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1 Intr oduction

Separatiorof concernss oneof thefoundationafrulesof softwareengineeringSeparatinghe aspect®f systemghat
performdifferentrolessimplifiesthe codeof software systemsmakingthosesystemseasierto implement,easierto
understandandlessproneto bugs.

Similarly, softwareconfigurationrmanagemenSCM) systemsareoneof the foundationaltools of softwareengi-
neering.SCM tools have provedto be sovaluableto softwareengineeringhatno significantsystemis implemented
without the useof SCM tools. However, in the SCM systemghemseles, mary importantconcerngemainunsepa-
rated,particularlythe key concernsof programstorageand programorganization.This lack of separatiodimits the
functionalitythatcanbe providedby the SCM system.

| have beenbuilding an SCM calledCoven systembasedn separatinghe concernf programstorage program
organizationandinter-programmeicoordination.| believe thatby separatingheseaspectof the SCM system that
theresultingsystembecomesnorepowerful, andenhancesoththe basicfunctionality of the systemjn particularits
ability to be usedto handleseparatiorof the overlappingconcernghatmake up thereal systemslevelopedusingthe
SCMsystem. A moredetaileddescriptionof the CovenSCM systemcanbefoundin [3].

2 Multidimensional Software Configuration Management

A key to our approachs observingthatin a conventionalSCM system sourcefiles areusedasa basisfor addressing
two distinct concerns:storage andorganization.The storageconcernis an obvious notion: codemustbe placedin
a sourcefile to be storedby a file-basedsystem. But the placemenbf codeinto a particular sourcefile, andinto a
particularlocationin a particularsourcefile is not just for the purposeof storage:it cancommunicaténformation
aboutthe systemto otherprogrammersThe layoutof codeinto sourcefiles createsan organizationatlecomposition
of the systeminto discreteunits which demonstratea viewpoint on the structureor meaningof the system.This is
whatwe call the organizationalconcernof softwaredevelopment.

The storageconcernis actuallya key basisfor much of the functionality of the SCM system. The atomic units
in the storageconcernarealsothe basicunits usedby the systemfor providing versioning coordination,consisteny,
andcommunication.

Thefundamentaproblemwith the currentsituationis thatby thelack of separatioetweerstorageandorganiza-
tion, SCM systemdreatsourcefiles asatomicunits (becausehey areatomicfor storagegpurposes)whenin factthey
are semanticallycompositesnadeup of collectionsof smallerindependentodefragments,andotherconcernscan
only beaddressegroperlyby treatingsourcefiles asnon-atomic andallowing featurego beprovidedin termsof the
smallerentitiesthatmake up asourcefile.

By providing the key functionalitiesof versioningand coordinationin termsof large, complex compoundsthe
SCM systemis thus crippled, and cannotprovide a variety of facilities which are potentially extremely useful. In
particular it limits theabilitiesof the SCM systento addressssuesf communicatiorandcoordinatioramongateams
of programmergollaboratvely developinglarge systems- which is exactly the domainfor which SCM functionality
is mostcriticial.

The solutionthat| proposeto this is multidimensionakoftwae configuation management which separateshe
key concernsof programstorage programorganizationandinter-programmeicoordination.To achiese the goalsof
multidimensionalSCM, an SCM systemmustprovide the following facilities.



1. Programgqandrelatedinformation) are storedasfine-grainedartifacts,wherea storedartifactis the smallest
independensemantianit of thelanguageausedto write the artifact.

2. Organizationaliews are providedthroughdynamicallygenerateaompositeobjectscalledvirtual sourcefiles
(VSFs) A VSFlookslike anormalsourcefile, exceptthatits elementsareactuallyindependenéntities.

3. Coordinationfacilitiesareprovidedin termsof collectionsof storedartifacts.In alocking SCM systemJocks
would apply not to individual programartifacts, but to dynamicallyspecifiedcollectionsof artifactsthat are
relatedto a particularchange.

4. Versioningis providedin termsof consistenviews of a system.Thatis, whena changes performedit is not
recordedasa seriesof updatedo individual artifacts: it is recordedasan atomicchangeto the system.Thus,
the systemrecordsa history of reproducableconsistentproject versions where a consistentproject version
representshe precisestateof a projectat somepointin time.

In therestof this paper| will describeCoven,the multidimensionakoftware configurationmanagemengystem
beingdevelopedby my groupatIBM Researchandhow it meetsheserequirements.

2.1 Program Organizationand Virtual SourceFiles

In Coven, we performstorageandversioningof codein small, fine-grainedartifacts. Theseartifactscorrespondo
the independensemanticunits within a sourcefile in a corventional SCM system. (For example,for storing Java
programsanartifactis afield or methoddeclarationfor Z, it is aschemaa definition,or ablock of descriptve text.)

