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UniversiẗatKarlsruhe

Am Fasanengarten4, 76128Karlsruhe,BRD
+497216083934
reuter@ira.uka.de

Abstract
Thecurrentsuiteof systemsthatoffer client/servercapabil-
ities for documentversioningreliesonproprietaryprotocols
for communicatingbetweena central versioningrepository
anda remoteclient. In order to supportbetterdocumentau-
thoring via theWeb, theDeltaVworkinggroupof theWeb-
DAV (WWWDistributedAuthoring and Versioning)project
of theInternetEngineeringTaskForceis workingona stan-
dard protocolfor versioningoverHTTP. Theauthorspresent
a prototypeof DeltaVbasedon the04.5draft. Thissystem
demonstratesthat, thoughimportantaspectsof theprotocol
needto berevised,versioningvia theWebcanbea practical
meansof supportingremoteaccessto a central versioning
repository.
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1 Introduction
During the last decade,the World Wide Web (WWW) has
evolved to becomethe mostpopularuserinterfacefor ac-
cessingremoteresourcesvia theInternet.Thedevelopment
of the Internetalsoexertsa greatinfluenceon structuresin
business,science,andat home.Globalizationdescribesthis
processof structuresgrowing to spanthe entireworld with
the InternetandtheWWW askey technologies.Groupsof
peopleworking togethercanusethe Internetfor distributed
authoringanddevelopment. Distributedauthoringandde-
velopmentitself requiresarefinedorganizationandmanage-
mentof working processes.Versioningis a technologythat
addressestheseconcerns,but, so far, hasnot beenavailable
in standardizedfashionover thenet.

Thedesignersof HTTP, thecommunicationprotocolof the
Web,hadtheideaof supportingversioningover theWWW
in mindfrom theearlydaysof theWeb;but while HTTPhas
offeredvariousfacilities for remoteaccessingof a server’s
resourcesfrom thebeginning,it still lacksadequatesupport
for distributedauthoringandversioning.Therearenomech-
anismsin HTTP, suchaslocking, to coordinateconcurrent
accessesto a server for modifying resourceson thatserver.
A generalframework to storeandmanagemetadataabout
resourcesis also missing. WebDAV (Distributed Author-
ing andVersioningover theWeb) addressestheseproblems
by extendingHTTP with a coupleof new messageheaders,

HTTP methodsandstatuscodes.Thoughits namealready
implies supportfor versioning,WebDAV just provides the
basicinfrastructurefor authoring.It leavestherealizationof
versioningDeltaV—anotherprotocolwhich itself is an ex-
tensionof WebDAV. DeltaV is still beingdeveloped,but is
likely to becomeaproposedInternetstandardwithin thenext
few months.

Theauthorshavebuilt aprototypeclient/server implementa-
tion of DeltaVbasedonthe04.5draftspecification.Though
the prototypeis in an early, experimentalstageandstill far
from fully compliantwith thespecification,it alreadysheds
light onto the workability of the specification.Thoughthe
authorsencountereddifficultieswhile implementingDeltaV,
DeltaVrepresentsa largesteptowardsbetterWebbaseddis-
tributedcollaboration.

2 The foundation: HTTP, XML, and WebDAV
DeltaV is an extensionof WebDAV, which itself extends
HTTP. A short look at the designof HTTP, WebDAV, and
the conceptsof XML is neededto understandthe founda-
tion uponwhich DeltaV builds. Of these,HTTP is themost
fundamental.

The Hypertext Transfer Protocol (HTTP) is an
application-level protocol for distributed, collab-
orative, hypermedia information systems. It
is a generic, stateless,object-orientedprotocol
which canbe usedfor many tasks,suchasname
servers and distributed object managementsys-
tems,throughextensionof its requestmethods[9].

The overall operationof HTTP follows a request/response
paradigm. An HTTP client sendsa requestmessageto an
HTTPserver whichhandlesthemessage,createsa response
messageandreturnsit. An HTTPmessageconsistsof ames-
sageheaderwith MIME-lik e messageheaderlinesand,op-
tionally, a messagebodythatmaycontaindataof any type.
A requestmessageheaderalsocontainsa requestline with
therequestmethod,andaresponsemessageheadercontains
a statusline with a statuscode.

XML, the ExtendedMarkup Language[10], is a subsetof
SGML[1]. XML documentscontain characterdata and
markupelements,giving the documenta logical structure.



