgeng/, 2004] EuropeanSpaceAgeng/. Collaborationwebsiteof the ECSS.
[Online]. Available: http://www.ecss.nl , 2004.

[FellerandFitzgerald,2000] JosephFeller and Brian Fitzgerald. A frameavork analysisof the
opensourcesoftware developmentparadigm. In Proceedingof the twenty r stinternational
confeenceon Informationsystemspages$8—69.Associatiorfor InformationSystems2000.

[FreeSoftwareFoundation2004a] Free Software Foundation. Freesoftware foundation. [On-
line]. Available: http:/iwww.gnu.org/fs fif sf. ht ml, 2004.

[FreeSoftwareFoundation2004b] FreeSoftware Foundation.Gnugeneralpublic license.[On-
line]. Available: http:/iwww.gnu.org/co pyl eft /g pl. html, 2004.

[FreeSoftwareFoundation2004c] FreeSoftware Foundation.Gnu operatingsystem.[Online].
Available: http:/fiwww.gnu.org/ , 2004,

[Gammaetal., 1995] Erich Gamma,RichardHelm, RalphJohnsonandJohnVlissides. Design
Patterns: Elementof ReusabléObject-OrientedSoftwae. Addison-Wesley, 1995.

[GeffenandZwartjes,2003a] JoostvanGeffenandGertjanZwartjes.Softwae Speci cationDoc-
ument:docTLUM IntersoftSoftware Research2003.

[GeffenandZwartjes,2003b] Joostvan Geffen andGertjanZwartjes. User Requiementdocu-
ment:docTLUM IntersoftSoftwareResearch2003.

[Geffen, 2003] Joostvan Geffen. User RequiementsDocument:appTanslator IntersoftSoft-
wareResearch?2003.

[Geffen, 2004] Joostvan Geffen. Softwae DesignDocument:appTanslator IntersoftSoftware
Research?2004.

[Goerzen2000] JohnGoerzenLinux ProgrammingBible. IDG booksWorldwide,2000.

[HighsmithandCockhurn, 2001a] Jim HighsmithandAlistair Cockhurn. Agile software devel-
opment:The businesof innovation. IEEE ComputerSociety 34:120-122Septembe001.

[HighsmithandCockhurn, 2001b] Jim HighsmithandAlistair Cocklurn. Agile softwaredevel-
opment:The peoplefactor IEEE ComputerSociety 34:131-133Septembe001.

[Highsmithetal., 2001] Jim Highsmith, Jef Sutherland,RobertL. Glass, LarissaT. Moss,
PhilippeKruchten,Larry Wagney and Lou Russel. The greatmethodologieslebate:Part 1.
CutterIT Journal, 14, Decembef001.

[Highsmithetal., 2002] Jim Highsmith, Alistair Cocklurn, StephenJ. Mellor, Ivar Jacobson,
Brian Henderson-SellerandMatt Simons.ThegreatmethodologieslebatePart 2. CutterIT
Journal, 15, January2002.



BIBLIOGRAPHY 106

[HuntandThomas,1999] Andrew HuntandDavid Thomas.ThePragmaticProgrammer: From
Journgmanto Master Addison-W\ésley, 1999.

[livari, 1996] Juhanilivari. Why are casetools not used? Communicationf the ACM,
30(10):94-1030ctober1996.

[Jackson;1995] MichaelJackson.Softwae requirments speci cations:a lexicon of practise
principlesandprejudices ACM Press/Addison-\8&le/ PublishingCo.,1995.

[Janlowski, 1997] David J. Janlowski. Computeraidedsystemsengineeringmethodologysup-
port andits effect on the outputof structuredanalysis. Empirical Softwae Engineering: an
InternationalJournal, (1):11-38,1997.

[Jefriesetal., 2000] RonJefries, Ann AndersonandChetHendrikson.ExtremeProgramming
Installed Addison-Wesley, 2000.

