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Abstract

Thecurrentsuiteof systemshat offer client/servercapabil-
ities for documenvtersioningrelieson proprietaryprotocols
for communicatingpetweera central versioningrepository
andaremoteclient. In orderto supportbetterdocumentwu-
thoring via the Web, the DeltaV working group of the \Web-
DAV (WWWDistributed Authoring and Versioning) project
of the InternetEngineeringlaskForceis workingon a stan-
dard protocolfor versioningover HTTR Theauthois present
a prototypeof DeltaV basedon the 04.5draft. Thissystem
demonstatesthat, thoughimportantaspectf the protocol
needto berevised,versioningvia theWebcanbea practical
meansof supportingremoteaccesdo a central versioning
repository
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1 Introduction

During the last decade the World Wide Web (WWW) has
evolved to becomethe most popularuserinterfacefor ac-
cessingemoteresourcevia the Internet. The development
of the Internetalso exertsa greatinfluenceon structuresn
businessscienceandat home. Globalizationdescribeghis
procesof structureggrowing to spanthe entireworld with
the Internetandthe WWW askey technologies Groupsof
peopleworking togethercanusethe Internetfor distributed
authoringand development. Distributed authoringand de-
velopmenitself requiresarefinedorganizatiorandmanage-
mentof working processesVersioningis a technologythat
addressetheseconcernsput, sofar, hasnot beenavailable
in standardizediashionoverthenet.

The designerof HTTPR, the communicatiomprotocolof the
Web, hadthe ideaof supportingversioningover the WWW
in mind from the earlydaysof theWeb; but while HTTP has
offeredvariousfacilities for remoteaccessin@f a sener’s
resourcedrom the beginning, it still lacksadequatesupport
for distributedauthoringandversioning.Thereareno mech-
anismsin HTTP, suchaslocking, to coordinateconcurrent
accessefo a sener for modifying resource®n thatsener.
A generalframanork to storeand managemetadataabout
resourcess also missing. WebDAV (Distributed Author-
ing and Versioningover the Weh) addressetheseproblems
by extendingHTTP with a coupleof nev messagéeaders,
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HTTP methodsandstatuscodes. Thoughits namealready
implies supportfor versioning, WebDAV just providesthe
basicinfrastructurdor authoring.lt leavestherealizationof

versioningDelta\\—anotherprotocol which itself is an ex-

tensionof WebDAV. DeltaV is still beingdeveloped,but is

likely to becomeaproposednternetstandardvithin thenext

few months.

Theauthorshave built a prototypeclient/sererimplementa-
tion of DeltaV basednthe 04.5draft specification.Though
the prototypeis in anearly, experimentalstageandstill far
from fully compliantwith the specificationjt alreadysheds
light onto the workability of the specification. Thoughthe
authorsencounteredifficultieswhile implementingDeltaV,
DeltaV represents large steptowardsbetterWebbasedlis-
tributedcollaboration.

2 Thefoundation: HTTP, XML, and WebDAV

DeltaV is an extensionof WebDAV, which itself extends
HTTP. A shortlook at the designof HTTR, WebDAV, and
the conceptsof XML is neededto understandhe founda-
tion uponwhich DeltaV builds. Of these HTTP is the most
fundamental.

The Hypertext Transfer Protocol (HTTP) is an
application-l@el protocol for distributed, collab-
orative, hypermediainformation systems. It

is a generic, stateless,object-orientedprotocol
which canbe usedfor mary tasks,suchasname
seners and distributed object managemensys-
tems throughextensionof its requesmethods[$

The overall operationof HTTP follows a request/response
paradigm. An HTTP client sendsa requestmessagéo an
HTTP senerwhich handlegshe message;reatesaresponse
messagandreturnsit. An HTTP messageonsistof ames-
sageheademith MIME-lik e messagdéeadelinesand,op-
tionally, a messagdody that may containdataof ary type.
A requesimessagdeaderalsocontainsa requestine with
therequestnethod,andaresponsenessagdeadercontains
astatudine with a statuscode.