XML provides a mechanismto imposeconstraintson the
storage� layoutandlogicalstructureof XML documents.Un-
like HTML, which is an applicationof SGML with a fixed
markupgrammar, XML is generic.TheXML specification
definessomerulesthatadocumentmustsatisfyto beawell-
formed XML document. This includesthe syntaxof the
entitiesof an XML documentand a propernestingof the
markup,i.e. criteria thatcanbecheckedwith a pushdown
automaton.A documentis a valid XML document,if it is
a well-formedXML documentandsatisfiessomeadditional
rules. In particular, to be valid, an XML documentmust
have an associateddocumenttype declaration (DTD), and
thedocumentmustcomplywith theconstraintsexpressedin
that definition. In general,testingvalidity requiressymbol
tablebasedanalysis.Thedocumenttypedefinitioncontains
or pointsto markupdeclarationsthatprovidea grammarfor
thelogical structureof thedocument.

WebDAV (Distributed Authoring and Versioning over the
Web)[12] extendstheHTTPprotocolby introducingthecon-
ceptof properties,collections,namespaceoperations,anda
resourcelocking mechanism.For this purpose,it definesa
set of new HTTP methods,headers,and statuscodes. As
analternative to usingmessageheadersfor transmittingpa-
rameters,WebDAV usesXML to transmitstructureddatain
the messagebody of HTTP messages.Aside from provid-
ing well-definedstructuring,XML hasanadditionaladvan-
tageovermessageheadersin its suitability for describingan
unlimited quantityof data. The protocol specifiesmecha-
nismsfor storingandmanagingmetadataaboutresources.
This metadatais storedin theform of propertiesassociated
with eachresource.WebDAV distinguishesfurtherbetween
livepropertiesanddeadproperties.Livepropertiesareman-
agedby theserver, whereasdeadpropertiesareonly stored
on theserver, but aremanagedby theclient. Propertiesare
expressedusingXML. ThoughmostcoreHTTP serversal-
readyordertheirresourceshierarchicallyin afile systemlike
manner, WebDAV explicitly introducescollectionsasa spe-
cial resourcetype for representingandmanaginggroupsof
resources.This is directly analogousto directoriesin a file
system. The new methodsPROPFIND andPROPPATCH
enablea client to queryandmodify propertiesof resources
in theserver’s namespace.Namespaceoperationssuchas
MKCOL, MOVE, andCOPY enablea client to createnew col-
lectionsandto moveandcopy resources,respectively. Web-
DAV alsoaddressesthe “lost updateproblem”by introduc-
ing theframework of anextensiblelockingmechanismwith
themethodsLOCK andUNLOCK.

3 DeltaV: the V In WebDAV
DeltaV[6] is intendedto completethe effort of integrating
versioninginto the Web. DeltaV builds on the infrastruc-
tureof HTTP andWebDAV. Its maingoal[5] is thesupport
of versioningdataof all formats(includingbinaryformats),
withoutoverly restrictingversioning-unawareclients.

DeltaV usesa resource-basedcheck-in/check-outmodel to

createnew versionsof a resourcefrom existing ones. It
introducesthe conceptof a versioned resource to track
all revisions in a history. To create a versioned re-
source,a client appliestheVERSION method(in draft 12,
VERSION-CONTROL) to a non versionedresourcethat is
applicableto beput underversioncontrol. The server then
replacesthe non versionedresourcewith a newly created
versionedresourceand createsan initial revision that rep-
resentsthe formerly non versionedresource. Whenever a
new revisionis created,theservercreatesanew, uniqueURL
calledstableURL. A client canaccessthe revision by sim-
ply accessingthe resourcevia its stableURL. The URL is
called stablebecauseit will not change,even if the asso-
ciatedversionedresourceis moved to a different location
in the server’s namespace. Checkingout a revision with
methodCHECKOUT createsa server-sideworkingresource.
A working resourcemay be manipulatedby applyingcore
HTTP methodssuchasGET or PUT to retrieve and over-
write the working resource. A CHECKIN methodapplied
to a versionedresourcewith the working resourceasargu-
mentcreatesa new revisionandusuallydeletestheworking
resource.UNCHECKOUT cancelsapreviousCHECKOUT.
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Figure1: TypicalDeltaVrevisiongraph

DeltaVintroducesapowerful methodcalledREPORTwhich
providesanextensiblemechanismfor obtaininginformation
aboutresources.In particular, a propertyreportcanbeused
to retrieve propertiesfrom a setof resources.While Web-
DAV’s PROPFIND operateson resourcesvia the server’s
namespacehierarchy, a propertyreportoperateson a setof
resourceslisted in a propertyof anotherresource.This en-
ablesa client to retrieve propertiesfrom a setof resources,
suchas from all revisions of a versionedresource,with a
singlerequest.This is trueevenif theresourcesarescattered
over theserver’snamespace.

