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Abstract

Applying a SoftwareProcessImprovement(SPI)programto GEANT4 [1] representsa
ratherchallengingtask,bothin termsof softwaredevelopmentandorganisationalmatters.
Thecomplexity of thesoftwareinvolved,thewideareasof applicationof thesoftware
product,thehugeamountof codeandCategorycomplexity, andthesizeanddistributed
natureof theCollaborationitself areall ingredientswhich involveandcorrelatetogether
many aspectsof SPI.
In addition,differentlevelsof applicationof anSPIprogrammustbeconsidered,according
to thestatusof eachCategoryDomaincomponent.Althoughin productionandavailableto
thepublic sinceDecember1998,theGEANT4 softwareproductincludessomeCategory
Domainswhicharestill underactivedevelopment.Thereforethey requiredifferent
treatmentin termsof improvementof thedevelopmentcycle,systemtestinganduser
support.
Thisdocumentsummarisesthecurrentstatusof theSPIprogramappliedto GEANT4 and
initiatedlastyear, aspartof theproject’smilestonesfor years2000and2001.
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1 Introduction

TheGEANT4 projectstartedin November1994,whenit wasapprovedby theDRDC(Detector
ResearchandDevelopmentCommittee)asCERNR&D project(RD44)[2]. From1995to its
completionin 1998theprojecthasreportedto theLHC Committee(LHCC/LCB) meetingthe
requiredmilestones.Thefirst prototypewasdeliveredat theendof 1995,thefirst alphaversion
wasreleasedin spring1997andthefirst betaversionwasannouncedat mid-1998.
Thefirst productionversionwasdeliveredat theendof 1998.With this releasetheRD44project
metits goalsandwasthereforecompleted.Since1999theProductionService,UserSupportand
developmentof GEANT4 have beenmanagedby theinternationalGEANT4 Collaboration,which
is basedona Memorandumof Understanding(MoU) [3] amongtheparticipatingLaboratories,
ExperimentsandNationalInstitutes.
TheGEANT4 softwarehasbeendevelopedvia acollaborationworld-wideof about100
scientists,comingfrom over 40 institutesandexperimentsin Europe,Russia,Japan,Canadaand
UnitedStates.At this timeof writing, it is currentlyat its fourthmajorproductionrelease
distributedto public.

2 Software Process Improvement Goals

By SoftwareProcessesit is intendedthesetof processesusedby anorganizationor projectto
plan,manage,execute,monitor, controlandimprove its softwarerelatedactivities. Software
Processesdefinethepracticesthatareusedin theproductionandevolution of thesoftware.
Themaingoalof theSPIprogram[4] in GEANT4 is to understand,determineandpropose
applicableproceduresfor softwaredevelopmentandmaintenancein theProductionphaseof the
softwareproduct.Thelastassessmenton theproject(basedon theSPICE[5] Model)was
performedin October1998,i.e. duringtheR&D projectphase.Weprofitedfrom experienceof
membersin theGEANT4 Collaborationto helpidentifying weaknessesin thoseareaswhereto
applySPI.At thesametime,we stressin consideringSPIasagradualprocessto applyalong
with thesoftwarelife cycleandbeingindeed“life cycledriven”. Weexpectto continuethis
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activity, by performingassessmentsin futureto addressthoseareaspreviously not investigated
andto monitorprogressof theSPIprogramitself.
Threemainareasof applicationof SPIin GEANT4 werechosenin thecurrentphase:
Object-OrientedAnalysis& Design(OOAD) softwarecycle,Quality Assurance& Optimisation
(QA) andSystemTesting.
ConcerningOOAD, thegoalis to guaranteethatthecodequalitywill notdegradewith timeand
assureacoherentdevelopmentwherecouplingwill not increasewith thecomplexity of the
software,by applyingthesuggestedSPIactionsassociatedwith a regularQA activity.
Actionssuggestedfor QA embraceseveralactivities to beregularly applied,bothin aglobal
context andwithin eachcomponentdomainof theproject.Theseactivities aim to improve
overall usabilityandrobustnessof theapplicationsat run-timeandto improve quality,
maintainability, portabilityandreliability of thecodein general.
Actionssuggestedfor testingaim to improve theSystemTestingactivity itself, assureits
continuityandintegrationwith thenormalsoftwaredevelopment.A well organisedandwell
integratedSystemTestingactivity will helpindirectly to improve thequality of theusersupport
by frequentreleasingof well testedcode.
Establishingwell definedmethodsandproceduresis of vital importancefor GEANT4, whose
mandateis to provide asoftwareproductandmaintainit overa reasonablylong life-time with
continuedgoodreliability androbustness.