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



XML provides a mechanisnto imposeconstraintson the
storagdayoutandlogical structureof XML documentsUn-

like HTML, which is an applicationof SGML with a fixed
markupgrammay XML is generic. The XML specification
definessomerulesthata documentmustsatisfyto beawell-

formed XML document. This includesthe syntax of the
entitiesof an XML documentand a propernestingof the
markup,i.e. criteriathatcanbe checledwith a pushdown

automaton.A documents a valid XML documentjf it is

awell-formedXML documentndsatisfiessomeadditional
rules. In particular to be valid, an XML documentmust
have an associatedlocumentype declaration (DTD), and
thedocumenmustcomplywith the constraintexpressedn

that definition. In generaltestingvalidity requiressymbol
tablebasedanalysis.The documentype definitioncontains
or pointsto markupdeclarationshatprovide a grammarfor

thelogical structureof thedocument.

WebDAV (Distributed Authoring and Versioning over the
WeDb)[12] extendstheHTTP protocolby introducingthecon-
ceptof propertiescollections namespaceoperationsanda
resourcdocking mechanism.For this purposejt definesa
setof new HTTP methods headersand statuscodes. As
analternatve to usingmessagdeaderdor transmittingpa-
rameters\WebDAV usesXML to transmitstructureddatain
the messagéody of HTTP messagesAside from provid-
ing well-definedstructuring, XML hasan additionaladwan-
tageover messagéeadersn its suitability for describingan
unlimited quantity of data. The protocol specifiesmecha-
nismsfor storingand managingmetadataaboutresources.
This metadatais storedin the form of propertiesassociated
with eachresource WebDAV distinguishegurtherbetween
live propertiesanddeadpropertiesLive propertiesareman-
agedby the sener, whereasdeadpropertiesareonly stored
on the sener, but aremanagedy the client. Propertiesare
expressedisingXML. ThoughmostcoreHTTP senersal-
readyordertheirresourcesierarchicallyin afile systenlike
mannerWebDAV explicitly introducescollectionsasa spe-
cial resourceaype for representingand managinggroupsof
resources.This is directly analogougo directoriesin afile
system. The new methodsPROPFI ND and PROPPATCH
enablea client to queryand modify propertiesof resources
in the sener’'s namespace.Namespaceoperationsuchas
MKCOL, MOVE, andCOPY enablea clientto createnew col-
lectionsandto move andcopy resourcesiespectrely. Web-
DAV alsoaddressethe “lost updateproblem” by introduc-
ing the framework of anextensiblelocking mechanisnwith
themethodd. OCK andUNL OCK.

3 DedltaV: theV In WebDAV

DeltaV[6] is intendedto completethe effort of integrating
versioninginto the Weh DeltaV builds on the infrastruc-
ture of HTTP andWebDAV. Its main goal[5 is the support
of versioningdataof all formats(includingbinaryformats),
without overly restrictingversioning-unawreclients.

DeltaV usesa resource-basecdheck-in/check-oumodelto

createnew versionsof a resourcefrom existing ones. It

introducesthe conceptof a versioned resouce to track
all revisions in a history  To create a versionedre-

source,a client appliesthe VERSI ON method(in draft 12,

VERSI ON- CONTROL) to a non versionedresourcethat is

applicableto be put underversioncontrol. The senerthen
replacesthe non versionedresourcewith a newly created
versionedresourceand createsan initial revision that rep-
resentsthe formerly non versionedresource. When&er a
new revisionis createdthesenercreate@new, uniqueURL

calledstableURL. A client canaccesghe revision by sim-

ply accessinghe resourcevia its stableURL. The URL is

called stablebecauset will not change,evenif the asso-
ciated versionedresourceis moved to a differentlocation
in the sener’s namespace. Checkingout a revision with

methodCHECKQUT createsa sener-sideworkingresouce

A working resourcemay be manipulatedby applying core
HTTP methodssuchas GET or PUT to retrieve and over

write the working resource. A CHECKI N methodapplied
to a versionedresourcewith the working resourceasargu-

mentcreatesa new revision andusuallydeletegheworking

resource UNCHECKQOUT cancelsa previous CHECKOUT.