Beyondcoreversioning,DeltaValsosupportsadvancedver-
sioningfeaturesincludingthemanagementof activities and
workspaces,versionedcollectionsandmergingof revisions;
however this articleonly studiesthecoreversioningpartof



theprotocol.

4 Putting RCE and VRCE to the task
Theprototypeclient/server implementationdescribedherein
usesRCE[7], theRevisionControl Engineasrevisioncontrol
backendon theserver side,andVRCE, theVisual RCE, as
thegraphicalfront endontheclientside.

RCEusesa check-in/check-outparadigmto createrevisions
just like DeltaV. RCEstoresandmanagesanarbitrarynum-
ber of revisionsper file. It organizesthe revisions into an
ancestralgraph,calleda revisiongraph, andstoresthemin
a file calledan archive. It automatesthe storing,retrieval,
logging, and identificationof revisions. A revision canbe
labeledto give it additionalnamescalledaliases. Thereby,
RCEprovidesselectionmechanismsfor composingconfig-
urations.Whenarevisionis checkedoutof anarchiveinto a
workingfile for modification,RCEcreatesa template, i.e. an
emptyrevision, asa placeholderfor thenew revision. This
revision will befilled whenthework file is checkedinto the
archive. This enablesthe userto storedataaboutthe new
revision beforethework file is checkedin. Figure2 shows
a typical revision graph. RCE works with datafiles of any
format,including,but not limited to binarydata.It provides
an applicationprogramminginterface(API) that enablesit
to beintegratedinto, or calledfrom, any application.
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Figure2: TypicalRCErevisiongraph

VRCE is a graphicalfront endfor usingRCE.Ratherthan
calling RCE directly, it definesa repositoryinterface that
providesa high-level abstractionof the RCE functionality
neededby VRCE. The standarddistribution of VRCE uses
a repositorythat mapsinto RCE function eitherdirectly or
via Java RMI. To createa DeltaV client, it wassufficient to
implementa repositorythatmapsVRCEfunctionalityto the
DeltaVprotocol.

5 Some assembly required
For DeltaV to becomewidely accepted,the protocolmust
be adaptableto a wide rangeof existing versioningcontrol
systemsanddocumentmanagementclients. It mustbesim-
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Figure3: Architecturaloverview of VRCEvia DeltaV

pleenoughto allow easyimplementationof aDeltaVserver,
even on the basisof a revision control systemwith limited
functionality. On theotherhand,it mustbecomplex enough
to enableconfigurationmanagementsystemswith advanced
featuressuchasversioneddirectoriesor specialhandlingof
workspacesto offer thesefeaturesto clientsin a consistent
mannerwithoutundueeffort. DeltaVaddressesthis require-
mentby definingcoreversioningasa setof minimally re-
quiredfunctionalityandadvancedversioningasa setof op-
tionalextensionsto thebaseprotocol.

The authors’implementationservesasan exampleof what
difficultiesmayarisewhenmappingthe functionalityof an
existing revision controlsystemto themodelof DeltaV, and
how to solve suchdifficulties. It turns out, that the func-
tionality of RCE, which served as back end revision con-
trol system,roughlymatchesthatof coreversioning.While
both, DeltaV and RCE, use a check-in/check-outmodel,
therearestill somesignificantdifferencesbetweentheirver-
sioning models. Only RCE provides the conceptof tem-
plates. RCE’s archive and revision attributesdiffer in use
from DeltaV’s resourceproperties. Furthermore,while in
DeltaV all branchesof a revision grapharehandledequiv-
alently, RCE’s branchingconceptdistinguishesbetweena
mainbranchandsidebranches,andit providesspecialhan-
dling for so-calleddefault branches.Thebranchingissueis
of specialinterest,sinceit will alsoapplyto many otherrevi-
sioncontrolsystemssuchasRCS[11]or ClearCase[2] when
they aremappedto DeltaV’sversioningmodel.

