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Software Process Improvement in Geant4*

G. Cosmo CERN-IT/API, Geneva, Switzerland
Abstract

Applying a SoftwareProcessmprovement(SPI) programto GEANT4 [1] representa
ratherchallengingiask,bothin termsof softwaredevelopmentandorganisationamatters.
Thecompleity of the softwareinvolved,thewide areasof applicationof the software
product,the hugeamountof codeandCateyory compleity, andthe sizeanddistributed
natureof the Collaborationitself areall ingredientswhich involve andcorrelatetogether
mary aspect®f SPI.

In addition,differentlevelsof applicationof an SPIprogrammustbe consideredaccording
to the statusof eachCategory DomaincomponentAlthoughin productionandavailableto
thepublic sinceDecembe1 998,the GEANT4 softwareproductincludessomeCategory
Domainswhich arestill underactive development.Thereforethey requiredifferent
treatmenin termsof improvementof the developmentycle, systentestinganduser
support.

This documensummarisethe currentstatusof the SPI programappliedto GEANT4 and
initiatedlastyear, aspartof the project’s milestonedor years2000and2001.
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Introduction

The GEANT4 projectstartedn Novemberl994,whenit wasappraoved by the DRDC (Detector
ResearclandDevelopmentCommitteelasCERNR&D project(RD44)[2]. From1995to its
completionin 1998the projecthasreportedto the LHC Committee(LHCC/LCB) meetingthe
requiredmilestonesThefirst prototypewasdeliveredat theendof 1995,thefirst alphaversion
wasreleasedn spring1997andthefirst betaversionwasannouncect mid-1998.

Thefirst productionversionwasdeliveredat the endof 1998. With this releaséhe RD44 project
metits goalsandwasthereforecompleted Since1999the ProductionService,UserSupportand
developmenif GEANT4 have beenmanagedy theinternationalGEANT4 Collaborationwhich
is basedon a Memorandunof UnderstandingMoU) [3] amongthe participatingLaboratories,
ExperimentsandNationallnstitutes.

The GEANT4 softwarehasbeendevelopedvia a collaboratiorworld-wide of about100
scientistscomingfrom over 40 institutesandexperimentdn Europe RussiaJapanCanadaand
United States At thistime of writing, it is currentlyatits fourth majorproductionrelease
distributedto public.

Software Process Improvement Goals

By SoftwareProcesset is intendedthe setof processessedby anorganizationor projectto
plan,manageexecute monitor, controlandimprove its softwarerelatedactiities. Software
Processedefinethe practiceghatareusedin the productionandevolution of the software.
Themaingoalof the SPIprogram[4] in GEANT4 is to understanddetermineandpropose
applicableproceduregor softwaredevelopmentandmaintenancén the Productionphaseof the
softwareproduct.Thelastassessmermn the project(basedn the SPICE[5] Model) was
performedn Octoberl998,i.e. duringthe R&D projectphase We profitedfrom experienceof
membersn the GEANT4 Collaboratiornto helpidentifying weaknessein thoseareasvhereto
apply SPI. At the sametime, we stressn consideringSPlasagradualprocesgo applyalong
with the softwarelife cycle andbeingindeed‘life cycle driven”. We expectto continuethis
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actvity, by performingassessments futureto addresshoseareagreviously notinvestigated
andto monitor progresf the SPI programitself.

Threemainareasof applicationof SPlin GEANT4 werechosenin the currentphase:
Object-Orientedinalysis& Design(OOAD) softwarecycle, Quality Assurance& Optimisation
(QA) andSystemTesting.

ConcerningDOAD, thegoalis to guaranteg¢hatthe codequality will notdegradewith time and
assurea coherentevelopmentwherecouplingwill notincreasewith thecompleity of the
software,by applyingthe suggeste®Plactionsassociatedvith aregular QA actiity.
Actionssuggestedor QA embraceseveralactvities to beregularly applied,bothin a global
contt andwithin eachcomponentiomainof the project. Theseactiities aim to improve
overall usabilityandrobustnes®of theapplicationsat run-timeandto improve quality,
maintainability portability andreliability of the codein general.

Actionssuggestedor testingaim to improve the SystemTestingactvity itself, assurats
continuityandintegrationwith the normalsoftwaredevelopment A well organisedandwell
integratedSystemTestingactvity will helpindirectly to improve the quality of the usersupport
by frequentreleasingof well testedcode.

Establishingvell definedmethodsandproceduress of vital importanceor GEANT4, whose
mandates to provide a softwareproductandmaintainit over areasonablyong life-time with
continuedgoodreliability androbustness.