3 Software Processes

Many softwareprocessesmaybeaddressedby SPIarisingfrom variousprocesscategories:
primarylife-cycle of softwaredevelopment,supportinglife-cycle,managementprocesses,
organisationallife-cycle anduser-supplierprocesses.Processesbelongingto eachcategory may
becorrelated.Thereforethecorrelationsmustbetakeninto considerationfor any assessment.
Amongthesecategorieswecanidentify thefollowing processes(thecompletelist of software
processesin ISO15504[5] canbefoundin appendixA):

� Developmentor Engineeringprocesses:system& softwarerequirementsanalysis,
softwaredesign,softwareconstruction,softwareintegrationandunit testing,software
maintenance

� Documentation
� ConfigurationandChangeManagement
� ProblemResolution
� QualityAssuranceandMeasurement
� SystemTesting,AcceptanceandReleasing
� VerificationandValidation
� Reviews,AuditsandJointReviews
� ProjectTasksManagement
� RiskManagement
� ImprovementProcess
� ProcessEstablishment
� HumanResourceManagement
� Infrastructure
� UserSupport,Distribution

A particularprocesscanbedeployedatdifferentlevelsof generality. Tailoringof processesis
requiredsometimesfor differentdomainsbecauseof quality, of stability requirements,or dueto
theevolution phaseof aspecificdomain,or in orderto adaptaprocessto thepeople.SPIis a
processwhichmustbeappliedwith thefull supportof all partiesconcerned,graduallyandafter
identifying theright prioritiesandobjectives[8].
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4 Current Status in Geant4

Mostof theproceduresandmethodsof applicationof softwareprocessesmentionedin this
sectionderive from theRD44project[2] specifications.They wereappliedduringthe
developmentphaseof theproject,but arestill valid especiallyfor thosedomainsof theproject
wheredevelopmentis in progress.

4.1 Primary life-cycle processes

Thelife-cycle modeladoptedfor mostdomainsin GEANT4 is bothiterative andincremental
(alsocalledspiral approach)[9]. ThestepsamongAnalysisof Requirements,Design,
ImplementationandTestingarerepeated.Refinementsandextensionsto detaileddesignand
sometimesalsoto thearchitecturehave beenappliedaccordingto new requirementsor design
issues.In thecurrentProductionandMaintenancephase,thelife-cycle modelis iterative for most
domains;it allows theapplicationof successive refinementsto theexistingarchitecture,by
applyingexperiencedsolutionsto analysisanddesigniterations.

� Requirementselicitationprocess:
Problemdomainanduse-caseanalysisled to elicitationof theUserRequirements[10]
duringtheinitial phaseof theproject.UserRequirementshave beensystematically
reviewedandupdatedfollowing theESAPSS-05softwareengineeringstandard[11]. The
UserRequirementsDocument(URD) is now maintainedin asourcerepositoryproviding
alsoautomaticversioning;it will besubjectto revisionduringyear2001.Sourcesof the
URD for specificprojectdomainswill bealsokeptandmaintainedin therepositoryand
availableto membersof theCollaboration.

� SoftwareDesign:
TheBooch(Unified) [9] methodologyis employedfor Object-OrientedAnalysisand
Designof thesoftware.TheBooch/UMLnotationhasbeenchosenasthecommon
language for documentationof designsandinternaldesignreviews. Old documentsin
Boochnotationexist andarebeingprogressively updatedandconvertedto UML.
TheRationalRoseCASEtool [12] hasbeenextensively usedfor theinitial generationof
thedesigndocumentsand,whererequired,for reverseengineering.Standarddocuments
providedfor architecturalanddetaileddesignare:

– TheclassCategory Diagram: showing theoverall pictureof theproblemdomain
analysisin theproject,theuserelationsbetweenthedifferentclassCategoriesand
thedependency flow. A correctdomaindecompositionandawell consideredsetof
dependencies(avoiding circularuserelationships),allows workinggroups
associatedto eachCategory domainto work largely in parallel,establishingalsoa
hierarchyfor delivery.

– ClassDiagrams: relationshipsamongclassesandtheirmainattributesandmethods
definingtheinterfacesareshown in thesediagrams.Classesaregroupedaccording
to Categoriesor sub-CategoriesandClassDiagramsrepresentthestructureof the
specificsub-system.

– ScenarioDiagrams(ObjectDiagramsor InteractionDiagrams): show how existing
objectsrelateeachotherin thelogicaldesignof thesystem.They canbeusedto
illustrateapreciseeventandshow how objectsinteractthroughtheir interfacesin a
temporalsequence.

