How to implement Web-basedGroupware Systems
basedon WebDAV *

Fred)Dridi, GustafNeumann
InformationSystemsandSoftwareTechniques

University of EssenUniversitatsstra3®, D-45141EssenGermary

{Fred].Dridi,Gustaf.Neumag@uni-essen.de

Abstract

TheprotocolWebDAV (World Wide Web Distributed Au-
thoring and \ersioning) is an extensionof HTTP/1.1and
definesrew methoddor supportingcollaborativework (pri-
marily asyndronouscollaborative authoring) on the Weh
Thenew WebDAV methodprovidea goodbasisfor building
Web-basedtollaborative applications. In order to usethe
new WebDAV functionality a client applicationmusthave
directaccesdo the protocol methodsand mustbe able to
passcertainparametes providedby theuser CommonAgb
browses provide only limited supportfor accessindHTTP
methodsaindno supportfor accessindneadeffieldsdirectly

This paper presentsa genericappmoad for implement-
ing WebDAV-basedapplicationsby extendingHTML forms
to providedirectaccesgo the protocolmethodgHTTPand
WebDAV methodshandthe headerfieldsfromwithin a Web
browser Thisapproad is usedto developa simplecollab-
orative projectrepositorybasedon WebDAV.

1. Intr oduction

In general,the World Wide Web hasa high potential
asa platform for distributed groupware systems. Authors
createandchangedocumentdocally anduploadthemto a
Web sener, wherethey canbe accessetly their collabora-
tors. However, Web browsersandsenerswhichimplement
the protocol HTTP are mostly limited to provide reading
accesdo Web documents.For this reason existing Web-
basedgroupwaresystemge.g.the BSCW system)areim-
plementedusing client/serer side scripting. Thesescripts
areusedto implementthe basicoperationseededor this
kind of applications.

The protocol WebDAV (World Wide Web Distributed
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Authoring andVersioning)which wasdevelopedasan ex-
tensionof HTTP/1.1 by the WebDAV working group of
the Internet EngineeringTask Force (IETF) and defines
new methodsvhich offer additionalservicedor editingand
managingfiles on remoteWeb senersin a structuredway
(e.g.locking, versionmanagementnetadatananagement,
etc.). WhenusingWebDAV, the Webis becomingarich in-
frastructurefor collaboratve applicationswherethe Web-
DAV methodscan be usedto implementthe basicopera-
tions needede.g.copy, delete,upload,assignmetadatao
documentsetc.). Scriptingcanbe usedin this context as
well, but notfor implementinghe basictasksof collabora-
tion, but to simplify maintenancef theapplication.

Thepapers structuredasfollows: In Section2 weintro-
ducethefunctionality of WebDAV. In Section3, we briefly
summarizaelatedwork in the areaof implementingWeb-
basedyroupvaresystemsandwe give ashortdescriptiorof
two systemsBSCW andDReSS Furthermorewe present
the advantageof usingWebDAV for thesekind of appli-
cations. Section4 identifiesthe requirementf a Web
browseruserinterfaceto usetheprotocolWebDAV andde-
finesthe implementedextensionswithin the Web browser
“Cineast”. Sections describes simplecollaboratve appli-
cationusingboththe WebDAV-compliantWebbrowserand
Web sener (e.g.the ApacheWeb sener extendedwith the
modulenod_dav which implementsthe WebDAV sener
side). This applicationis roughlycomparablevith the core
functionality of the BSCW systemand supportsa project
repositorywithin an organizationwherethe userswantto
shareproject relateddocumentsand folders. Somefea-
turesof BSCW (e.g. useradministration,group manage-
ment, awvarenessnformation) are not yet implementedn
our projectrepository Section6 offersconcludingremarks
anda brief descriptiorof futurework.