RCE’s conceptof reservinga templateon check-outis use-
ful for storingattributesof a revision thathasbeendeclared
by a check-outoperation,but will not beavailableuntil the
correspondingcheck-in. A check-outunderDeltaV creates
a server-sideDAV-enabledworking resource,whoseproper-
tieswill besavedalongwith therevisionwhenit is checked
in. Working resourcepropertiesmapnaturallyto RCEtem-
plateproperties.Thuseachworking resourcecanbe repre-
sentedby a file anda template. The only difficulty is that



caremustto betakenwhentraversingarevisiongraph.RCE
treats� templatesjust like ordinaryrevisionsduringtraversal.
Theservermustskipall templateswhenrepresentingarevi-
sionhistory. Ontheotherhand,theVRCEclientcanassume
theexistenceof a templatefor eachworking resource.This
canbedoneevenif anotherserveris used,whoseunderlying
revision modeldoesnot includetemplates.DeltaV enables
the checkingin of a revision while preservingthe working
resource.Effectively, this is a checkin followedby a check
out. Thus,beyondfilling thetemplateto becomeanew revi-
sion, theserver mustcreatea new templateto representthe
propertiesof thenew workingresource.Similarly, deletinga
working resourcemeansdeletinga templateby applyingan
uncheck-out.Of course,DeltaV providesa specialmethod
calledUNCHECKOUT astheproperway to deletea working
resource,ratherthanusingthecoreHTTPmethodDELETE.

As mentionedabove, branchesin RCE are not all equiva-
lent. However, thespecialhandlingfor the trunk or default
branchmaybe turnedoff; hencefrom this point of view, it
is not a problemto implementa DeltaV server on the base
of RCE. The otherway aroundis a little bit morecompli-
cated. To implementa client that usesa DeltaV server as
revision control systemandmimics RCE’s functionality, it
mustprovideadditionalhandlingto distinguishbetweenspe-
cial branches.WebDAV serversshouldsupporthandlingof
arbitrary user-defineddeadproperties. Assumingthat the
DeltaV server supportsthis featureon revisionsandwork-
ing resources,a client can mark resourceswith additional
properties.For example,whenever creatinga new working
resource,theclient mayadda propertyto representits own
revisionnumberingschemeandthusprovideameansto dis-
tinguish, for example,a trunk from otherbranches.Note,
however, thatusingnon-standardpropertiescanleadto inter-
operabilitybetweendifferentclientsthatshareaccessto the
sameresourcesof the sameDeltaV server. Alternatively, a
clientmayevaluateproperties,suchasthoseholdingthecre-
ationdateandtime of a revision, to decidewhich branchis
theoldestone.Thisassumesthatat eachjunctionwork pro-
ceededon themainbranchfirst. This will work unlessone
startsbranchingoff beforecontinuingthecurrentbranch.To
summarize,a DeltaV client may–within limits–distinguish
betweenbranchesthewayRCEdoesby providingadditional
handling.Theonly cleanway to solve this problemis to in-
troduceoptionalpropertiesinto theadvancedversioningpart
of theDeltaVprotocolto markbranches.

What remainsto be examinedis to what extent RCE at-
tributesmatchDeltaV resourceproperties. SomeRCE at-
tributes,suchas thosecontainingthe authorof, or a com-
mentabouta revision,corresponddirectly to resourceprop-
ertiesfor the samepurpose.OtherRCE attributes,suchas
thosedescribingthepredecessor/successorrelationsbetween
revisions,needa morerefinedhandlingto mapto thecorre-
spondingresourceproperties. RCE’s branchingmodelas-
sumesthat at most a single successorof a given revision

on the samebranch;any further successoris marked as a
side branchand storedin an ordered list. Thus RCE dis-
tinguishesbetweenmainbranchesandsidebranches.Since
DeltaVdoesnotdistinguishbetweenbranches,it modelsthe
successorrelationasan unorderedsetof successors.Map-
ping RCE’s model to DeltaV’s can easily be doneby just
uniting all successorsto a singleset. Theoppositemapping
requiresonceagaineitheradditionalhandling,suchaseither
markingbrancheswith client-definedpropertiesor evaluat-
ing additionalpropertiessuchasthe creationdateandtime
of revisions. As mentionedabove, the mappingof the suc-
cessorrelationmustalsoconsiderthatRCEtemplatesmatch
DeltaV working resources.Similarly, RCE providesan at-
tributeto distinguishbetweenamergepredecessorandapre-
decessorof the samebranchwhile DeltaV handlesthemin
a singleset. Onceagain,additionalhandlingsimilar to that
of thesuccessorhandlingcanbeusedto uniquelymapboth
models.