– ClassSpecificationsor MissionStatements: describemissionandmain(public)
functionalitiesof agenericclass.A SoftwareReferencemanualis alsoprovided.

� SoftwareConstruction:
Programmingandcodingguidelines[13] wereadoptedfrom thebeginning. It wasfelt
importantnot to imposetoofixedrulesor style-conventionsfor aworld-widecollaboration
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like GEANT4, but just flexible andadequateguidelinesbasicallydealingwith adhesionto
theobjectorientedparadigm(data-hiding,encapsulation,etc.),performance,and
portability of thesoftware.
Packagingof thesoftwarehasstrictly followedthedomaindecompositioninto Categories
andsub-Categoriesthatresultedfrom thedesignprocess.Wherever applicable,classes
defininginterfacesarepackagedin sub-Categoriesseparatelyfrom theconcreteclasses
implementingsuchinterfaces.In suchaway, classesbelogingto aCategory collaborateto
provide asetof servicesin a re-usableway.
Toolsfor Quality Assuranceareused,mainly in theareasconcerningsourcecodefiltering
for codingrulesviolationsandrun-timememorymanagement.Codefiltering is
periodicallyperformed(twiceayear)in a “global” context, andrecentlyanautomatic
mechanismfor submittingcodefiltering throughWWW usingtheCodeWizardtool [14],
hasbeenintroduced.Thisallows to any developerin GEANT4 to submitunit-package
sourcecodefiltering andreceive theresultsautomaticallyby e-mail.

� SoftwareIntegrationandUnit Testing:
Systemaggregatesthatcanbetestedtogetherareidentifiedaccordingto thedependency
structureof Categories.Relatedtestsareregularly monitoredaspartof theroutinetesting
procedures[17].
Unit testingis performedindipendentlywithin eachCategoryor sub-Category andtestsare
implementedtrying to maximizecoverageasmuchaspossible.

� SystemTesting,AcceptanceandReleasing:
SystemTestingactivity is deployedby aspecialisedteam,theSystemTestingTeam(STT).
Proceduresfor testing[17] andreleasing[18] aredefinedandstrictly appliedin orderto
guaranteeregularandefficientdelivery of well testedsetsof tagsincludingbug-fixes
and/ornew development.Thereleaseprocedureforeseesthattagsfor thevarious
Categoriesaresubmittedin groupswheretheorderstrictly follows thedependency
structuredefinedby theclassCategory Diagram.Acceptancetestswhicharealsoincluded
in routinesystemtestsarebuilt andrunseparatelyby theReleaseManagerduringthe
releasephase.Major public releasesaredistributedtwice ayear. Bug-fixesarecollected
andperiodicallymadeavailableaspublicpatchesor minor releases.

� SoftwareMaintenance:
In orderto achieve maintainablesoftwareandensureits quality, theadoptionof standards,
wherever possible,is promoted.Encapsulationof componentsis maximised,
inter-dependency andunit complexity is minimised.We try to assureportability of the
softwareby constantlymonitoringtheevolution of compilerson differentsystem
architectures,andby avoiding adoptionof system-dependentsolutionsor naive language
featureswherever it is thecase.
Traceabilityof updates,extensionsandbug-fixesto thecodeis assuredby meansof
maintainingad-hochistoryfiles, regularly taggingthecodeandby trying to disentangle
routinedevelopmentfrom bug-fix updates[18].

� UserSupport,Distribution:
Thetermsof theUserSupportin GEANT4 aredefinedin thearticle2 of theMemorandum
of Understanding(MoU) [3] document.Contactpersonsfor eachworkinggroupare
nominatedandareresponsiblefor managingandresolvingproblemreportssubmittedby
usersthroughtheWWW by meansof theGEANT4 ProblemTrackingSystem[24], which
automaticallyassignsaproblemreportaccordingto thespecifiedCategory domain
affected.
TheGEANT4 WWW site[1] alsoprovideson-linedocumentation,a FAQ pageandthelist
of contactpersonsfor eachWorkingGroupdomain.A publicUserForumbasedon
Hypernews [25] will alsobesetupsoon.
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4.2 Supporting life-cycle processes
� Documentation:

As userdocumentation[19], GEANT4 providessix documents(availableon-linefrom
WWW) addressinginherentlydifferenttopicsandlevelsof expertise:

– Introductionto GEANT4: ageneralintroductionto theGEANT4 toolkit, mandate,
requiredcomputingenvironment,usersupportpolicy.

– InstallationGuide: guideto astep-by-stepinstallationof thetoolkit and
specificationof requiredresourcesandthird partysoftwareandtools.