2. ExtendedHTTP: WebDAV

WebDAV (World Wide Web Distributed Authoring and
Versioning)[9] is a conserative extensionof the protocol
HTTP/1.1[5] and offers additional serviceswhich allow
usersto updatefiles safely on remoteWeb seners. Web-
DAV provides a standardinfrastructurefor asynchronous
collaboratve authoringacrossthe Internetin orderto turn
theWebinto acollaboratve ernvironment.Thecorefeatures
of WebDAV are[23, 9]:

e MetadatananagementMetadata(Propertiesdenote
theinformationassociatedith Webresourcessuchas
thetitle, creator etc. A propertyis a name/aluepair,
wherethenameis a URL, andthe valueis a sequence
of well-formedXML elementg$3]. Theprotocoloffers
the ability to create remove, andquery propertiesby
usingthe nev method$PROPPATCH andPROPFI ND.

¢ NamespacemanagementWebDAV definestwo new
methodsCOPY andMOVE to instructthesenerto copy,
move, or deleteWebresourcesDeletinga resourcés
alreadyprovidedin the HTTP/1.1specification.

e Collections.The baseWebDAV protocolprovidesba-
sic supportfor collections. A collectionis like a di-
rectoryin afile system.WebDAV definesthe MKCCL
methodfor creatingcollectionsandspecifiehow other
HTTPandWebDAV methodsnteractwith collections.

e Overwrite prevention. The WebDAV extensionsto
HTTP providelockingmechanisms orderto prevent
resourcanodificationsby otherapplicationg"“lost up-
date” problem). The protocol definesthereforetwo
new methods1 OCK andUNLOCK.

e \ersion management.This componentsupportsthe
storageandthe managemerdf documentevisionsfor
laterretrieval [10].

e AccessControl. Sinceresourcegmay be accessible
by multiple applications,an accessontrol systemis
neededo control how theseapplicationscan access
and alter a resource. This systemdefinesthe access
rights of a given authenticateépplicationon a given
resource[14]. For authenticatiorpurposesall Web-
DAV applicationshouldsupportheHTTP DigestAu-
thenticationschemd7].

WebDAV extendsHTTP/1.1by new methodsthat require
certainparametersin HTTP/1.1the parametergor meth-
odsareexclusively encodedn theHTTP headefields. Un-
like HTTP/1.1,someWebDAV methodparametersreen-
codedas XML [3] requestbodies. Theseparametersare
mostly applicationspecificand must be provided by the
user Therefore,the useof WebDAV requireseither new
Web clientsor extensionsof existing Web brawserswhich
supportheadditionalfunctionality. In thispapemve present

an extensionof an existing Web browserto demonstrate
how to useWebDAV within a Web browser

3. Web-basedGroupware Systems

A Web-basedyroupware systemis an applicationthat
allows several userslocatedon different Web sitesto co-
operateand producedocumentsn a structuredway. This
sectiongivesa shortdescriptionof two Web-basedjroup-
ware systemsandmotivatesthe useof the extendedHTTP
protocol(WebDAV) in this context.

The two mostimportantpurely Web-basedyroupware
systemaretheBSCW|[2] andtheDReSJ1] systems:

e The BSCW System(Basic Supportfor Cooperatre
Work) providesbasicfunctionality for groupcoopera-
tion andusegheWebasits communicationnfrastruc-
ture. The BSCW systemis basedon the metaphorof
a “sharedworkspace”. The systemprovidesan easy-
to-useWeb interfacebasedon HTML and supports,
for example,uploadingof varioustypesof objectsto a
sharedworkspace.The informationsharingfunction-
ality is enhanceavith basicfacilitiesfor visualization
of changesauthenticationauthorizationandversion
control. TheBSCWsystemis implementedisingaset
of CGl scriptsanda setof clientsidescripts.

¢ DReSS(DocumentRepositoryService Station), is a
systemto enableauthorsto deposit(andupdate)doc-
umentson a Web sener. DReSS(version2.0)is im-
plementediia clientsidescriptsandsener CGl scripts
written in Java. DReSSsupportssingleand multi file
uploadby usingtheform-basedile uploadprotocolas
definedin RFC1867[15].