Programorganizationin Covenis providedthrougha dynamicfacility to assembl¢hesefine grainedartifactsinto
compoundunits called virtual source files (VSFs) VSFsplay no role in programstorage but exist solely for the
purposeof communicatingorganizationaimeaning. VSFsthemselescanbe namedand storedby the system,and
canin turnbememberof higherorderVSFswhich correspondo virtual sourcedirectories subprojectsetc. A given
artifactis not restrictedto beinga memberof oneVSF, anda given VSF is not restrictedto beinga memberof one
virtual directory.

Thisseparatiorf storagerom organizatiorallows programmerso createmultiple, orthogonakodeorganizations
in termsof VSFs,eachof whichdescribea distinctviewpointof thestructureof the system.Throughthis mechanism,
programmer$amiliar with particularpartsof the systemcanstoreviews thatsene asanillustration or explanationof
thatpartof thesystem.

In additionto this servicefor codeunderstandinghe VSF systemallows programmerso storecodein structures
well suitedto differenttasks:to performa particulartask,the programmerganchoosethe organizatiorbestsuitedto
thattask.

e All artifactsthatcontaina call to the method‘registerGenerator”:
all x | x calls "registerGenerator”
o All artifactsthatimplementthe method‘getProperty”,call the method*‘submitQuery”,andcontainanassignmento thefield “ xmIRepr”:

all x|
x inplements "getProperty" AND
x calls "submtQuery" AND
x assigns " _xnl Repr"
e All artifactsthatarea partof thedynamicmenucontritution subsystem:
all x|
X inplements "contributeMenu" OR
X creates "MenuContribution" OR
(exists m: MethodCall |
min x AND
(m nane="gener at eMessage" AND m paranf 1] ="nmenu. subnit") OR
(m nane="subscri beMessage”" AND m parani 1] =" nmenu. contri bute"))

Figurel: Examplequeriesfor VSF generation

Covenprovidessupportfor dynamicallygenerating/SFsthroughthe useof a querylanguage Programmergan
specify queriesto describewhat programartifactsshouldbe includedin a particularVSF, or what VSFsshouldbe



includedin avirtual directory, etc. Theuseof aquerylanguageallows programmerso compactlyandunderstandably
describethe contentsof a programartifact. (We presentour argumentfor the necessityof a dynamicquerysystem,
alongwith thedetailsof the querylanguageandits efficientimplementatiorin [4].) Whena VSF is namedandstored
by thesystemthequerythatgeneratedheVSFis storedunderthename andcanbeincrementally(andautomatically)
updatedasthe programmemodifiesthe setof artifactsthat make up the VSE A few samplequeriestakenfrom our
studyof a highly decouplegrogrammingervironmentareillustratedin figure 1.

2.2 Locks and Coordination

Lik e programorganizationjn mostSCM systemscoordinationbetweerprogrammersverlapswith storage:coordi-
nationis providedthroughfeaturedik elocksor optimisticconflictdetection andthatfunctionalityis providedentirely
in termsof atomicsourcefiles. This leadsto problemswith strongcoordinationfacilities, becausehey are provided
in termsof theatomicunit of the storageconcernwhenin fact,they shouldbe providedin termsof the semantiaunits
of theunderlingprogramminganguage.

The purposeof coordinationfacilities is to allow programmerdgo communicatenformation aboutimpending
changesThe coordinationfacilities allow the systemto maintaina consistentodebaseallowing multiple program-
mersmakingconcurrenthangesbut preventingconflicting changegrom beingenterednto the sharedcodereposi-
tory. Therearetwo mainmethodsusedto performcoordination:locking (or pessimisticlcoordination andoptimistic
coordination.

In locking coordinationthe SCM systemallows programmerso lock the storedprogramartifactsthatthey intend
to change Only oneprogrammeis allowedto have alock on a givenartifactata givenmoment.If this mechanisnis
usedcorrectly programmersrepreventedfrom makingconflictingchanges.

In optimistic coordinationthe SCM systemmakesno attemptto actively coordinatethe programmersit allows
programmmer$o make concurrenthangesvithout botheringto preventconflicts. However, whencodeis integrated
into the sharedrepository it detectsary conflictsbetweenthe codebeingintegrated,andthe currentversionin the
sharedrepository If ary conflicts are detected the codeintegrationis halted,and the conflicts must be resoled,
possiblywith theassistancef the SCM system.

I claim thatlocking coordinationis the correctapproachthe SCM shouldmalke its besteffort to preventconflicts
from occuring.Optimisticcoordinationis only desirablebecausdocksareprovidedonthewrongobjects,andthis, in
turn, is becausef thefundamentaerrorof treatingsourcefiles asatomicunits.

Coordinatioris properlyprovidedin termsof collectionsof artifacts:locksshouldbeappliedto theexactcollection
of artifactsaffectedby animpendingchange.In a conentionalSCM system wherecooridnationoccursin termsof
files, thisis impossible.Butin asystemlik e Coven,wherethe concerrof coordinationis properlyseparatedtom both
storageandorganizationijt is naturalto provide locking coordinationof the correctstructures.