initial revision
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Figurel: Typical DeltaV revisiongraph

DeltaVintroducesa powerful methodcalledREPORT which
providesanextensiblemechanisnior obtaininginformation
aboutresourcesln particular a propertyreportcanbe used
to retrieve propertiesfrom a setof resources.While Web-
DAV’'s PROPFI ND operateson resourcesvia the sener’s
namespacehierarchy a propertyreportoperatesn a setof
resourcesistedin a propertyof anothemresource.This en-
ablesa client to retrieve propertiesfrom a setof resources,
suchasfrom all revisions of a versionedresourcewith a
singlerequestThisis trueevenif theresourcesrescattered
overthesener'snamespace.

Beyondcoreversioning DeltaV alsosupportsadwvancedser-
sioningfeaturesncludingthe managementf actiities and
workspacesyersionecollectionsandmeiging of revisions;
however this article only studiesthe coreversioningpart of



theprotocol.

4 Putting RCE and VRCE to thetask
Theprototypeclient/sererimplementatiordescribecherein
usesRCH7], theRevisionContmol Engineasrevisioncontrol
backendon the sener side,andVRCE, the Visual RCE as
thegraphicalfront endontheclientside.

RCE usesa check-in/check-oyparadigmto createrevisions
justlike DeltaV. RCE storesandmanagesnarbitrarynum-
ber of revisionsperfile. It organizesthe revisionsinto an
ancestrabraph,calleda revision graph, andstoresthemin
a file calledan archive It automateghe storing, retrieval,
logging, and identificationof revisions. A revision canbe
labeledto give it additionalnamescalledaliases Thereby
RCE providesselectionmechanism$or composingconfig-
urations.Whenarevisionis checledoutof anarchiveinto a
workingfile for modification,RCEcreateatemplatei.e. an
emptyrevision, asa placeholdeffor the new revision. This
revisionwill befilled whenthework file is checledinto the
archive. This enablesthe userto storedataaboutthe new
revision beforethe work file is checledin. Figure2 shavs
a typical revision graph. RCE works with datafiles of ary
format,including,but not limited to binarydata.It provides
an applicationprogramminginterface (API) that enablest
to beintegratedinto, or calledfrom, ary application.

Legend:
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Figure2: Typical RCErevisiongraph

VRCE is a graphicalfront endfor using RCE. Ratherthan
calling RCE directly, it definesa repositoryinterfacethat
provides a 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 wassuficientto

implementarepositorythatmapsVRCE functionalityto the

DeltaV protocol.

5 Someassembly required

For DeltaV to becomewidely acceptedthe protocol must
be adaptablgo a wide rangeof existing versioningcontrol
systemsaanddocumenmanagementlients. It mustbe sim-
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Figure3: Architecturaloverview of VRCE via DeltaV

ple enoughto allow easyimplementatiorof a DeltaV sener,
even on the basisof a revision control systemwith limited
functionality Ontheotherhand,it mustbecomplex enough
to enableconfiguratiormanagemenrtystemsvith advanced
featuressuchasversionedirectoriesor specialhandlingof
workspaceso offer thesefeaturego clientsin a consistent
mannemwithoutundueeffort. DeltaV addressethis require-
mentby defining core versioningas a setof minimally re-
quiredfunctionalityandadwancedversioningasa setof op-
tional extensiongo thebaseprotocol.

The authors’implementatiorsenesas an exampleof what
difficulties may arisewhenmappingthe functionality of an
existing revision control systemto the modelof DeltaV, and
how to solve suchdifficulties. It turns out, that the func-
tionality of RCE, which sened as back end revision con-
trol system roughly matcheghatof coreversioning.While
both, DeltaV and RCE, use a check-in/check-outmodel,
therearestill somesignificantdifferencesetweertheirver
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 branchef a revision graphare handledequi-
alently RCE's branchingconceptdistinguishesbetweena
main branchandsidebranchesandit providesspecialhan-
dling for so-calleddefault branchesThe branchingissueis
of specialinterestsinceit will alsoapplyto mary otherrevi-
sioncontrolsystemsuchasRCS[11]or ClearCase[pwhen
they aremappedo DeltaV's versioningmodel.