Tablel summarizeshebasicfunctionalityof theBSCW
DReSS$and the WebDAV-basedProject Repositoryintro-
ducedin this paper

As mentionedn [23], the intentionbehindWebDAV is
to changehe Webinto a collaboratve medium,andto pro-
vide a commoninterfaceto mary typesof repositoriesn
orderto changgheWebinto theanalogouso alarge-grain,
networkedfile systemsThenev WebDAV methodsusedto
accessandprovide informationon the Web canbe usedin
a meaningfulmannerto build Web-basedaollaboratve ap-
plications.Thesemethodsffer thebasicsupportfor all op-
erationsneededy a Web-basedjroupwaresystem.There-
fore, thereis no needfor large/comple& sener and client
sidescripting.Scriptingis justneededo simplify theusage
ratherthanto implementbasicgroupwareoperations.

Theclientsideimplementatiorof WebDAV describedn
this paperprovidesaccesgo the core WebDAV featuresn
a genericway andis basedon an extensionof an existing
Web browser (seeSection4). Thereare WebDAV clients
which are either specializedWeb client applications(e.g.
Sitecopy [18]), or do provide limited accesgo WebDAV



BSCwW

DReS2.0 WebDAV-based

ProjectRepository

File upload RFC 1867 and/or special client side

“helper” application

RFC1867 PUT

Authentication and Access
Contol

Sener dependent authentication +
BSCW specific group-basedauthoriza-

Senerdependent

HTTP DigestAuthenticatior{7] or Web-
DAV ACL protocol[13]

tion [20]
\ersionControl BSCWspecific - WebDAV Versioning[10]
MetadataManagement BSCWspecific - PROPFINDandPROPRATCH

Implementation CGl + optionalJava scripting

CGil scripting+ clientsidehelperapp.

via protocolmethods

Table 1. Comparison of Web-based Groupware Systems

featureqe.g.InternetExplorer5) comparedo thefunction-
ality presentedhere.

4. Integrating WebDAV into a Web Browser

In this sectionwe discusshow to extenda Web browser
in a genericway in orderto accesgrotocol methods(e.g
WebDAV methods)We identify, which kind of interaction
with the userat the protocol level is neededto initiate a
protocolrequest.Finally, we proposeaxtensiondo HTML
formsto improve this kind of interactionbetweerthe user
andaWebbrowser

Theseaxtensionsareimplementedn the extensibleWeb
browser“Cineast”[12] which is a freely available, exten-
sible Web browser It providesan ernvironmentfor proto-
typing new client side (and sener side) Internettechnolo-
gies. The browseris implementedn the Wafe [16] ervi-
ronmentwhich includessupportfor several libraries like
OSF/Motif, XOTcl [17], SSLeay[25], LDAP [24], etc. The
Cineasuserinterfaceis implementedisingOSF/Motifand
the Kino widget[11] for HTML (and XML) parsingand
rendering.Theapplicationogic andthegenerahetworking
functionality(HTTP/1.1,FTR etc.) areimplementedusing
the object-orientedscriptinglanguageXOTcl, which is an
extensionof OTcl [22] containinglanguagesupportfor dy-
namicaggreations perobjectmixins, anddesignpatterns.
Cineastashuilt-in supportfor HTML forms.

4.1 Requirementsfor a Web Browser User Inter -
facefor WebDAV

Web browsersare primary designedo retrieve Web re-
sourcesrather than provide direct accessto the protocol
methods.As mentionedabove a WebDAV requestequires
a setof parametersvhich shouldbe submittedin form of
requestheaderfields and/orrequestbodies. The input of
all needegarametersannotbecompletelyautomatecnd
requiresuserinput. For example,to copy a Webresource,
the usershouldprovide at leastthe destinationURI andan
overwriteflag which indicateswhetherthe sourceresource

shouldoverwrite the destinatiorresource Generally three
typesof userinputareneededo initiate a protocolrequest:
e RequestRI. A requestURI identifiesthe locationof
theresourceaddressedly a protocolmethod.

e Requestheader In additionto the headerfields de-
finedin the protocolHTTP [5], WebDAV definesnen
headerfields which are necessaryo store somepa-
rametersmeedediy a method(e.g.destinatiorfor the
COPY method).

e Requesbody SomeWebDAV methodseedarequest
body which is always a well formed XML element
[9]. A requesbodyis usedto storesomeparameters
neededy a method(e.g.nameof propertiego bere-
trievedby the PROPFI ND method).
The Web browseruserinterfaceprovidesan input field
for typingtherequestJRI, but providesno meansof speci-
fying the othertwo parametetypes.