Software Processes

Many softwareprocessemaybeaddressetly SPlarisingfrom variousprocessategories:
primarylife-cycle of softwaredevelopmentsupportindife-cycle, managemenrocesses,
organisationalife-cycle andusersupplierprocessesProcessebelongingto eachcategory may
becorrelated Thereforethe correlationamustbe takeninto consideratiorior ary assessment.
Amongthesecatgorieswe canidentify thefollowing processeghe completdist of software
processe ISO 15504[5] canbefoundin appendixA):

e Developmenior Engineeringorocessessystem& softwarerequirementsnalysis,
softwaredesign softwareconstructionsoftwareintegrationandunit testing,software
maintenance
Documentation
ConfigurationandChangeManagement
ProblemResolution
Quiality AssuranceandMeasurement
SystemTesting,AcceptancendReleasing
VerificationandValidation
Reviews, Audits andJoint Reviews
ProjectTasksManagement
Risk Management
ImprovementProcess
Procesgstablishment
HumanResourceManagement
Infrastructure

e UserSupportDistribution
A particularprocesscanbe deploed at differentlevels of generality Tailoring of processess
requiredsometimedor differentdomainsbecausef quality, of stability requirementsor dueto
the evolution phaseof a specificdomain,or in orderto adapta procesdo the people.SPlis a
processvhich mustbeappliedwith thefull supportof all partiesconcernedgraduallyandafter
identifying theright prioritiesandobjectves|8].
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4.1

Current Status in Geant4

Most of the proceduresndmethodsof applicationof softwareprocessementionedn this
sectionderive from the RD44 project[2] specificationsThey wereappliedduringthe
developmentphaseof the project,but arestill valid especiallyfor thosedomainsof the project
wheredevelopmenis in progress.

Primary life-cycle processes

Thelife-cycle modeladoptedor mostdomainsn GEANT4 is bothiterative andincremental
(alsocalledspiral approach]9]. ThestepsamongAnalysisof Requirementd)esign,
Implementatiorand TestingarerepeatedRefinementandextensiondo detaileddesignand
sometimeslsoto thearchitecturenave beenappliedaccordingto nen requirement®r design
issuesIn thecurrentProductiorandMaintenancehasethelife-cycle modelis iteratve for most
domainsijt allows the applicationof successie refinementdo the existing architectureby
applyingexperiencedolutionsto analysisanddesigniterations.

¢ Requirementglicitationprocess:
Problemdomainanduse-cas@analysidedto elicitationof the UserRequirement§10]
duringtheinitial phaseof the project. UserRequirementtave beensystematically
reviewed andupdatedollowing the ESA PSS-05softwareengineeringtandard11]. The
UserRequirement®ocument{URD) is now maintainedn a sourcerepositoryproviding
alsoautomaticversioning;it will be subjectto revision duringyear2001. Sourcesf the
URD for specificprojectdomainswill bealsokeptandmaintainedn therepositoryand
availableto membersf the Collaboration.

e SoftwareDesign:
TheBooch(Unified) [9] methodologyis emplgoedfor Object-Orienteddnalysisand
Designof the software. The Booch/UML notationhasbeenchoserasthe common
language for documentatiomf designsandinternaldesignreviews. Old documentsn
Boochnotationexist andarebeingprogressiely updatedcandcorvertedto UML.
TheRationalRoseCASE tool [12] hasbeenextensvely usedfor theinitial generatiorof
thedesigndocumentsind,whererequired for reverseengineering Standardlocuments
providedfor architecturabnddetaileddesignare:

— TheclassCategory Diagram shawing the overall pictureof the problemdomain
analysign the project,the userelationsbetweerthe differentclassCateyoriesand
thedependencflow. A correctdomaindecompositiorandawell consideredetof
dependenciegvoiding circular userelationships)allows working groups
associatedo eachCategory domainto work largely in parallel,establishingalsoa
hierarchyfor delivery.

— ClassDiagrams relationshipsamongclassesandtheir mainattributesandmethods
definingtheinterfacesareshavn in thesediagrams Classesregroupedaccording
to Cateyoriesor sub-CatgoriesandClassDiagramsrepresenthe structureof the
specificsub-system.

— ScenarioDiagrams(ObjectDiagramsor Interaction Diagramg: shav how existing
objectsrelateeachotherin thelogical designof the system.They canbe usedto
illustratea preciseeventandshav how objectsinteractthroughtheirinterfacesin a
temporalsequence.