– User’s Guidefor ApplicationDevelopers: providesastep-by-steptutorial in theuse
of GEANT4 for agenericuser;it describestheusageof thetoolkit for practical
applicationsandalsofor moreadvanceduses,providing examplecodes.

– User’s Guidefor Toolkit Developers: guideorientedto developerswho wantto
contributeto extendfunctionalitiesin theGEANT4 toolkit - like,addingnew physics
processes,new particletypes,etc. It includesa largepartof thedesigndocuments
(mainly classdiagrams)relatedto theimplementationof thesystemkernel.It also
includesaguidanceon how to extendthefunctionalityof eachclasscategory.

– PhysicsReferenceManual: containsa detaileddescriptionof thephysicsmodels
employedin simulatingvariouskindsof physicsprocessesimplementedin the
toolkit.

– Software ReferenceManual: includesthedescriptionof thedefinitionsof most
relevantclassesandtheir public interfacemethods.It’sautomaticallygenerated
from thesourcecode.

Documentationin theform of commentsin thesourcecodeis alsoprovided,basicallyfor
useof toolkit developers.
Userexamplesdistributedwith thetoolkit arereferencedin thedocumentationin form of a
self-tutorial,startingfrom “novice” examplesshowing simpleapplicationsof theGEANT4
toolkit, to “extended”examplesfor specificapplications,to “advanced”examplesshowing
realandcompleteapplicationsandusingexternalextensionsfor advancedgraphicsor
analysismodules.
Designdocumentsaremaintainedin aseparatesourcerepositoryavailableto developersin
theCollaboration,togetherwith theUserRequirementsdocumentsandtheTrainingKit
Tutorial.
TheTrainingKit Tutorialhasbeendevelopedto addressthreedifferentkind of courses:

– Short1-dayLecture - shortgeneralcourseof 1 day;
– School-typeCourse- coursesuitablefor a school,about5 hourslecturesplus

hand-onsessionswith exercises;
– Academic-styleLectures- seriesof lecturesfocusedonspecifictopicsfor

approximatively 3-5hours.
Documents,papers,publicationsandmuchmoreis alsoavailablefrom theGEANT4
WWW site[1].

� ConfigurationandChangeManagement:
– Software Configuration Management: A server for softwareanddocumentation

repositoriesis in place;it is basedon CVS[20] asbasictool for concurrentversion
management.Thecodeanddocumentsin therepositoriesareaccessibleto members
of theCollaborationthroughAFS[21] at CERNandalsothrough“pserver”
read/writeaccess.An accountatCERNanddisk quotaon AFS is providedfor each
projectdeveloper. Creationof new packagesor repositoriesandany othertechnical
issueis undercontrolof theSoftwareManagementcoordinator, who is also
responsiblefor theWWW maintenance.
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– Tagging andVersioning: Category coordinatorshave theresponsibilityof managing
thedevelopmentwithin theirCategoriesandprovide tagsfor testingandreleases
following well specifiedrules[18]. Coordinatorsareinvited to tagfrequentlytheir
code,announcethetagto theSystemTestingTeam,with adescriptionof changes
included.TheSTT will thenrunall validationsystemtestsfor all supported
compilers/architectures.TheBonsai[26] tool is usedasdatabaseto automatically
detectany new tagintroducedinto CVS.
A globalreferencetagis providedevery month,includingall tagswhichpassed
systemvalidationtests.Thetagis announcedandmadeavailableto developersand
collaboratingInstitutesfor development.
Major public releasesaredistributedtwice ayear. Bug-fixes(nonew developments)
areperiodicallycollectedandpublicly madeavailablein theform of patchesor
minor releases.
Userdocumentationis taggedaccordingto themajorpublic releases.

� ProblemResolution:
A customisedversionof Bugzilla [27] is usedin GEANT4 asaProblemTrackingSystem
[24] for bug reportsandfeedback.Thesystem,accessiblefrom WWW, is opento users
andis setup to automaticallyassignproblemreportsto responsiblesaccordingto the
Category domainaffected.A reportcancontainall necessaryandusefulinformationfor a
correctandefficientanalysisandtrackingof theproblemposted.
Developersareencouragedto alwaysdocumentchangescommittedin thesource
repository, eitherwith theCVS commanditself andby properlyrecordingany activity in
appropriated“History” files associatedto eachCategory. Tagsannouncedto theSystem
TestingTeammustbeproperlydocumentedandregularreleasenotesatevery minor/major
releaseor globaldevelopmenttagareprovided.
Category Coordinatorsarealsoinvited to distinguishasmuchaspossibletagsincluding
bug-fixesfrom tagsincludingnew development;branchtagsin CVS aresometimes
requiredandused.