RCE’s conceptof reservinga templateon check-outis use-
ful for storingattributesof a revision thathasbeendeclared
by a check-outoperation but will not be availableuntil the
correspondingheck-in. A check-outunderDeltaV creates
asenersideDAV-enabledvorking resourcewhoseproper
tieswill be savedalongwith therevisionwhenit is checled
in. Working resourcepropertiesnapnaturallyto RCE tem-
plate properties.Thuseachworking resourcecanbe repre-
sentedby a file anda template. The only difficulty is that



caremustto betakenwhentraversingarevisiongraph.RCE
treatstemplategust like ordinaryrevisionsduringtraversal.
The senermustskip all templatesvhenrepresenting revi-
sionhistory OntheotherhandtheVRCE clientcanassume
the existenceof a templatefor eachworking resource.This
canbedoneevenif anotherseneris usedwhoseunderlying
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 becomea new revi-
sion, the sener mustcreatea new templateto representhe
propertieof thenew working resource Similarly, deletinga
working resourcemeangdeletinga templateby applyingan
uncheck-out.Of course DeltaV providesa specialmethod
calledUNCHECKQUT asthe properway to deletea working
resourceratherthanusingthecoreHTTP methodDELETE.

As mentionedabove, branchesn RCE are not all equiva-

lent. However, the specialhandlingfor the trunk or default
branchmay be turnedoff; hencefrom this point of view, it

is not a problemto implementa DeltaV sener on the base
of RCE. The otherway aroundis a little bit more compli-

cated. To implementa client that usesa DeltaV sener as
revision control systemand mimics RCE’s functionality; it

mustprovideadditionalhandlingto distinguishbetweerspe-
cial branchesWebDAV senersshouldsupporthandlingof

arbitrary userdefineddeadproperties. Assumingthat the
DeltaV sener supportsthis featureon revisionsand work-

ing resourcesa client can mark resourcesvith additional
properties.For example,whenever creatinga new working

resourcethe client may adda propertyto represenits own

revision numberingschemeandthusprovide ameango dis-

tinguish, for example,a trunk from other branches. Note,
however, thatusingnon-standar@ropertiecanleadto inter

operabilitybetweerdifferentclientsthat shareaccesgo the
sameresource®f the sameDeltaV sener. Alternatively, a
clientmayevaluatepropertiessuchasthoseholdingthecre-
ationdateandtime of arevision, to decidewhich branchis

theoldestone. Thisassumeshatat eachjunctionwork pro-

ceededn the main branchfirst. This will work unlessone
startsbranchingoff before continuingthe currentbranch.To

summarize a DeltaV client may—within limits—distinguish
betweerbranchesheway RCEdoesby providing additional
handling. The only cleanway to solwe this problemis to in-

troduceoptionalpropertiesnto theadvancedversioningpart
of theDeltaV protocolto markbranches.

What remainsto be examinedis to what extent RCE at-
tributesmatchDeltaV resourceproperties. SomeRCE at-
tributes, suchasthosecontainingthe authorof, or a com-
mentabouta revision, correspondlirectly to resourcerop-
ertiesfor the samepurpose. Other RCE attributes,suchas
thosedescribinghepredecessor/successelationsbetween
revisions,needa morerefinedhandlingto mapto thecorre-
spondingresourceproperties. RCE’s branchingmodel as-
sumesthat at most a single successoof a given revision

on the samebranch;ary further successois marked asa
side branchand storedin an ordered list. Thus RCE dis-
tinguisheshetweermmain branchesandsidebranchesSince
DeltaV doesnotdistinguishbetweerbranchesit modelsthe
successorelationasan unordered setof successorsMap-
ping RCE’s modelto DeltaV’s can easily be doneby just
uniting all successorto a singleset. The oppositemapping
requiresonceagaineitheradditionalhandling,suchaseither
markingbrancheswith client-definedpropertiesor evaluat-
ing additionalpropertiessuchasthe creationdateandtime
of revisions. As mentionedabove, the mappingof the suc-
cessorelationmustalsoconsideithatRCEtemplatesnatch
DeltaV working resources.Similarly, RCE providesan at-
tributeto distinguishbetweeramergepredecess@ndapre-
decessobof the samebranchwhile DeltaV handleshemin

a singleset. Onceagain,additionalhandlingsimilar to that
of the successohandlingcanbe usedto uniquelymapboth
models.