— ClassSpecification®r MissionStatementsdescribemissionandmain (public)
functionalitiesof a genericclass.A SoftwareReferencenanualis alsoprovided.

e SoftwareConstruction:
Programmingandcodingguidelineq13] wereadoptedrom the beginning. It wasfelt
importantnotto imposetoo fixedrulesor style-cowentionsfor aworld-wide collaboration
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like GEANT4, but just flexible andadequatguidelineshasicallydealingwith adhesiorto
the objectorientedparadigm(data-hiding encapsulatiorgtc.),performanceand
portability of the software.

Packagingof the softwarehasstrictly followedthe domaindecompositionnto Categyories
andsub-Catgoriesthatresultedfrom the designprocessWherever applicable classes
defininginterfacesarepackagedn sub-Catgoriesseparatelfrom theconcreteclasses
implementingsuchinterfaces.In suchaway, classedelogingto a Category collaborateo
provide a setof servicesn are-usablevay.

Toolsfor Quality Assurancareused mainly in theareasconcerningsourcecodefiltering
for codingrulesviolationsandrun-timememorymanagemeniCodefiltering is
periodicallyperformedtwice ayear)in a“global” contect, andrecentlyanautomatic
mechanisnior submittingcodefiltering throughWWW usingthe CodeWzardtool [14],
hasbeenintroduced.This allows to any developerin GEANT4 to submitunit-package
sourcecodefiltering andreceve theresultsautomaticallyby e-mail.
SoftwarelntegrationandUnit Testing:
Systemaggr@atesthatcanbetestedogetherareidentifiedaccordingtio thedependenc
structureof Cateyories.Relatedestsareregularly monitoredaspartof theroutinetesting
procedure$l?].

Unit testingis performedndipendentlywithin eachCateyory or sub-Catgory andtestsare
implementedrying to maximizecoverageasmuchaspossible.
SystemTesting,AcceptanceindReleasing:

SystemTestingactvity is deplo/ed by aspecialisedeam,the SystemTestingTeam(STT).
Proceduresor testing[17] andreleasind18] aredefinedandstrictly appliedin orderto
guaranteeegularandefficient delivery of well testedsetsof tagsincluding bug-fixes
and/ornew development.Thereleaserocedurdoreseeghattagsfor thevarious
Cateyoriesaresubmittedin groupswherethe orderstrictly follows thedependenc
structuredefinedby the classCategory Diagram.Acceptanceestswhich arealsoincluded
in routinesystemtestsarebuilt andrun separatelyy the ReleaseManagerduringthe
releasgphase Major public releasesredistributedtwice ayear Bug-fixesarecollected
andperiodicallymadeavailableaspublic patchesr minor releases.
SoftwareMaintenance:

In orderto achieve maintainablesoftwareandensurdts quality, theadoptionof standards,
wherever possiblejs promoted Encapsulatiorof component$s maximised,
interdependencandunit compleity is minimised.We try to assureportability of the
softwareby constantlymonitoringthe evolution of compilerson differentsystem
architecturesandby avoiding adoptionof system-dependesblutionsor naive language
featuresvhereverit is thecase.

Traceabilityof updatesextensionsandbug-fixesto the codeis assuredy meansof
maintainingad-hochistoryfiles, regularly taggingthe codeandby trying to disentangle
routinedevelopmentfrom bug-fix updateg18].

UserSupport Distribution:

Thetermsof the UserSupportin GEANT4 aredefinedin thearticle 2 of the Memorandum
of UnderstandingMoU) [3] document Contactpersondor eachworking groupare
nominatedandareresponsibldor managingandresolvingproblemreportssubmittedoy
usersthroughthe WWW by meansf the GEANT4 ProblemTrackingSystem[24], which
automaticallyassignsa problemreportaccordingo the specifiedCateyory domain
affected.

The GEANT4 WWW site[1] alsoprovideson-linedocumentationa FAQ pageandthelist
of contactpersondor eachWorking Groupdomain.A public UserForumbasedn
Hypernavs [25] will alsobe setupsoon.



4.2 Supporting life-cycle processes

e Documentation:
As userdocumentatiofl9], GEANT4 providessix documentgavailableon-linefrom
WWW) addressingnherentlydifferenttopicsandlevels of expertise:

— Introductionto GEANT4: ageneraintroductionto the GEANT4 toolkit, mandate,
requiredcomputingernvironment,usersupportpolicy.

— Installation Guide guideto a step-by-stepnstallationof thetoolkit and
specificatiorof requiredresourcesindthird party softwareandtools.

— User's Guidefor ApplicationDevelopes. providesa step-by-steputorial in theuse
of GEANT4 for agenericuser;it describeshe usageof thetoolkit for practical
applicationsandalsofor moreadvanceduses providing examplecodes.