� QualityAssuranceandMeasurement:
Codewalk-throughsareperiodicallyperformedthroughspecializedtoolsfor monitoring
againstviolationsof establishedcodingrules.TheCodeWizardtool [14] hasbeenusedfor
thispurposeandanautomaticmechanismfor submittingcodefiltering for unit Categories
hasbeenput in placeandis availableto GEANT4 developers.
Checkson run-timememorymanagementareregularlyperformedbeforeevery major
public release;toolslike Insure++[15] andSUNWorkshop[16] areusedoverselected
test-bedapplications.
Checksfor violationsof thedependency structureof Categoriesatmacrolevel are
performedperiodicallyandcorrespondancewith themainclassCategoryDiagramis
monitored.
Performancemonitoringon selectedtest-bedapplicationsis appliedatunit level for
Categorieswhereperformanceis critical. Resultsarecomparedagainstprevious
measurementsbasedonstablereleasesof thecode.

� VerificationandValidation:
At macrolevel, thedependency structureof Categoriesis verifiedagainstthemainclass
Category Diagramtakenasreference.
Generalfunctionalitiesof theToolkit areverifiedatevery new revisionof theURD [10].
Verificationsof functionalitiesandcoverageatunit level areunderresponsibilityof each
Category Coordinator, aswell asunit testsandvalidationof new developmentsor fixes.
New developmentis validatedby theSTT onceall systemintegrationtestshave been
successfullyperformed,providedthat,in collaborationwith CategoryCoordinators,
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systemtestshave beenextendedto cover alsothenew introducedfunctionalities.
� Reviews,AuditsandJointReviews:

Internalreviews concerningtechnicalmattersandproposalsfrom users,developersor
collaboratorsareperformedduringmeetingsof theGEANT4 TechnicalSteeringBoard
(TSB),which is organised6 timesperyear. Minutesof themeetingsarepublicly
distributed.Jointreviews with usersinvolvedin theGEANT4 joint projectsareorganised
periodically. Reviews internalto eachworkinggroupassociatedto aspecificCategoryare
organisedandunderresponsibilityof eachCategory Coordinator.
Globalreviews of theproductor theCollaborationin generalareorganisedby the
CollaborationBoard(CB), whichusuallymeetstwice ayear. Managementof resources
andmonitoringof responsibilitiesor analysisof proposalsfrom theTSBareall matters
handledby theCB, accordingto theGEANT4 Memorandumof Understanding[3].
Everyyear, theGEANT4 Collaborationmeetsfor aworkshopof oneweek,whereproject
milestonesarereviewed,problemsand/orhot topicsarediscussed,workingsessionsare
organised.

4.3 Organisational life-cycle processes: Management processes
� ProjectTasksManagement:

Managementof theprojectis undercontrolof theGEANT4 Collaborationasspecifiedand
dictatedin theGEANT4 Memorandumof Understanding[3]. Geant4 is organisedin
workinggroups;eachworkinggroupis responsiblefor onespecificdomainof thetoolkit
wherewell specifiedtasksareassociatedto it. Eachworkinggroupis representedin the
TSBby its Coordinator(s).
Objectivesaredefinedevery year, discussedwithin theTSB meetingandpresentedto the
CB. They arereviewedgenerallyduringtheTSBmeetings,joint reviews or in the
CollaborationWorkshoporganisedonceevery year.

� RiskManagement:
Technicalrisksinvolving flexibility andusabilitywhichmayaffectmainly thearchitectural
design,or risksrelatedto performancepenalties,codeduplication,codequality and
portingwhich in largepartappliesto detaileddesign,arecontrolledandmitigatedin
generalby thedevelopmentprocessadopted.A well established“Macro” processcan
mitigatethoserisks(especiallythosethatmayaffect the“Micro” processes)andassurethe
successof theproject.
Non technicalriskslike thoserelatedto codedelivery, resourcemanagementandhuman
relationshipsarestrictly relatedto tasksplanning,wheretheestablishedschedulesmust
notbeoverly optimistic.

4.4 Organisational life-cycle processes: Organisation processes
� ImprovementProcess:

Principlesandgoalsof SPIaredescribedin thisdocument.A plan[4] wasformally
presentedatTSB meetingsandapprovedasoneof themilestonesfor year2000-2001.
PrioritiesandobjectiveswereidentifiedandtheapprovedSPIprogramis currentlybeing
applied;someof theactionssuggestedhave alreadybeentaken.As expressedin Section2
of this document,SPIis aprocesswhichmustbegraduallyapplied;SPImustbe
consideredlife-cycle driven,thereforeprogressesof theestablishedprogramwill be
constantlymonitored.