| Resourcaype [[ DeltaV property | 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:predecesseset REV_PREV,
REV_MERGE.FROM
DAV:successeset 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

Table 1: RelationbetweenDeltaV resourcepropertiesand
RCEattributes

RCE supportssomeattributesfor which thereis no corre-
spondingDeltaV resourceproperty As long asthe sener
supportauserdefineddeadpropertiestheseattributescanbe
mappedo suchdeadpropertiesprovidedthattheattributeis
not expectedo affectthe sener’s versioningbehaior. And,
onceagain,using userdefineddeadpropertiesmay impact
interoperabilitybetweendifferent clients. An example of
sucha propertyis RCE's stateattribute. This storeghe state



of arevision andmay have valueslike experimental stable,
or released.

DeltaV also doesnot supportkeyword substitution. If re-
quired,a clientwill have to do the substitutionby itself, for
examplewheneer retrieving aworking resourceor revision
from the sener. It may onceagainuse deadpropertiesto
storeparameterfor the substitutiorprocess.

The issueof accessontrolis still open. RCE supportsac-

cesscontrolattributes,but DeltaV mechanismséor resource
locking andanaccessontrollist extensionto WebDAV are

still underdevelopmentlt is notyetclearhow thiswill bere-

solvedin DeltaV. Thusno reasonablenappingcanbe made
atpresent.

Table1 summarizesomeof the relationsbetweerRCE at-
tributesandDeltaV resourcgroperties.

A moving target

Part of thedifficulty of prototypinga new protocolis theun-
avoidablefactthatoneis shootingata moving target. Since
theacceptancef thisarticlefor publication theDeltaV pro-
tocol hasundegonea majorrestructuring.The currentdraft
12 asof January20, 2001, differs noticeablyfrom the early
04.5draftthatwasusedto build the prototype.

A primegoalof DeltaVis to build a protocolthatis applica-
ble to awide varietyof revision controlanddocumentnan-
agemenapplications.Therearethreemodelsof usethatthe
restructuringaddressesiersionunavareclients,thin clients
with sener managedwork spaces,and thick clients with
client managedvorkspacesThis wasnot very clearin ear
lier versionsof the specification. To improve this situation
andto make simpleimplementationpossiblefor document
managemergystemswith versioningunavareclients,core
versioninghasbeendrasticallyreducedo thebareminimum
of featuresandinsteaddefinesseveral protocoloptionsthat
clientsand seners may, but neednot implement. A client
canaskthe sener for the optionsthat it supportsto know
whatit canusein subsequentequests.Thereis no longer
ary notionof anadwancedversioningsenerthatsupportsall
options becaus@otall optionscombinationgarenecessarily
desirable.For instancea sener that supportshaselinedas
no needfor labels.

As of draft12, coreversioningnow requiressomeextensions
of WebDAV thatdo notdependn versioning.Thesearein-
cludedin DeltaV asappendixbut will likely becomepartof
a future versionof WebDAV. Among these thereis an ex-
tensionto theHTTP OPTI ONS methodthatallows clientsto
explorethe sener’s capabilitiesin a morerefinedway. The
genericmethodREPORT enable<lientsto retrieveinforma-
tion aboutresourcesia parameterizedequests.

Core versioning essentiallyintroducesthe resourcetypes
version-contolled resouce andversion the HTTP method
VERS| ON- CONTROL andadditionalsemanticgor existing
HTTP methods. VERSI ON- CONTROL is usedto turn ary

versionableresourceinto a version-controlledesource. A
version-controlledesourceactsasa proxy to eitherthelast
checled-in versionor checled-outmodifiable copy of the
last version. This andall otherversionsare accessiblevia
stableURLs thatareguaranteedo never change.New ver-
sionsare createdby implicit checkin/checkut via methods
like PUT andPROPPAT CHthatmodify resourcesrresource
properties. There are resourcepropertiesdefinedon ver-
sionsand version-controlledesourceghat enablea client
to implicitly navigatethroughtheassociateaersionhistory;
clientscanalsoretrieve selectedpropertiesrom all versions
of animplicit versionhistoryvia a speciaREPORT method.