Resourcetype DeltaVproperty RCEattribute

Versioned DAV:author ARCH AUTHOR
Resource DAV:comment ARCH DESCRIPTION

DAV:revision-set REV NEXT,
REV BRANCHES

N.N. ARCH WORK PATH
N.N. ARCH RCA PATH
DAV:creationdate ARCH DATE
N.N. ARCH COMMENT

LEADER
N.N. ARCH DEFAULT

BRANCH
N.N. ARCH USERS
N.N. ARCH KEYS
N.N. ARCH MODES
N.N. ARCH LOCK LEVEL

Revision DAV:author REV AUTHOR
DAV:comment REV DESCRIPTION
DAV:predecessor-set REV PREV,

REV MERGE FROM
DAV:successor-set REV NEXT,

REV BRANCHES
DAV:creationdate REV DATE OUT
DAV:checkin-date REV DATE IN
DAV:getlastmodified REV TIMESTAMP
DAV:revision-id REV NAME
DAV:revision N.N.
DAV:working-resource- REV NEXT,
id-set REV BRANCHES,

REV WORK PATH
DAV:label-set REV ALIASES
N.N. REV STATE

Table1: RelationbetweenDeltaV resourcepropertiesand
RCEattributes

RCE supportssomeattributesfor which thereis no corre-
spondingDeltaV resourceproperty. As long as the server
supportsuser-defineddeadproperties,theseattributescanbe
mappedto suchdeadproperties,providedthattheattributeis
notexpectedto affect theserver’sversioningbehavior. And,
onceagain,usinguser-defineddeadpropertiesmay impact
interoperabilitybetweendifferent clients. An exampleof
sucha propertyis RCE’s stateattribute.Thisstoresthestate



of a revision andmayhave valueslike experimental,stable,
or released.�

DeltaV also doesnot supportkeyword substitution. If re-
quired,a client will have to do thesubstitutionby itself, for
examplewhenever retrieving a working resourceor revision
from the server. It may onceagainusedeadpropertiesto
storeparametersfor thesubstitutionprocess.

The issueof accesscontrol is still open. RCE supportsac-
cesscontrolattributes,but DeltaV mechanismsfor resource
locking andanaccesscontrol list extensionto WebDAV are
still underdevelopment.It is notyetclearhow thiswill bere-
solvedin DeltaV. Thusno reasonablemappingcanbemade
atpresent.

Table1 summarizessomeof therelationsbetweenRCEat-
tributesandDeltaVresourceproperties.

A moving target
Partof thedifficulty of prototypinganew protocolis theun-
avoidablefactthatoneis shootingat a moving target. Since
theacceptanceof thisarticlefor publication,theDeltaVpro-
tocol hasundergonea majorrestructuring.Thecurrentdraft
12 asof January20, 2001,differsnoticeablyfrom theearly
04.5draft thatwasusedto build theprototype.

A primegoalof DeltaV is to build a protocolthatis applica-
ble to a wide varietyof revision controlanddocumentman-
agementapplications.Therearethreemodelsof usethatthe
restructuringaddresses:versionunawareclients,thin clients
with server managedwork spaces,and thick clients with
client managedworkspaces.This wasnot very clearin ear-
lier versionsof the specification.To improve this situation
andto make simpleimplementationpossiblefor document
managementsystemswith versioningunawareclients,core
versioninghasbeendrasticallyreducedto thebareminimum
of featuresandinsteaddefinesseveralprotocoloptionsthat
clientsandserversmay, but neednot implement. A client
canask the server for the optionsthat it supportsto know
what it canusein subsequentrequests.Thereis no longer
any notionof anadvancedversioningserver thatsupportsall
options,becausenotall optionscombinationsarenecessarily
desirable.For instance,a server thatsupportsbaselineshas
noneedfor labels.

As of draft12,coreversioningnow requiressomeextensions
of WebDAV thatdonotdependon versioning.Thesearein-
cludedin DeltaVasappendix,but will likely becomepartof
a future versionof WebDAV. Among these,thereis an ex-
tensionto theHTTPOPTIONSmethodthatallowsclientsto
exploretheserver’s capabilitiesin a morerefinedway. The
genericmethodREPORT enablesclientsto retrieveinforma-
tion aboutresourcesvia parameterizedrequests.