– ProcessEstablishment:
GeneralprocessstandardswhereestablishedsincetheR&D phase[2] of theproject
andgraduallyextendedor complemented.Their applicationmayvary accordingto
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thephaseof theprojectandits scale,in whichcasethey arereviewed.Application
of thesestandardsneedsto beregularly assessed.
Reachingthecapabilitylevel of aperformedprocessestablishment/citespice1in the
projectis akey objective for GEANT4, alsofor whatconcernsanSPIprogram
appliedto it.

� HumanResourceManagement:
Teamsarecomposedaccordingto thedomaindecompositiondictatedby thedesign,
forming aworkinggroup.Peoplearemadepartof a teamaccordingto their interests,
expertiseandavailability. Theadditionof new membersor creationof new working
groupsmustbeapprovedby theTSBandacknowledgedby theCB, aftertheprovision of a
formalproposalandplanof work. TheCB is alsoresponsiblefor theoverall allocationof
resources.Organisationin termsof internaltrainingfor new membersdevelopersandtasks
planningis undercontrolof thecoordinatorof theworkinggroup.

� Infrastructure:
As specifiedin theGEANT4 MoU document[3], thenecessaryresourcesfor travel to
meetingsaswell asfor softwaredevelopmenttoolsandinfrastructureareprovidedby the
partiesor institutesof thecollaborators,accordingto thetasksassignedto theworking
group.

5 Actions for Software Process Improvement

In this section,we list for eachclassof processes,thoseSoftwareProcessesin GEANT4 which
we identify suitablefor animprovement;for theseprocessesappropriatedactionsaresuggested.
Amongall theactionslistedbelow, priority hasbeengivento thosementionedin theexecutive
summary.
Notethatsomeof theactionslistedbelow arealreadyin use.

5.1 Primary life-cycle processes
� Requirementselicitationprocess:

– Periodicallyreview andif necessaryupdatethegeneralUserRequirements
Document(URD), by analysingit alsoin thecontext of eachcategory domain,
possiblystartingfrom thelist of “use-cases”.

– Adoptautomaticversioningfor thegeneralURD andcategory domainspecific
documents,by keepingsourcesin adedicatedrepositoryfor documentsunderCVS
[20] andstructuringit accordingto domains.

– Category coordinatorsshouldperiodicallyreview and,if necessary, updatedomain
specificURDs,whereapplicable.

� SoftwareDesign:
– Within eachCategory domain,Category Coordinatorsshouldperiodicallyperform

thefollowing actions:
� Review andidentify thoseareaswhereanOOAD softwarecycleneedsto be

appliedandimplementit;
� Review designdocuments(classdiagrams,classspecificationsfor the

SoftwareReferenceManual,andscenariodiagramsfor themostrelevant
objectinteractionsconcerned).If necessaryupdateandintegratethem;

� Review thecodeto checkits consistency with thedesign.
– Improve for mostCategory domainsthetraceabilitybetweenrequirements,design

andtest-cases,by generatingprecisemappingbetween:
� unit testsandclassesasdefinedin theclassdiagrams;
� integrationtestsandcategoriesasdefinedin thearchitecturaldiagrams;
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� system/acceptancetestsandrequirements/usecases.
� SoftwareIntegrationandUnit Testing:

– Establishclearresponsibilitiesfor maintenanceandintegrationof systemans
acceptancetestsin thenormaldevelopmentprocess,in orderto improve
communicationandcollaborationbetweentheSystemTestingTeamanddevelopers.

– In orderto easilymonitortheevolution of thesystemtestsandverify thatthe
requiredfunctionalitiesarecorrectlyimplementedandtested:review andproperly
documentcurrentsystemtests;checkandpossiblyincreasethescopeof thesystem
integrationtestsby verifying correspondancewith URD andusecases.

– Improve unit testingcoveragealsothroughadoptionof specializedtoolsfor
coverageanalysis.TheSTT shouldgenerateamapfor testingcoveragein
collaborationwith Category Coordinatorsandestablishavalid methodfor its
maintenance.

� SystemTesting,AcceptanceandReleasing:
– Review currentlydedicatedresourcesavailablefor testing:managerecruitmentof

new manpower andpromotea trainingactivity for “new-comers”.
– Improve regressionteststo detectandunderstandbehavioral changesthatmay

happenby theintegrationof new development.
– Improve statisticalteststo helpwith verifying thecoherenceof theresultswith their

logicalor physicalmeaning(statisticaldistributions)for eachtest.
– Improve/implementautomation:Bonsai[26], LXR [28] andTinderbox[29] WWW

tools.PromotetheirproperusageamongCollaborators.
� UserSupport,Distribution:

– Setupamoderatedpublicusers’Forumbasedon WWW, for discussionsongeneric
GEANT4 topics.