— User’s Guidefor Toolkit Developes. guideorientedto developerswho wantto
contritute to extendfunctionalitiesin the GEANT4 toolkit - like, addingnew physics
processes)ew particletypes,etc. It includesa large partof the designdocuments
(mainly classdiagramsyelatedto theimplementatiorof the systemkernel. It also
includesa guidanceon how to extendthefunctionality of eachclasscateyory.

— PhysicsRefeenceManuat containsa detaileddescriptionof the physicsmodels
emplo/edin simulatingvariouskinds of physicsprocessesnplementedn the
toolkit.

— Softwae RefeenceManual includesthe descriptionof the definitionsof most
relevantclassesndtheir publicinterfacemethodslt’s automaticallygenerated
from the sourcecode.

Documentationn theform of commentsn the sourcecodeis alsoprovided, basicallyfor
useof toolkit developers.

Userexamplesdistributedwith thetoolkit arereferencedn thedocumentationn form of a
self-tutorial,startingfrom “novice” examplesshaving simpleapplicationsof the GEANT4
toolkit, to “extended”examplesfor specificapplicationsfo “advanced”’examplesshaving
realandcompleteapplicationsandusingexternalextensiondor advancedgraphicsor
analysismodules.

Designdocument@remaintainedn a separatesourcerepositoryavailableto developersn
the Collaborationtogethemith the UserRequirementslocumentandthe Training Kit
Tutorial.

TheTrainingKit Tutorial hasbeendevelopedto addresshreedifferentkind of courses:

— Shortl-dayLectue - shortgeneralkcourseof 1 day;

— Sdool-typeCourse- coursesuitablefor a school,about5 hourslecturesplus
hand-onsessionsvith exercises;

— Academic-styléectues- seriesof lecturesfocusedon specifictopicsfor
approximatrely 3-5hours.

Documentspaperspublicationsandmuchmoreis alsoavailablefrom the GEANT4
WWW site[1].
e ConfigurationrandChangeManagement:

— Softwae Configuation Management A sener for softwareanddocumentation
repositoriess in place;it is basedon CVS[20] asbasictool for concurrenwersion
managemenflhe codeanddocumentsn therepositoriesareaccessibléo members
of theCollaborationthroughAFS [21] at CERNandalsothrough“psener”
read/writeaccessAn accountat CERNanddisk quotaon AFSis providedfor each
projectdeveloper Creationof new package®r repositoriesandary othertechnical
issueis undercontrol of the SoftwareManagementoordinatorwho is also
responsibldor the WWW maintenance.



— Tagging andVersioning Category coordinatordave theresponsibilityof managing
the developmentwithin their Categoriesandprovide tagsfor testingandreleases
following well specifiedrules[18]. Coordinatorsareinvited to tagfrequentlytheir
code,announcehetagto the SystemTestingTeam,with a descriptionof changes
included.The STT will thenrun all validationsystemtestsfor all supported
compilers/architectes. The Bonsai[26] tool is usedasdatabaséo automatically
detectary new tagintroducednto CVS.

A globalreferenceagis provided every month,includingall tagswhich passed
systenvalidationtests.Thetagis announcedndmadeavailableto developersand
collaboratinginstitutesfor development.
Major public releasesredistributedtwice ayear Bug-fixes(no new developments)
areperiodicallycollectedandpublicly madeavailablein theform of patchesor
minor releases.
Userdocumentatiofis taggedaccordingto the majorpublic releases.
ProblemResolution:
A customisedrersionof Bugzilla[27] is usedin GEANT4 asa ProblemTrackingSystem
[24] for bug reportsandfeedback.The systemaccessiblérom WWW, is opento users
andis setup to automaticallyassignproblemreportsto responsiblesccordingto the
Category domainaffected.A reportcancontainall necessargndusefulinformationfor a
correctandefficientanalysisandtrackingof the problemposted.
Developersareencouragedo alwaysdocumenthangesommittedin the source
repository eitherwith the CVS commandtself andby properlyrecordingary actiity in
appropriatedHistory” files associatedio eachCateyory. Tagsannouncedo the System
TestingTeammustbe properlydocumentedndregularreleasenotesat every minor/major
releaseor globaldevelopmentagareprovided.
Category Coordinatorsarealsoinvited to distinguishasmuchaspossibletagsincluding
bug-fixesfrom tagsincludingnew developmentbranchtagsin CVS aresometimes
requiredandused.
Quality AssuranceandMeasurement:
Codewalk-throughsareperiodicallyperformedthroughspecializedoolsfor monitoring
againstviolationsof establishedodingrules. The CodeWzardtool [14] hasbeenusedfor
this purposeandanautomatiomechanisnfor submittingcodefiltering for unit Categories
hasbeenputin placeandis availableto GEANT4 developers.
Checkson run-timememorymanagemerareregularly performedoeforeevery major
publicreleasetoolslike Insure++15] andSUN Workshop[16] areusedover selected
test-bedapplications.
Checksfor violationsof the dependengcstructureof Cateyoriesat macrolevel are
performedperiodicallyandcorrespondanceith the mainclassCatagyory Diagramis
monitored.
Performancenonitoringon selectedest-bedapplicationss appliedat unit level for
Categorieswhereperformancas critical. Resultsarecomparedagainstprevious
measurementsasedn stablerelease®f the code.
VerificationandValidation:
At macrolevel, thedependengcstructureof Cateyoriesis verifiedagainsthe mainclass
Category Diagramtaken asreference.
Generafunctionalitiesof the Toolkit areverifiedatevery new revision of the URD [10].
Verificationsof functionalitiesandcoverageat unit level areunderresponsibilityof each
Category Coordinatoraswell asunit testsandvalidationof new developmentsor fixes.
New developments validatedby the STT onceall systemintegrationtestshave been
successfullyperformed providedthat,in collaborationwith Cateyory Coordinators,