Core versioningessentiallyintroducesthe resourcetypes
version-controlled resource andversion, the HTTP method
VERSION-CONTROL andadditionalsemanticsfor existing
HTTP methods.VERSION-CONTROL is usedto turn any

versionableresourceinto a version-controlledresource.A
version-controlledresourceactsasa proxy to eitherthe last
checked-in versionor checked-outmodifiablecopy of the
last version. This andall otherversionsareaccessiblevia
stableURLs thatareguaranteedto never change.New ver-
sionsarecreatedby implicit checkin/checkout via methods
likePUT andPROPPATCH thatmodify resourcesor resource
properties. Thereare resourcepropertiesdefinedon ver-
sionsand version-controlledresourcesthat enablea client
to implicitly navigatethroughtheassociatedversionhistory;
clientscanalsoretrieveselectedpropertiesfrom all versions
of animplicit versionhistoryvia aspecialREPORT method.

The advancedversioning part of the protocol now cov-
ers many options that formerly were obligatory parts of
core versioning. In particular, even checkout is explic-
itly an advanced versioning option, which defines the
CHECKIN/CHECKOUT requests.A versionselectionmech-
anismis providedvia theUPDATE methodof theupdateop-
tion. Theversion-historyoptionmakestherevisiongraphof
a versionedresourceavailablevia a URL. Finally, the label
optionletsa usergivea revisionaliases.

Draft 12 now makesthedistinctionbetweenclientmanaged
workspacesandserver managedworkspacesclearer. Client
managedworkspacescanbeimplementedwith theworking-
resourceoptions.Server managedworkspacesarespecified
by theworkspaceoption.

There are several options of the old advancedversioning
thatcompletethesetof options.Themerge optionprovides
a meansof recombiningdevelopmentpaths. The baseline
andversion-controlled-collectionoptionsaddconfiguration
managementcapabilitiesto DeltaV. The activity option is
usedto denotea setof versionson a singleline of descent,
possiblyonmultipleversionhistories;activitiesmaybeused
to managechangesetsandbranches.The fork-control op-
tion enablesa client to controlwhenandwherebranchesin
a versionhistory may occur. Finally, the variant option is
providedto helpmanagealternativeversionsof a document.

Althoughtheseoptionsarenot fully independentfrom each
other in the sensethat someoptionsaffect the behavior of
others,a server maysupportalmostany subsetof theseop-
tions. The only exceptionis that the workspaceoption re-
quirestheversionhistoryoption. In general,thenew organi-
zationis easierto understand.

6 Cracks in the foundation
While implementingthe DeltaV server and the client-side
repository, several difficulties showed up. Most of the dif-
ficulties pertainto WebDAV. Resolvingsomeof theseap-
propriatelywould requirechangesnotonly to DeltaV, but to
WebDAV aswell.

In theInternetcommunity, a protocolmustgo througha se-
ries of statesor maturity levels before it becomesa stan-
dard, namelyProposedStandard, Draft Standard and, fi-



nally, Standard Protocol. Theprocessis describedin detail
in the

�
InternetOfficial ProtocolStandardsdocumentwhich

is frequentlyre-issuedasanRFC,e.g.asRFC2400[8]. The
standardizationprocesscanlast for a long time. As thehis-
tory of theHTTP protocolshows, it mayspanseveralyears.
Although first practical experienceswith the WWW date
backto 1990,HTTP becamea ProposedStandard,the low-
estmaturity level in thestandardizationprocess,not earlier
thanin 1997,whenHTTP/1.1wasissuedasRFC2068.

The first work on WebDAV is documentedas RFC 2291,
which was issuedin early 1998 as informationalRFC. In
early1999,lessthanayearlater, WebDAV alreadybecamea
ProposedStandard(RFC2518). ThoughWebDAV concen-
tratesononly a few aspectsof client/server interaction,such
asresourceproperties,collections,locking,andnamespace
operations,thetime frameseemsquiteshort.Indeed,thelist
of openissuesonWebDAV[4] hasgrown dramaticallysince
its publicationasProposedStandard.The quickly growing
numberof implementationsthat claim to supportWebDAV
will make it difficult to incorporatemajorchangesin future
versionsof theprotocol.