4.2 AccessingWebDAV Methods within a Web
Browservia Forms

Generally a protocolmethodaddresses: target object
(Web resource)and requiresparameteravhich are proto-
col specificor applicationspecific(seeFigure1). From

Parameters
AN

I 1
protocol specific application specific

Target Object  :
O<—Method [Py P, -+ Pi||Pyy = P,

Destination
\

Request URI Request Header Fields Application (CGl)

or Body Entity

Figure 1. Protocol
Method, Parameters

Request: Target Object,

the Web browserpoint of view, while creatingthe protocol
requestthe target objectis the requestURI, the valuesof



the protocol specificparametersare passedn form of re-
guestheadeffieldsor in therequesentity body. Thevalues
of the applicationspecificparametersrenot necessaryor
startingthe protocol requestand are passedo the sener
side applicationin a predefinedway (e.g. URL-encoded).
The focusof this paperis on the protocol specificparam-
etersandhow to obtainthemfrom the user Traditionally,
userinputsin form of freely specifiedvaluesarehandledoy
HTML fill-out formsthathave a strictly predefinedseman-
tic asdefinedin [19]. TheHTML form definitionis limited
to only two HTTP methodqGET andPOST)anddoesnot
provide ary meansof using selectedform input fields as
methodparameters.

Extending the FORM element

The HTML specification19] allows to specifythe HTTP
methodvia theattributerret hod of aFORMelementput is
restrictedo thetwo valuesGET andPOST In addition,the
attributeact i on mayspecifyasenerside“form process-
ing agent"thatimplementgheactionof theform, typically
via CGl. However, this capabilityis limited becaus¢heuser
agent(Web browser)forwardsall form datato aprocessing
agentand HTML forms do not provide a way to tell the
useragentthe destination(protocol or application)of the
userinput. For example a useragentshouldbeableto take
into accountthe protocolspecificinput datawhile creating
a protocol request(e.g. WebDAV request). For this pur-
posethis paperproposeghreeextensionsgo HTML forms
to overcomethesdimitations:

e Extendthe definition of the attribute act i on of the
FORMtag to specifythe target object (Web resource)
addresseby the protocolmethod.

action = uri

e Extend the valuesof the attribute net hod of the
FORMtagwith all methodsof WebDAV.

met hod = get | post | put | delete |
nkcol | propfind | proppatch | copy |
nove | |ock | unl ock

e Add a new attribute (usage) to the | NPUT andthe
TEXTAREA tag. This attribute canbe usedby the user
agentto specify the destination(protocol or applica-
tion) of theuserinput (seeFigurel).

usage = target| nmethod| header| body| application

The contentof the | NPUT or TEXTAREA tagis used
differently dependingon the value of the usage at-
tribute:

— target: the contentis usedas the target ob-
jectandreplaceshetargetobjectspecifiecby the
act i on attribute of the FORMelement.

— net hod: the content denotesthe protocol
methodandreplaceshe methodspecifiedby the
met hod attribute of the FORMelement.

— header : the contentis includedin the header
fieldsof theprotocolrequest.

— body: thecontentis includedin the entity body
of the protocolrequest.

— application: the contentis passedto the
sener sideapplication.

<FORM method="PUT" action="http://www.host.org/...">

Docianent:

Select ...

Add Document. L <INPUT type="file" usage="body" ...>
A <INPUT type="submit" value="Add Document" ...>

</FORM>

Figure 2. An HTML FORMfor a PUT Request

Figure 2 depicts an HTML form to specify an
HTTP/WebDAV PUT requestin orderto uploada single
file by usingthe input type fi | e definedin RFC 1867
[15]. WhenthesubmitbuttonAdd Docunent is pressed,
theuseragentcreateanHTTP PUT requestsindicatedin
theattributenmet hod andpasseshecontentof theselected
file in therequestbody (usage="body"). The attribute
act i on indicateghelocation(target)whereto putthenewv
resourceNote, thatalthoughthe PUT methodis a standard
HTTP/1.0method,the commonlyusedWeb browserspro-
vide no standardneando addresshis method.