systemtestshave beenextendedo cover alsothe new introducedfunctionalities.
Reviews, Audits andJointReviews:

Internalreviews concerningechnicalmattersandproposaldrom usersdevelopersor
collaboratorsareperformedduring meetingsof the GEANT4 TechnicalSteeringBoard
(TSB), whichis organiseds timesperyear Minutesof the meetingsarepublicly
distributed. Jointreviews with usersinvolvedin the GEANT4 joint projectsareorganised
periodically Reviews internalto eachworking groupassociatedo a specificCatejory are
organisedandunderresponsibilityof eachCateyory Coordinator

Globalreviews of the productor the Collaborationn generalareorganisedoy the
CollaborationBoard(CB), which usuallymeetswice ayear Managementf resources
andmonitoringof responsibilitieor analysisof proposaldrom the TSB areall matters
handledby the CB, accordingto the GEANT4 Memorandunof Understanding3].
Everyyear the GEANT4 Collaboratiormeetsfor a workshopof oneweek,whereproject
milestonesarereviewed, problemsand/orhottopicsarediscussedworking sessionsre
organised.

4.3 Organisational life-cycle processes: Management processes

ProjectTasksManagement:

Managementf the projectis undercontrolof the GEANT4 Collaborationasspecifiedand
dictatedin the GEANT4 Memorandunof Understanding3]. Geant4 is organisedn
working groups;eachworking groupis responsibldor onespecificdomainof thetoolkit
wherewell specifiedtasksareassociatedio it. Eachworking groupis representeth the
TSB by its Coordinator(s).

Objectivesaredefinedevery year discussedvithin the TSB meetingandpresentedo the
CB. They arereviewedgenerallyduringthe TSB meetingsjoint reviews or in the
Collaborationworkshoporganisedonceevery year

Risk Management:

Technicalrisksinvolving flexibility andusabilitywhich mayaffect mainly thearchitectural
design,or risksrelatedto performanceenaltiescodeduplication,codequality and
portingwhichin large partappliesto detaileddesign.arecontrolledandmitigatedin
generaby thedevelopmentprocessadopted A well establishedMacro” processan
mitigatethoserisks (especiallythosethatmayaffect the “Micro” processesandassurdghe
succes®f theproject.

Nontechnicalriskslik e thoserelatedto codedelivery, resourcananagemerdandhuman
relationshipsrestrictly relatedto tasksplanning,wherethe establishedchedulesnust
notbeoverly optimistic.

4.4 Organisational life-cycle processes: Organisation processes

ImprovementProcess:
Principlesandgoalsof SPlaredescribedn thisdocumentA plan[4] wasformally
presentedt TSB meetingsandapproed asoneof the milestonedor year2000-2001.
Prioritiesandobjectveswereidentifiedandthe appraved SP1programis currentlybeing
applied;someof the actionssuggestethave alreadybeentaken. As expressedn Section2
of thisdocumentSPlis a processavhich mustbe graduallyapplied;SPImustbe
consideredife-cycle driven, thereforeprogressesf the establisheghrogramwill be
constantlymonitored.
— Procesgstablishment:
Generabrocesstandardsvhereestablishedincethe R&D phasd2] of the project
andgraduallyextendedor complementedT heir applicationmayvary accordingto