The adwancedversioning part of the protocol now cov-
ers mary options that formerly were obligatory parts of
core versioning. In particular even chedwout is explic-
itly an adwanced versioning option, which defines the
CHECKI N'CHECKQUT requestsA versionselectionmech-
anismis providedvia the UPDATE methodof the updateop-
tion. Theversion-historyoptionmakestherevision graphof
aversionedresourcevailablevia a URL. Finally, thelabel
optionletsausergive arevisionaliases.

Draft 12 now makesthe distinctionbetweerclient managed
workspacesndsener managedvorkspaceglearer Client
managedvorkspacesanbeimplementedvith theworking-
resouce options. Sener managedvorkspacesrespecified
by theworkspaceoption.

There are several options of the old adwancedversioning
thatcompletethe setof options. The meige option provides
a meansof recombiningdevelopmentpaths. The baseline
andversion-contolled-collectionoptionsadd configuration
managementapabilitiesto DeltaV. The activity option is
usedto denotea setof versionson a singleline of descent,
possiblyon multiple versionhistories;actiities maybeused
to managechangesetsand branches.The fork-contol op-
tion enablesa clientto controlwhenandwherebranchesn
a versionhistory may occur Finally, the variant option is
providedto helpmanagealternatve versionsof adocument.

Althoughtheseoptionsarenot fully independentrom each
otherin the sensethat someoptionsaffect the behaior of
others,a sener may supportalmostary subsebf theseop-
tions. The only exceptionis that the workspaceoption re-
quirestheversionhistoryoption. In generalthe new organi-
zationis easierto understand.

6 Cracksin thefoundation

While implementingthe DeltaV sener and the client-side
repository several difficulties shoved up. Most of the dif-

ficulties pertainto WebDAV. Resolvingsomeof theseap-
propriatelywould requirechangesot only to DeltaV, but to

WebDAV aswell.

In the Internetcommunity a protocolmustgo througha se-
ries of statesor maturity levels beforeit becomesa stan-
dard, namely ProposedStandad, Draft Standad and, fi-



nally, Standad Protocol The processs describedn detail
in the InternetOfficial Protocol Standads documentvhich
is frequentlyre-issuecasanRFC,e.g.asRFC2400[g. The
standardizatioprocesscanlastfor along time. As the his-
tory of theHTTP protocolshaws, it may spanseveralyears.
Although first practical experienceswith the WWW date
backto 1990,HTTP becamea Proposedstandardthe low-
estmaturity level in the standardizatioprocessnot earlier
thanin 1997, whenHTTP/1.1wasissuedasRFC2068.

The first work on WebDAV is documentedas RFC 2291,
which was issuedin early 1998 as informational RFC. In
early1999,lessthanayearlater, WebDAV alreadybecamea
ProposedstandardRFC 2518). ThoughWebDAV concen-
trateson only afew aspect®f client/sererinteractionsuch
asresourcepropertiescollections locking, andnamespace
operationsthetime frameseemgyuiteshort.Indeedthelist
of openissueson WebDAV[4] hasgrown dramaticallysince
its publicationas Proposedstandard.The quickly growing
numberof implementationghat claim to supportWebDAV
will make it difficult to incorporatemajor changesn future
versionsof the protocol.