Figure 3 shavs an HTML form to askthe userfor the
neededparameterdor a WebDAV COPY request. This
form consistsof three text | NPUT tags, a TEXTAREA
tag, and a submit button. The value of the first input
field is consideredto be the location of the sourcere-
source(usage="r esour ce"). Furthermorethis value
is treatedby the user agentas a new value of the at-
tributeact i on. The valuesof the secondandthird input
fields are designatedo be the valuesof the headefrfields
destinati on andoverwite of the COPY request
(usage="header"). Otherrequestheaderfields could
besuppliedn thesameway. Thevalueof themulti-line text
inputshouldbeanXML elemen{9] andis designatedio be
includedin the COPYrequesbody(usage="body").

Finally, whenthe submitbutton“Copy Docunent ” is
pressedthe useragentcreatesa WebDAV COPY request
with the givenheadefieldsandthe bodydata:

COPY /repository/P1l/index. html HTTP/ 1.1

Host: | ocal host

Destination: http://host/repository/P2/index.htm
Overwrite: T



<FORM method="COPY" action=".,">

v

: https/ host/repository P14 indes, hitml
<INPUT type="text" usage="target" ...>
tion: | httpsdrhost/repository P2 index, html |
<| name="Destination" type="text" usage="header" ...>
L INPUT "Destinati t text head
Overwrite: 7 «<INPUT name="Overwrite" type="text' usage="header" ...>
Properyybehavior
XML -element:

Copy Document L <TEXTAREA usage="body" ...> ... </TEXTAREA>
W__<INPUT type="submit" value="Copy Document" ...>

</FORM>

Figure 3. An HTML Form for a COPY Request

5. Application: WebDAV-basedProject Repos-
itory

In this section we describea simple(lightweight) Web-
basedcollaboratie application,where(hypermediagdocu-
mentscanbe sharedcollaboratiely in a controlledway in
a projectrepository This applicationdemonstratehow to
useWebDAV toimplementaWeb-basedroupwaresystem.
For demonstrationpurposesyve have keptthis application
deliberatelysmallaswell asextensible.

Cineast-1 1.6 WebDAV-based Project Repository M=l E3
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Figure 4. Client View of the Project Repositor y

As aWebDAV-compliantWebbrowserwe usedthe Web
browser“Cineast”[12] (seeFigure4). On the sener side
we usedthe ApacheWebsener[6] in combinatiorwith the

nod_dav module[21] which implementsWebDAV. Op-
tionally, we usethe cryptographicsupportfrom the toolkit
SSLeay [25], to establisha securecommunicatiorvia SSL
[8] betweerthe senerandclients.

5.1 Functionality and Structure

The projectrepositoryoffers uploadingand sharingof
documentsamong varying groups of authors. It is in-
stalledin the persistentstorageof a WebDAV-compliant
Websener (e.g.Apache)andconsistof setsof folders(di-
rectories). Eachfolder is a containerof topic-related(hy-
permediadocumentgfiles). We distinguishbetweerthree
levels of operationwhich canbe performedon the project
repositoryandtheassociatednetadataet(seeFigureb).

Project Repository

<] Repository level

Add a folder
Get repository information (metada)

<] Folder level

Add a document

Delete folder

Get folder information (metada)
<J Document level

Sign document (apply digital signature)
Verify document (verify the digital signature)
Delete/Copy/Update document

Get document information (metada)

Doc,, Doc, Doc_, Doc

Figure 5. Functionality and Structure of the
WebDAV-based Project Repositor y

Oneimportantnew functionality of WebDAV is to as-
sign metadatdao Web documents Metadataare additional
information(e.g.creatorname lastmodifieddate,security
information,etc.) aboutWeb documents.The usersof the
project repositoryare able to define and query metadata
aboutthe repositoryitself, the folders,and the documents
usingthe WebDAV methodswhich areaccessiblérom the
browservia HTML forms(seeSectiord). For aflexible and
scalablemetadatananagementt is recommendetb store
metadatan anLDAP-enabledlirectory[24].