the phaseof the projectandits scale,in which casethey arereviewed. Application
of thesestandardsieeddo beregularly assessed.
Reachinghe capabilitylevel of a performedprocessestablishmenfitespicelin the
projectis akey objectve for GEANT4, alsofor whatconcernsan SPIprogram
appliedto it.
HumanResourcéMlanagement:
Teamsarecomposediccordingto thedomaindecompositiordictatedby the design,
forming aworking group. Peoplearemadepartof ateamaccordingto theirinterests,
expertiseandavailability. Theadditionof new membersor creationof new working
groupsmustbe appraed by the TSB andacknavledgedby the CB, aftertheprovision of a
formal proposakindplanof work. The CB is alsoresponsibldor the overall allocationof
resourcesOrganisatiorin termsof internaltrainingfor new membersievelopersandtasks
planningis undercontrolof the coordinatorof the working group.
Infrastructure:
As specifiedn the GEANT4 MoU documen{3], thenecessaryesourcesor travel to
meetingsaswell asfor softwaredevelopmentoolsandinfrastructureareprovided by the
partiesor institutesof the collaboratorsaccordingo thetasksassignedo theworking

group.

5 Actions for Software Process Improvement

In this sectionwe list for eachclassof processeghoseSoftwareProcesses GEANT4 which
we identify suitablefor animprovement;for theseprocesseappropriatedictionsaresuggested.
Amongall theactionslisted below, priority hasbeengivento thosementionedn the executive
summary

Notethatsomeof theactionslistedbelov arealreadyin use.

5.1 Primary life-cycle processes

Requirementglicitationprocess:

— Periodicallyreview andif necessarypdatethegeneralJserRequirements
Document{URD), by analysingt alsoin the context of eachcateyory domain,
possiblystartingfrom thelist of “use-cases”.

— Adoptautomaticversioningfor the generalJRD andcateory domainspecific
documentsby keepingsourcesn a dedicatedepositoryfor documentainderCVS
[20] andstructuringit accordingto domains.

— Catgyory coordinatorshouldperiodicallyreview and,if necessaryupdatedomain
specificURDs,whereapplicable.

SoftwareDesign:

—  Within eachCateyory domain,Cateyory Coordinatorshouldperiodicallyperform
thefollowing actions:

*  Review andidentify thoseareasvherean OOAD softwarecycle needgo be
appliedandimplementit;

*  Review designdocumentgclassdiagramsgclassspecificationgor the
SoftwareReferencéManual,andscenarialiagramgor the mostrelevant
objectinteractionsconcerned)If necessarypdateandintegratethem;

*  Review thecodeto checkits consisteng with the design.

— Improve for mostCateyory domainsthe traceabilitybetweerrequirementsgesign
andtest-casedyy generatingrecisemappingbetween:

x  unittestsandclassesasdefinedin theclassdiagrams;

x  Integrationtestsandcateyoriesasdefinedin thearchitecturatliagrams;



x  system/acceptandestsandrequirements/useases.

e SoftwarelntegrationandUnit Testing:

Establishclearresponsibilitiedor maintenancandintegrationof systemans
acceptanceestsin thenormaldevelopmentprocessin orderto improve
communicatiorandcollaboratiorbetweerthe SystemTestingTeamanddevelopers.
In orderto easilymonitorthe evolution of the systenmtestsandverify thatthe
requiredfunctionalitiesarecorrectlyimplementedandtested:review andproperly
documenturrentsystemtests;checkandpossiblyincreasehe scopeof the system
integrationtestsby verifying correspondanceith URD andusecases.

Improve unit testingcoveragealsothroughadoptionof specializedoolsfor
coverageanalysis.The STT shouldgeneratea mapfor testingcoveragen
collaborationwith Category Coordinatoraindestablisha valid methodfor its
maintenance.

e SystemTesting,AcceptanceindReleasing:

Review currentlydedicatedesourceswvailablefor testing:manageaecruitmentof
new manpaever andpromoteatrainingactvity for “new-comers”.

Improve regressionteststo detectandunderstandbehaioral changeshatmay
happerby theintegrationof new development.

Improve statisticalteststo helpwith verifying the coherencef theresultswith their
logical or physicalmeaning(statisticaldistributions)for eachtest.
Improve/implementutomation:Bonsai[26], LXR [28] andTinderbox[29] WWW
tools. Promotetheir properusageamongCollaborators.

e UserSupportDistribution:

Setupamoderategublic users’Forumbasedon WWW, for discussion®n generic
GEANT4 topics.