Whatthe authorsregretmostaboutWebDAV is thatthe pro-
tocol doesnot usevalid XML, but only well-formed XML.
At the sametime, WebDAV still definesa documenttype
declaration,whose primary use, a readerof the protocol
could expect, is to validate XML documents.Discussions
on the WebDAV working group mailing list[3] cameto the
conclusiorthattheuseof validatingXML seemdo bepossi-
ble with only minor modificationsof the protocol. However,
mostparticipantdid not agreewith the authorsontheneed
of usingvalidatingXML. Indeed,an errorin the document
type definition, aswell asin an XML exampleof the pro-
tocol, hasbeendetectedby partial validation. This clearly
demonstratea benefitof validation. Anotherbenefitis im-
proved interoperability becausdaulty implementationof
senersor clientswill bedetectedsooner Thisdoesnotmean
thatall WebDAV implementationsnustvalidate XML; but
theprotocolshouldbedesignedn suchawaythatanimple-
mentationmayvalidateXML. However, the currentversion
of the WebDAV protocolusesinvalid XML andthusmalkes
compliantvalidationof XML impossible.Theauthors’pro-
totypeimplementatiorusesan XML parserthat checksfor
well-formednes®nly; approximatebut not fully compliant
validationis performedmanuallyon a "besteffort* strategy
within thelimitationsof theprotocol.

7 Conclusion

The authorssucceededn implementinga core versioning
DeltaV sener andclient prototypeas of DeltaV draft 04.5
with the discussedimitations, thus proving the practicabil-
ity of the protocol. This processhasbeenuseful both for
providing inputto the developmentof the protocolandout-
lining problemswith the baseprotocolWebDAV.

WebDAV providesa greatamountof the infrastructurethat

DeltaV is basedupon. Still, it suffers from a tremendous
(andyet growing) amountof known anddocumentedssues.
Someof thesessuesanbe addressefly extendingthe pro-
tocol. Otherissueswill be difficult to changebecausehey
wouldintroduceincompatiblechangeso theprotocol. What
makesthis particularlydifficult is the quickly growing num-
berof commerciaWebDAV implementationsThisis unfor-
tunatebecausdhe changemeededo make the XML used
by the protocolvalid will probablynot be acceptedy the
WebDAV community Thoughvalidationneednot be done
oneverytransactionit providesacorvenientmethodof test-
ing bothimplementationsindthe protocoldefinition. Some
thoughtshouldbe givento methodgor upgradingprotocols,
like requiringsomesortof versionheaderandto how XML
shouldbeusedin IETF protocols.

Thetaskof cleanlymappingthe functionalityof RCEasan
exampleof abranchingmodelversioncontrolsystemurned
out to be reasonable. The DeltaV property report turned
out to be a key featurefor efficient property handlingon

versionedresourcesyhen operatingon mary revisions or

working resources. This capability has becomea DeltaV
suggestedxtensionto WebDAV. Problemssuchasthe or-

deringof branchesganbe solvedby introducingproprietary
resourcepropertiesput this is undesirabldecausét makes
interoperabilitywith otherclientsthatsharehesameDeltaV
sener namespacedifficult. The authorsare active partici-

pantsin the DeltaV working group and are working to re-

solve theseissues. Futureextensionsto WebDAV, like the
ACL specificationmay eliminatethe needfor userdefined
propertiesandthusenhancenteroperabilitybetweerdiffer-

ent clientsthat sharethe sameversioneddataon the same
DeltaV sener.

DeltaVis asensibleandpracticalextensiornto WebDAV. The

main difficulty in designingandtestingthe protocolis the

wide variety of versionsystemghat needto be supported.
It remainsto be seenwhetheror not the protocolis signifi-

cantlywell describedsothata separatel\developedclients
andsenerwill work together

8 Futurework

The currentprototypeis limited to core versioningof draft

04.5. DeltaV providesa numberof interestingfeaturesfor

advancedversioningwhichthis studydoesnotconsider The

latestdraft hasalso changedthe conceptuabasisfor core
versioningto a minimal systemsuitablefor documenman-
agementystems. Everything else hasbeenmoved to op-

tions. More investigationis neededo examinethe practica-
bility of DeltaV's optionsand their interaction. Efficiency

problemsof the very early prototypecurrentlyrevealweak-
nessesn its designand implementatiorratherthan weak-
nessesftheprotocol.Morework ontheprototypeis needed
to provide a betterinsightinto the efficiency and effective-

nessof DeltaV. The ultimatetestwill be to testthis client

andsener againstsomeoneelses sener andclient respec-
tively.
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