5.2 Supporting life-cycle processes
� Documentation:

– Collectupdateddesigndiagramsources,anddefineaclearprocedurefor their
maintenanceandupdate.Storedesigndiagramsources(.mdl Rosefiles) in aCVS
repositorywith restrictedaccessto GEANT4 Category Coordinators.Implementa
policy to regularly updatethem.

– Make availableonwebtheupdateddesigndocuments(alsoupdateof User’s Guide
for Toolkit Developers)anddefineaclearprocedurefor theirmaintenanceand
update.

– Costantlyreview andimprove codequality of official publicexamples,in orderto
facilitatetake up andtrainingof usersof GEANT4 by providing themwith asetof
well thoughtout referenceexamples.

� ConfigurationandChangeManagement:
– Adoptproperchange managementduringbothdevelopmentandmaintenance

phaseswhendesignfaultsaredetectedor updatesareapplied.
� ProblemResolution:

– Improve automationof currentProblemTrackingSystemandpromoteits proper
usageamongCategory Coordinators.

� QualityAssuranceandMeasurement:
– Createa teamof 2 peopleinvolvedfor at least30%of their time. Theteamshould

take theresponsibilityof:
� Identifying theproperprofessionaltoolsto beusedassociatedto topicsof:

dynamicmemoryallocationmonitoring,perfomancemonitoringand
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profiling, sourcecodingrulesviolationschecking,codemetricsanalysisand
testcoverageanalysis.Consideravailability of toolsandprojectresources.

� Identify thevalid setof project-specificrulesto beappliedfor sourcecode
filtering andimplementtheproperfiltersandscriptsto beadopted.

� Selectand/ordefinethe“testbed”applicationsto beusedand
maintain/upgradethemalongthedevelopment,in collaborationwith the
SystemTestingTeam.

� Delegateto Category Coordinatorstheresponsibilityto monitor, assignto
developersand/orimplementfixesresultof theQA activity.

� Make publicy availableto developerstools,setupsandscripts,to allow “unit”
QA activity within eachprojectdomain.

� Automateasmuchaspossible(anddocument)theQA activity, possibly
throughtheWWW.

� Make availableanddistributetheresultsof thefiltering andanalysisdone.
� Performacompleteanalysisregularlyevery1 or 2 months,basedon thelatest

suggestedReferenceTag.
– Identify possibleresources(tools/people)within externalgroupswhicharepartof

theGEANT4 Collaboration.
– Improve automation:integratewith toolsusedfor testing.

� VerificationandValidation:
– At macrolevel, periodically(every 6 months)review thecurrentclassCategory

Diagramandcheck/verify areaswhereviolations/changeshave beenintroduced.
– Provide test-coveragefor validationof codeto besubmittedto systemtesting.

5.3 Organisational life-cycle processes: Management processes
� ProjectTasksManagement:

– Within eachproject’s domain,adopttoolsfor work-flow management.Plantraining
for effective usageof thetools.

– Ensurethattheon-goingdevelopmentin eachCategory is consistentwith thedesign
dictatedby thedesigndocumentsby supervisingthedevelopmentactivity and,
accordingto availableresources,organisingpropertrainingfor thedevelopersin the
team.

5.4 Organisational life-cycle processes: Organisation processes
� ImprovementProcess:

– EnsurethatSPIis life-cycle driven,by regularly monitoringits progress:
periodicallyiterateprocessassessmentsandcompareresultswith previous
assessments.

– Extendassessmentsto uncovered(or partially covered)domains:testing,
documentation,softwaremanagement.

� HumanResourceManagement:
– Within eachproject’s domain,adopttoolsfor size/effort estimation.Plantraining

for effective usageof thetools.