5.2 Supporting life-cycle processes

e Documentation:

Collectupdateddesigndiagramsourcesanddefinea clearprocedurdor their
maintenancandupdate.Storedesigndiagramsourceg.mdl Rosefiles) in aCVS
repositorywith restrictedaccesso GEANT4 Cateyory Coordinatorsimplementa
policy to regularly updatethem.

Make availableon webtheupdateddesigndocumentgalsoupdateof Users Guide
for Toolkit Developerslanddefinea clearprocedurdor their maintenanceand
update.

Costantlyreview andimprove codequality of official public examplesjn orderto
facilitatetake up andtraining of usersof GEANT4 by providing themwith a setof
well thoughtout referenceexamples.

e ConfiguratiorandChangevianagement:

Adopt properchang manaementduringbothdevelopmen@andmaintenance
phasesvhendesignfaultsaredetectedr updatesareapplied.

e ProblemResolution:

Improve automatiorof currentProblemTrackingSystemandpromoteits proper
usageamongCategory Coordinators.

e Quality AssuranceandMeasurement:

Createa teamof 2 peopleinvolved for atleast30% of theirtime. Theteamshould
take theresponsibilityof:
x  |ldentifying the properprofessionatoolsto be usedassociatedo topicsof:
dynamicmemoryallocationmonitoring,perfomancemonitoringand



profiling, sourcecodingrulesviolationschecking,codemetricsanalysisand
testcoverageanalysis.Consideravailability of toolsandprojectresources.

x  |dentify thevalid setof project-specificulesto be appliedfor sourcecode
filtering andimplementthe properfilters andscriptsto be adopted.

x  Selectand/ordefinethe “testbed”applicationgo beusedand
maintain/upgradéhemalongthe developmentjn collaboratiorwith the
SystemTestingTeam.

x  Delegateto Category Coordinatorgheresponsibilityto monitor, assignto
developersand/orimplementfixesresultof the QA actuity.

x  Make publicy availableto developerstools,setupsandscripts,to allow “unit”
QA actvity within eachprojectdomain.

x  Automateasmuchaspossible(anddocumentYhe QA activity, possibly
throughthe WWW.

*  Make availableanddistribute the resultsof thefiltering andanalysisdone.

x  Performacompleteanalysigegularly every 1 or 2 months basednthelatest
suggestedReferencdag.

— ldentify possibleresourcegtools/peoplewithin externalgroupswhich arepartof
the GEANT4 Collaboration.
— Improve automationintegratewith toolsusedfor testing.
e VerificationandValidation:
— At macrolevel, periodically(every 6 months)review the currentclassCategory
Diagramandcheck/erify areasvhereviolations/changebave beenintroduced.
— Providetest-coweragefor validationof codeto be submittecto systemtesting.

5.3 Organisational life-cycle processes: Management processes

e ProjectTasksManagement:

— Within eachprojects domain,adopttoolsfor work-flow managementlantraining
for effective usageof thetools.

— Ensurethatthe on-goingdevelopmenin eachCategory is consistentvith thedesign
dictatedby thedesigndocumentdy supervisinghe developmentactiity and,
accordingto availableresourcesprganisingpropertrainingfor the developersin the
team.

5.4 Organisational life-cycle processes: Organisation processes

e ImprovementProcess:

— EnsurethatSPIlis life-cycle driven, by regularly monitoringits progress:
periodicallyiterateprocessassessmentmdcompareaesultswith previous
assessments.

— Extendassessments uncovered(or partially covered)domains:testing,
documentationsoftwaremanagement.

e HumanResourceManagement:

— Within eachprojects domain,adopttoolsfor size/efort estimation.Plantraining

for effective usageof thetools.

6 Summary
Thethreemainareasof applicationof SPlin GEANT4 for year2000-2001lwerechoserto be:

Object-Orienteddnalysis& Design(OOAD) softwarecycle, Quality Assurance& Optimisation
andTesting.For eachof theseareasanevaluationof the currentstatushasbheenmade takinginto

10



accountorrelationon the differentaspects/domainsf the SPIprogram weakpointswere
identifiedandrecommendationfor improvementwereadwanced.For the OOAD softwarecycle
domain,aformal assessmeitasecon ISO/IEC 15504(SPICE)Model [5], [6] hasbeen
performedandresultsfrom theassessmer22] up to capabilitylevel 2 wereusedto address
itemsof improvementin the SPIprogram.