5.2 Implementation

The project repositoryis viewed and accessedy the
Web browser(seeFigure4). The functionality (seeFigure
5) is accesseftom the Web browser(Cineast)for example
by pushbuttonsandis implementedusingWebDAV meth-
ods.As explainedin Sectiord.2, WebDAV methodscanbe
accessedvithin a Web browservia HTML forms. When
a userpresses push button on the repositorypage(e.g.
Coyy file) anHTML form for the correspondingVebDAV
methodwith appropriatedefault valuesis displayed.In or-
derto automatethe creationof theseHTML forms sener
(or client) sidescriptingcanbeused.



Signinga documenbr verifying the digital signatureof
adocumentannotdirectly be mappedo WebDAV meth-
ods. This canbe achiezed by combiningsomeWebDAV
methods. For example,to sign a documentwe could first
retrieve (GET), sign (using a local cryptographidibrary),
andupload(PUT) thedocumenbackto the Websener.

TheCineasWebbrowserimplementdHTTP/1.1andhas
built-in supporfor HTML forms. Theeffort takento extend
the original Cineastbrowserwith the featuresdescribedn
this paper(new WebDAV methodsandHTML form exten-
sions)is minimal. We have addedabout40 lines XOTcl
[17] codein oderto implementthe nev WebDAV methods
andabout70 linesfor the HTML form extensionsdefined
in Sectiord.2.

6. Conclusion

In this paperwe have focusedon how to defineandim-
plementa Web-basedjroupwaresystemusingthe standard
protocolWebDAV (World Wide WebDistributedAuthoring
andVersioning).This protocoloffersabasicsetof methods
which canbe usedto implementa Web-basedyroupware
systemin a structuredway. One of the advantagesvhen
using WebDAV is thatthereis no needfor large/comple
sener andclient sidescripting. Scriptingis just neededo
simplify the usageratherthanto implementgroupwareba-
sicoperationsin orderto accessVebDAV methodswithin
aWebbrowser we have definedandimplementedhgeneric
approachwhere HTML forms are extended. Finally, we
have presenteé simplecollaboratve applicationasa proof
of concept. The WebDAV-basedprojectrepositoryestab-
lishesa goodbasisfor exploring mary interestingguestions
in the areasof accesscontrol and versioningin a collab-
orative ervironment. The implementationshovn offers a
uniquetest-bedor theseemegingtechnologies.

The future work will focus on the integration of ver
sion managemenand accesscontrol aspects. The Web-
DAV groupis working on defining nev protocolmethods
concerningtheseaspectq10, 13, 14]. Furthermore,we
areplanningto designa“securitymanagementtomponent
in orderto administratea large numberof comple« hyper
linked documents/metadatada large numberof collabo-
ratorswith differentiatedsecurityrequirement$4].

References

[1] A. Aerts, P. D. Bra, and M. Timmermans. DReSS2.0:
Lightweightgroupwarefor hypertet publishingontheweh
In Proceedingsof WebNet98 — World Confeenceof the
WWW Internet & Intranet volume 1, Orlando, Florida,

November1998.
[2] R. Bentley, W. Appelt, U. Busbach,E. Hinrichs, D. Kerr,

K. Sikkel, J. Trevor, andG. Woetzel Basicsupportor coop-
erative work on theworld wide weh InternationalJournal

of HumanComputerStudies:Specialissueon Novel Appli-
cationsof the WWW Spring1997.

[3] T. Bray, J. Paoli, and C. M. Sperbeg-McQueen. Ex-
tensible markup language (XML) 1.0. Wbrld Wde
Web Consortium Recommendation February 1998.
http://w3c.og/TR/1998/REC-xmI-19980210.