[Jonesetal., 1997] M. JonesC. Mazza,U.K. MortensenandA. Schefer. Twentyyearsof soft-
wareengineeringtandardisatiom ESA. [Online]. Available: http://fesapub.esrin. esa.it /
bulletin/bullet90/b9 0jo nes.ht m 1997.

[KernigharandMashg, 1979] Brian W. KernigharandJohnR. Mashe. Theunix programming
environment. Softwae Practiseand Experience 9(1):1-15,1979. Also in IEEE Computer
Vol. 14 (4), April 1981.

[Khan,2004] Ali Khan. A taleof two methodologie$or web development:Hearyweightversus
agile. TenthAustralian World Wide Web Confeence(AusVé¢b), 2004.

[Kitchenhametal., 1997] BarbaraA. Kitchenham StepherG. Linkman,andD. Law. Desmet:a
methodologyfor evaluatingsoftware engineeringnethodsandtools. Computingand Contol
Engineeringlournal, pagesl20-1261997.

[KochandSchneider2000] Stelin KochandGeog Schneider Resultsfrom software engineer
ing researchnto opensourcedevelopmentprojectsusingpublic data.Diskussionspapieraum
Tatigkeitsfeld Informationserarbeiting und InformationswirtschaftH.R. Hansenund W.H.
Janlo (Hrsg.),Nr. 22, Wirtschaftsuniersitat Wien, 2000.

[Koch,2004] SteanKoch. Agile principlesandopensourcesoftwaredevelopment:A theoretical
andempiricaldiscussionLectuie Notesin ComputerScience3092:85-932004.

[LeBlancandKorn, 1994] Louis A. LeBlancand Willard M. Korn. A phasedapproacho the
evaluationandselectionof casetools. Informationand Softwae Technolayy, 36(5):267-273,
1994.

[MaccariandRiva, 2000] Alessandraviaccariand Claudio Riva. Empirical evaluationof case
toolsusageat nokia. Empirical Softwae Engineering 5(3):287-2992000.

[Moody, 2002] Glyn Moody. RebelCode: Linux andthe OpenSouce Revolution Persue$ub-
lishing, 2002.

[Mozilla, 2004] Mozilla. Mozilla.org - homeof mozilla, refox, thunderbirdandcamino. [On-
line]. Available: http:/iww.mozilla.or g/, 2004.



107 BIBLIOGRAPHY

[NaurandRandell,7 11 October1968] P. NaurandB. Randell,editors. Softwae Engineering:
Reportof a confeencesponsoed by the NATO ScienceCommitteeBrusselsScienti ¢ Affairs
Division,NATO, 7-110ctobey 1968.

[ObjectManagemenGroup,2004] ObjectManagemenGroup. Uml resourcepage. [Online].
Available: http:/iwww.uml.org/ , 2004.

[OpenSourcdnitiative, 2004] Open Sourcelnitiative. The opensourcede nition. [Online].
Available: http://www.opensource .or gld ocs/de fin iti on_pl ain .ht ml, 2004.

[OSDN, 2004a] OSDN. Freshmeat.nefOnline]. Available:http:/mww.freshme  at. net /, 2004.

[OSDN, 2004b] OSDN. Sourcefoge.net. [Online]. Available: http://www.sourcefor ge.net/ ,
2004.

[Ossheretal., 2000] Harold OssherWilliam Harrison,andPeriTarr. Softwareengineeringools
and ervironments: a roadmap. In Proceedingof the confeenceon The future of Softwae
engineeringpage61-277ACM Press2000.

[Osterweil,1987] LeonOsterweil.Softwareprocessearesoftwaretoo. In Proceeding®fthe9th
internationalconfeenceon Softwae Engineering pages2—13.IEEE ComputerSocietyPress,
1987.

[Oxford University, 6th edition2002] Oxford University Oxford AdvancedLearners Dictio-
nary. Oxford University Pressgth edition2002.

[Perens1999] BrucePerens.The opensourcede nition. In Chris DiBona, SamOckman,and
Mark Stone,editors,OpenSouces: Voicesfrom the OpenSouce Revolution O'Reilly and
AssociatesCambridgeMassachusett4,999.