6 Summary

Thethreemainareasof applicationof SPIin GEANT4 for year2000-2001werechosento be:
Object-OrientedAnalysis& Design(OOAD) softwarecycle,Quality Assurance& Optimisation
andTesting.For eachof theseareasanevaluationof thecurrentstatushasbeenmade,takinginto
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accountcorrelationson thedifferentaspects/domainsof theSPIprogram,weakpointswere
identifiedandrecommendationsfor improvementwereadvanced.For theOOAD softwarecycle
domain,a formalassessmentbasedon ISO/IEC15504(SPICE)Model [5], [6] hasbeen
performedandresultsfrom theassessment[22] up to capabilitylevel 2 wereusedto address
itemsof improvementin theSPIprogram.
In orderto considerSPIaspartof thesoftwarelife cycleandto monitorprogressof theSPI
programitself, new assessmentswill beregularly performedin futureto addressalsoareas
previously not investigated,trying to first improve thecurrentcapabilitylevel andlater-on
increaseit.
ConcerningtheOOAD softwarecycle,aneedto improve in mostCategory domainsthe
traceabilitybetweenrequirements,designandtest-caseshasbeenexpressed,togetherwith
adoptingproperchange managementduringbothdevelopmentandmaintenancephaseswhen
designfaultsaredetectedor updatesareapplied.Internaltrainingin form of books,monitoring
needsto beimproved,in particularconcerningthedesignmethodologyandthedevelopment
cycle from UserRequirementsto Implementation.A repositoryfor designdocumentsis required
andmethodsfor providing, publishingandmaintainingdesigndocumentsmustbedefinedand
applied.Toolsfor work-flow managementandsize/effort estimationshouldbeappliedwithin
eachdomain.
For Quality AssuranceandOptimisation(QA), it hasbeenrequestedto createaspecializedteam
of at leasttwo peoplesharing30%of their time. Theactivity of thisnew formedQA teamwill be
focusedon the“global” context of theproject,will have to bepossiblyindependentfrom the
softwaredevelopmentitself, will needto beperformedin coordinationwith theSystemTesting
Team(STT) andReleaseTeam,andhasto bebasedon mutualtrust with developersand
Coordinators.It hasbeenalsoadvicedto continuein theeffort of improving automation,by
possiblyintegratingwith systemtestingautomation.Resourcesin termsof toolsandman-power
needto beidentifiednotonly within membersof theCollaborationbut alsoexternally.
ConcerningSystemTesting,it hasbeenstressedtheimportanceof following theformalised
proceduresexpressedin therelease& testingproceduresdocument[23], accordingto the
establishedresponsibilitiesfor themaintenanceandintegrationof thesystemtestsin thenormal
developmentprocess.Emphasishasbeenput to applya review of theexistingsystemtestsby
checkingtheir correspondancewith UserRequirementsandUseCases,andby properly
documentthemalongdevelopment.It hasbeenadvicedto theSTT to generateamapfor testing
coveragein collaborationwith Category Coordinatorsandestablishavalid methodfor its
maintenance.Progressive improvementin thedevelopmentof regressionandstatisticaltestshas
beensuggested(whereapplicable).ConcerningSystemTestingAutomation,theadoptionof
WWW toolslike Bonsai[26], LXR [28] andTinderbox[29] areencouragedandexpectedto be
soonintegratedin thenormaltestingactivity.
Committmentsanddeadlinesfor theimplementationof theproposedSPIactionshave been
established.

APPENDIX A: Processesand Processcategoriesin ISO/IEC 15504

Primary-life cycle

Engineeringprocesscategory:

� ENG.1:Developmentprocess
– ENG.1.1:Systemrequirementsanalysisanddesign
– ENG.1.2:Softwarerequirementsanalysis
– 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

CustomerSupplierprocesscategory:

� CUS.1:Acquisitionprocess
– CUS.1.1:Acquisitionpreparation
– CUS.1.2:Supplierselection
– CUS.1.3:Suppliermonitoring
– CUS.1.4:Customeracceptance

� CUS.2:Supplyprocess
� CUS.3:RequirementsElicitation process
� CUS.4:Operationprocess

– CUS.4.1:Operationaluse
– CUS.4.2:Customersupport

Supporting life-cycle

Supportprocesscategory:

� SUP.1: Documentationprocess
� SUP.2: ConfigurationManagementprocess
� SUP.3: Quality Assuranceprocess
� SUP.4: Verificationprocess
� SUP.5: Validationprocess
� SUP.6: JointReview process
� SUP.7: Audit process
� SUP.8: ProblemResolutionprocess

Organisationallife-cycle

Managementprocesscategory:

� MAN.1: Managementprocess
� MAN.2: ProjectManagementprocess
� MAN.3: QualityManagementprocess
� MAN.4: RiskManagementprocess

Organisationprocesscategory:

� ORG.1:OrganisationalAlignmentprocess
� ORG.2:Improvementprocess

– ORG.2.1:Processestablishment
– ORG.2.2:Processassessment
– ORG.2.3:Processimprovement

� ORG.3:HumanResourceManagementprocess
� ORG.4:Infrastructureprocess
� ORG.5:Measurementprocess
� ORG.6:Reuseprocess
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