[4] F Dridi andG. Neumann.Towardsaccesgontrolfor logi-
cal documentstructure.In Proc. of the Ninth International
Workshop of Databaseand Expert SystemsApplications
pages322-327 Vienna,Austria,August1998.

[5] R.Fielding,J.Gettys,J.Mogul, H. Nielsen,andT. Berners-
Lee. Hypertet transferprotocol- HTTP/1.1. RFC 2068,
Standads Tradk, Januaryl997.

[6] R. Fielding and G. Kaiser The Apache HTTP Sener
Project.IEEE InternetComputing 1(4):88-90,July/August
1997. http://www.apache.ay.

[7] J. Franks,P. Hallam-Baler, J. Hostetler P. Leach,A. Lu-
otonen,E. Sink, andL. Stevart. An extensionto HTTP:
DigestAccessAuthentication RFC 2069, Standads Track,
Januaryl997.

[8] A. Freier P. Karlton,andP. Kocher The SSL protocolver-
sion3.0. Netscapel996. http://netscape.com/eng/ssl|3/.

[9] Y. Goland,E. WhiteheadA. Faizi, S. Carter andD. Jensen.
HTTP extensionsfor distributed authoring— WEBDAV.
RFC2518,Standads Tradck, February1999.

[10] C. Kaler, J. Amsden,G. Clemm, B. Cragun,D. Durand,
B. Segeant,and E. Whitehead. Versioningextensionsto
WebDAV. IETF InternetDraft, Januaryl999.

[11] E.KoppenandG. Neumann.Implement,Gustaf! the Kino
XML/CSS processor In 8th World Wde Web Confeence
PosterSessionToronto,April 1999.

[12] E. Kdppen,S. Nusser and G. Neumann. Cineast— An
extensible Web browvser In Proceedingsof the WebNet
World Confeenceon WWW Internetand Intranet Novem-
ber1997.

[13] P. LeachandY. Goland. WebDAV ACL protocol. Internet
Draft, November1997.

[14] L. Lippert. WebDAV accessontrol goals. IETF Internet
Draft, August1998.

[15] E.NebelandL. Masinter Form-basedile uploadin HTML.
RFC1867 Novemberl1995.

[16] G. Neumannand S. Nusser Wafe — An X toolkit based
frontendfor applicationprogramsin variousprogramming
languagesin Proceeding®fthe USENIXWnter 1993Con-
ference SanDiego, California,Januaryl993.

[17] G. NeumannandU. Zdun. Filters as a languagesupport
for designpatternsin object-orientedscripting languages.
In Proceedingof COOTS ‘99, 5th Confeenceon Object-
OrientedTechnolgyiesand SystemsSanDiego, May 1999.

[18] J.Orton. Sitecoly. Web page,1999. http://wwwlyra.og/
sitecopy/.

[19] D. RaggettA. L. Hors,andl. JacobsHTML 4.0specifica-
tion. World Wide Web ConsortiumRecommendatiorpril
1998. http://w3c.og/TR/REC-html40/.

[20] K. Sikkel. A group-baseduthorizationmodel for coop-
eratve systems. In ProceedingsEuropeanConfeenceon
ComputerSupportedCoopeative Work (ECSCW’97)Lan-
casterSeptembel997.



[21] G. Stein.mod.dav: A DAV modulefor Apache.Webpage,
1999. http://mwwwebda.org/mod.dav/.

[22] D. WetherallandC. Lindblad. ExtendingTcl for dynamic
object-orientegprogramming.In Proceeding®f the Tcl/Tk
Workshop95, Toronto,Ontario,July 1995.

[23] E. Whiteheadand M. Wiggins. WebDAV: IETF standard
for collaboratve authoringontheweh IEEE InternetCom-
puting: Softwaee Engineringoverthelnternet 2(5):34-40,
SeptembeOctoberl998.

[24] W. Yoeng, T. Howes,andS. Kille. Lightweight directory
accesgprotocol. RFC1777,Standads Track, March 1995.

[25] E. Young and T. Hudson. SSLeay Web page, 1999.
http://wwwssleayorg/.