[Plessis1993] AnnetteL. du Plessis.A methodfor casetool evaluation. Informationand Man-
agement25(2):93-1021993.

[RandellandBuxton,27 31 Octoberl969] B. Randelland J.N. Buxton, editors. Softwae En-
gineering Techniques: Reportof a confeencesponsoed by the NATO ScienceCommittee
BrusselsScienti ¢ AffairsDivision, NATO, 27-310ctobey 1969.

[Raymond,2001] Eric Steren Raymond.The Cathedal andthe Bazaar: Musingson Linux and
OpenSouce by an AccidentalRevolutionary O'Reilly andAssociates2001.

[Reisandde MattosFortes,2002] Christian Robotto Reis and RenataPontin de Mattos Fortes.
An overview of the softwareengineeringorocessandtoolsin the mozilla project. In Proceed-
ingsof the OpenSouce Softwae Developmenihorkshop pagesl55—-175February2002.

[Robbins,2003] JasorE. Robbins. Adopting opensourcesoftware engineeringosse)practises
by adoptingossetools. [Online]. Available: http:/iwww.ics.uci. edu/7j ro bbi ns/ papers /
robbins- msotb.pdf , 2003.

[Rumbaugtetal., 1991] JameskR Rumbaugh Michael R. Blaha, William Lorensen,Frederick
Eddy, andWilliam Premerlani.Object-orientedModellingand Design PrenticeHall, 1991.



BIBLIOGRAPHY 108

[SharmaandRai, 2000] SrinarayarSharmaandArun Rai. Casedeploymentin is organisations.
Communicationsfthe ACM, 43(1):80-882000.

[ShlaerandMellor, 1992] Sally Shlaerand Stephenl. Mellor. ObjectLifecycles:Modellingthe
World in State PrenticeHall, 1992.

[Shlaer 1988] Sally Shlaer Object-OrientedSystemgAnalysis: Modelling the World in Data
PrenticeHall, 1988.

[Stobartetal., 1993] S.C.Stobart, Anton J.vanReelen,andGrahamC. Low. An empiricaleval-
uationof theuseof caseools.In Proceeding®fthesixthinternationalworkshopon Computer
aidedsoftwae engineeringpages81-87.IEEE ComputerSociety 1993.

[Szyperskietal., 2002] ClemensSzyperski,Dominik Gruntz,and StephanMurer. Component
Softwae. AddisonWeslgy, 2002.

[Theunisseretal., 2003] Morkel TheunissenDerrick Kourie,andBruce Watson.Standardsind
agilesoftwaredevelopment.In Proceeding®f SAICSIT2003: AnnualReseath Confeenceof
the SouthAfrican Institute of ComputerScientistaand Information Technolajists pagesl78—
188, Fourways,SouthAfrica, SeptembeR003.SAICSIT, ACM.

[TorvaldsandDiamond,2002] Linus Torvaldsand David Diamond. Justfor Fun: The Storyof
an AccidentalRevolutionary HarperBusines®2002.

[TrolltechAS, 2004] Trolltech AS. Q public license. [Online]. Available: http:/iwww.
trolltech.com/licens es/ gpl - annot ate d.h tml , 2004.

[Vixie, 1999] PaulVixie. Softwareengineeringln ChrisDiBona,SamOckmanandMark Stone,
editors, Open Souces: Voicesfrom the Open Souce Revolution O'Reilly and Associates,
CambridgeMassachusett4,999.

[ZwartjesandGeffen, 2004] GertjanZwartjesandJoostvanGeffen. Softwae DesignDocument:
docSet IntersoftSoftwareResearch2004.

[Zwartjes,2002] GertjanZwartjes. Coding Standads Document Intersoft Software Research,
2002.

[Zwartjes,2003] GertjanZwartjes.UserRequiementocument:appDelphiDoc IntersoftSoft-
wareResearch2003.

[Zwartjes,2004] GertjanZwartjes.Softwae DesignDocument:appDelpiDoc IntersoftSoftware
Research?004.