In orderto considerSPlaspartof the softwarelife cycle andto monitorprogressof the SPI
programitself, nev assessmentsill beregularly performedn futureto addresslsoareas
previously notinvestigatedtrying to firstimprove the currentcapabilitylevel andlateron
increaset.

Concerninghe OOAD softwarecycle, aneedto improve in mostCategory domainsthe
traceabilitybetweerrequirementsgesignandtest-casehasbeenexpressediogethemith
adoptingproperchange managyementduring bothdevelopmentandmaintenancghasesvhen
designfaultsaredetectecr updatesareapplied.Internaltrainingin form of books,monitoring
needdo beimproved,in particularconcerninghe designmethodologyandthe development
cycle from UserRequirement$o Implementation A repositoryfor designdocumentss required
andmethoddor providing, publishingandmaintainingdesigndocumentsnustbe definedand
applied.Toolsfor work-flow managemerdandsize/efort estimationshouldbe appliedwithin
eachdomain.

For Quality AssuranceandOptimisation(QA), it hasbeenrequestedo createa specializedeam
of atleasttwo peoplesharing30%of theirtime. Theactuity of this new formedQA teamwill be
focusedon the“global” contet of the project,will have to be possiblyindependentrom the
softwaredevelopmenttself, will needto be performedn coordinationwith the SystemTesting
Team(STT) andReleas&eam,andhasto bebasedn mutualtrust with developersand
Coordinatorslt hasbeenalsoadvicedto continuein the effort of improving automationpy
possiblyintegratingwith systemtestingautomation Resource termsof toolsandman-paever
needto beidentifiednot only within memberof the Collaborationbut alsoexternally
ConcerningSystemTesting,it hasbeenstressedheimportanceof following the formalised
proceduregxpressedn thereleases testingproceduesdocumen{23], accordingto the
establishedesponsibilitiedor the maintenancandintegrationof the systemtestsin thenormal
developmentprocessEmphasisasbeenputto applyareview of the existing systentestsby
checkingtheir correspondanceith UserRequirementandUseCasesandby properly
documenthemalongdevelopment.lt hasbeenadvicedto the STT to generate mapfor testing
coveragein collaborationwith Category Coordinatorsandestablisha valid methodfor its
maintenanceProgressie improvementin thedevelopmentf regressiorandstatisticatestshas
beensuggestedwhereapplicable).ConcerningSystemTestingAutomation,the adoptionof
WWW toolslike Bonsai[26], LXR [28] andTinderbox[29] areencourage@ndexpectedo be
soonintegratedin thenormaltestingactuity.

Committmentsanddeadlinedor theimplementatiorof the proposedSPlactionshave been
established.

APPENDIX A: Processesnd Processcategoriesin ISO/IEC 15504
Primary-life cycle
Engineeringprocessateory:

e ENG.1: Developmentprocess
— ENG.1.1:Systenrequirementsnalysisanddesign
— ENG.1.2:Softwarerequirementgnalysis
— ENG.1.3:Softwaredesign
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— ENG.1.4:Softwareconstruction

— ENG.1.5:Softwareintegration

— ENG.1.6:Softwaretesting

— ENG.1.7:Systemintegrationandtesting
ENG.2: Systemandsoftwaremaintenance

CustomeiSupplierprocessategory:

CUS.1:Acquisitionprocess

— CUS.1.1:Acquisitionpreparation

— CUS.1.2:Supplierselection

— CUS.1.3:Suppliermonitoring

— CUS.1.4:Customeiacceptance
CUS.2:Supplyprocess
CUS.3:Requirementglicitation process
CUS.4:Operationprocess

— CUS.4.1:0Operationalise

— CUS.4.2:Customeisupport

Supporting life-cycle

Supportprocessatagory:

SURL: Documentatiorprocess

SUR2: ConfigurationManagemenprocess
SUR3: Quality Assurancerocess

SURA4: Verificationprocess

SURS: Validationprocess

SURG: JointReview process

SUR7: Audit process

SUR8: ProblemResolutionprocess

Organisationallife-cycle

Managemenprocessateory:

MAN.1: Managemenprocess
MAN.2: ProjectManagemenprocess
MAN.3: Quality Managemenprocess
MAN.4: Risk Managemenprocess

Organisatiorprocessatagory:

ORG.1:OrganisationaAlignmentprocess
ORG.2:Improvementprocess

— ORG.2.1:Proces®stablishment

— ORG.2.2:Processssessment

— ORG.2.3:Processmprovement
ORG.3:HumanResourcéMlanagemenprocess
ORG.4:Infrastructureprocess
ORG.5:Measuremenprocess
ORG.6:Reuseprocess
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