In Coven,thesamequerylanguageausedfor specifyingVSFsis usedfor specifyinglocks. A lock canbeappliedto
ary collectionof fine-grainedporogramartifactsspecifiedoy a query Thelocked codecollectionneednot correspond
to ary existing VSF, but cancrossall of the storedprogramorganizationsn any way thatthe programmedesires.

Therearetwo significantadvantagedo this approach.First, the programmeicanlock exactly the setof artifacts
associatedvith a change.Insteadof locking an entire sourcefile (asin mostfile-basedSCM systems)or locking
individual fine-grainedartifacts (asin mostfine-grainedSCM systems) the programmercan preciselyspecify the
scopeof thechangeandlock exactly therelevantartifacts.

Second this mechanismenhanceshe understandingf other programmers.While the changeis in processa
programmemwho triesto createa conflictinglock will beinformedof the conflict, andwill seethe descriptionof the
conflictingchangelf they wantto breakthelock, they arefreeto do so, but the programmeholdingthelock will be
notified of the break,andthe descriptionof the changethatrequiredthebreak.

2.3 ConsistentProject Versioning

Consistenfprojectversioning(CPV) is an essentiafeaturefor any modernSCM. By CPV, we meanthatthe SCM
systemprovidessomemechanisnof managingchangeby recordingchangeshatcrossorganizationalinitsasatomic
units. This canbe doneby a variety of mechanismsmostprominentlyincluding changepackagegasusedby mary
systemssuchas ClearCase[p Adele[5 2] or Infuse[q), or project orientedversioning(as usedby systemslike
PRCSI6]).



Liketheotherrequirementshatwe have discussedgonsistenversioningrequirescrossingstandardrganizational
dimensionandis absolutelycrucialfor muchof theadvancedunctionality of currentSCM systemsUnlike theother
featuregproposedhere,thisis alreadywidely implemented:someform of it is presenin everymodernSCM system
in usetoday However usefulit is in its currentform, this featureis limited by the factthatit crosseshe dominant
decompositiorof the systemwithout acknavledgingthe factthatthe organizationatimensionof the systemis made
up of non-atomicunitsthatcanbe decomposehto small semanticallymeaningfulpieces.

A consistentchangeaccrossthe systemis recordedin termsof deltasappliedto source files The factthata
particularchangeaffectsonly a smallportionof givensourcefile is recordedby the systembput thefactthatit affects
preciselyonesemanticentity in the sourcefile is lost, becauseghe systemcannotrecognizethe semanticentitiesthat
malke up thesourcfile.

In Coven, we perform consistentproject versioningusing a heirarchicalproject model basedon the project-
versioningmodelof systemdike PRCS.Eachtime a programmemakesa changehatspansa collectionof artifacts,
the systemcreatesew versionsof the changedartifacts,andthenrecordsa new versionof the systemcontainingthe
updatedartifacts. With this mechanismthe systemhasa recordof exactly whatartifactversionscoexistedwith one
anotherat ary giventime. This addressesne of the key problemswith the changepackagemodel: underchange
packagesit canbe difficult to identify whethera particularversionextractedfrom the systemcorrespondso a prior
stateof thesystem.

3 RelatedWork

Theideaof multidimensionalityusedby Covenoriginatedin the separatiorof concerncommunity[13, andtheideas
weredevelopedin discussionwith IBM’ s HyperSpaces[[7team. This notionis closelyrelatedto the dynamicview

mechanismef the Gwydion Sheetsrvironment[11, andDesert[1(, andthe dynamichierarchicalkconfigurationsn

ICE[13)], Adele,andInfuse[§.

The versioningmodelusedby Covenis basedon a variantof the project-basedersioningmodel proposedoy
PRCSJ[6],with a consisteng modelbasedon the featurelogic of ICE[13]. Usingfine-grainedversioningasa mecha-
nismfor inter-programmercoordinationwasexploredby the COOP/Ormproject[]. COOP/Ormwasa collaboratve
programmingervironment, basedon extremely tight collaborationbetweenprogrammersand usedan even finer
grainedform of storageand versioningthan Coven. However, it still enforceda single organizationalview of the
system.

4 Conclusions

In this paper | have describechow multidimensionalsoftware configurationmanagemenprovides more powerful
supportfor softwaredevelopmenthanconventionalSCM systemslt doesthis by separatinghe distinct concernof
programstorage programorganization andinter-programmercoordinationwithin the SCM system.This separation
enables variety of featuresjncluding dynamicmultidimensionaprogramorganizatiorthroughvirtual sourcefiles,
lock basectoordinationof appropriateorogramartifacts,andenhancedommunicatiorbetweerprogrammingeams.
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