WhattheauthorsregretmostaboutWebDAV is thatthepro-
tocol doesnot usevalid XML, but only well-formedXML.
At the sametime, WebDAV still definesa documenttype
declaration,whoseprimary use, a readerof the protocol
could expect, is to validateXML documents.Discussions
on the WebDAV working groupmailing list[3] cameto the
conclusionthattheuseof validatingXML seemsto bepossi-
blewith only minormodificationsof theprotocol.However,
mostparticipantsdid not agreewith theauthorson theneed
of usingvalidatingXML. Indeed,an error in the document
type definition, aswell as in an XML exampleof the pro-
tocol, hasbeendetectedby partial validation. This clearly
demonstratesa benefitof validation. Anotherbenefitis im-
proved interoperability, becausefaulty implementationsof
serversor clientswill bedetectedsooner. Thisdoesnotmean
that all WebDAV implementationsmustvalidateXML; but
theprotocolshouldbedesignedin suchawaythatanimple-
mentationmayvalidateXML. However, thecurrentversion
of theWebDAV protocolusesinvalid XML andthusmakes
compliantvalidationof XML impossible.Theauthors’pro-
totypeimplementationusesan XML parserthat checksfor
well-formednessonly; approximatebut not fully compliant
validationis performedmanuallyon a ”besteffort“ strategy
within thelimitationsof theprotocol.

7 Conclusion
The authorssucceededin implementinga core versioning
DeltaV server andclient prototypeasof DeltaV draft 04.5
with thediscussedlimitations, thusproving thepracticabil-
ity of the protocol. This processhasbeenuseful both for
providing input to thedevelopmentof theprotocolandout-
lining problemswith thebaseprotocolWebDAV.

WebDAV providesa greatamountof the infrastructurethat

DeltaV is basedupon. Still, it suffers from a tremendous
(andyetgrowing) amountof known anddocumentedissues.
Someof theseissuescanbeaddressedby extendingthepro-
tocol. Otherissueswill be difficult to changebecausethey
wouldintroduceincompatiblechangesto theprotocol.What
makesthisparticularlydifficult is thequickly growing num-
berof commercialWebDAV implementations.This is unfor-
tunatebecausethe changesneededto make the XML used
by the protocolvalid will probablynot be acceptedby the
WebDAV community. Thoughvalidationneednot be done
oneverytransaction,it providesaconvenientmethodof test-
ing bothimplementationsandtheprotocoldefinition. Some
thoughtshouldbegivento methodsfor upgradingprotocols,
like requiringsomesortof versionheader, andto how XML
shouldbeusedin IETF protocols.

Thetaskof cleanlymappingthefunctionalityof RCEasan
exampleof abranchingmodelversioncontrolsystemturned
out to be reasonable.The DeltaV property report turned
out to be a key featurefor efficient propertyhandlingon
versionedresources,when operatingon many revisionsor
working resources.This capability hasbecomea DeltaV
suggestedextensionto WebDAV. Problemssuchasthe or-
deringof branches,canbesolvedby introducingproprietary
resourceproperties,but this is undesirablebecauseit makes
interoperabilitywith otherclientsthatsharethesameDeltaV
server namespacedifficult. The authorsareactive partici-
pantsin the DeltaV working groupandareworking to re-
solve theseissues.Futureextensionsto WebDAV, like the
ACL specification,mayeliminatetheneedfor user-defined
propertiesandthusenhanceinteroperabilitybetweendiffer-
ent clients that sharethe sameversioneddataon the same
DeltaVserver.

DeltaVis asensibleandpracticalextensionto WebDAV. The
main difficulty in designingand testingthe protocol is the
wide variety of versionsystemsthat needto be supported.
It remainsto beseen,whetheror not theprotocolis signifi-
cantlywell described,so thata separatelydevelopedclients
andserverwill work together.

8 Future work
The currentprototypeis limited to coreversioningof draft
04.5. DeltaV providesa numberof interestingfeaturesfor
advancedversioningwhichthisstudydoesnotconsider. The
latestdraft hasalso changedthe conceptualbasisfor core
versioningto a minimal systemsuitablefor documentman-
agementsystems.Everythingelsehasbeenmoved to op-
tions. More investigationis neededto examinethepractica-
bility of DeltaV’s optionsand their interaction. Efficiency
problemsof thevery earlyprototypecurrentlyrevealweak-
nessesin its designand implementationratherthan weak-
nessesof theprotocol.Morework ontheprototypeis needed
to provide a betterinsight into the efficiency andeffective-
nessof DeltaV. The ultimate test will be to test this client
andserver againstsomeoneelse’s server andclient respec-
tively.
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