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Theattendeesof the workshop“ Web Infrastructurefor
Collaborative Applications” tried to developa joint opin-
ion how the Web and its infrastructure shoulddevelop to
becomea productiveenvironmentfor collaborative appli-
cations. This papersketchesthe different approachespre-
sentedin the workshopand summarizesthe consolidated
resultsof thediscussions.

1 Intr oduction

Theworkshop“WebInfrastructurefor CollaborativeAp-
plications” at WETICE’96 brought together37 attendees
from academiaandindustry. 14 selectedpaperswerepre-
sentedin thesessionsnamed“CaseStudies” , “Tools,Meth-
ods,Techniques” , “Application Requirements” , and“Col-
laborativeEngineering” . A final discussionsessionandthe
collaborativeeffort of all participantsto produceasummary
of theworkshopresultsfinishedthesessions.

Thecall for papersfocusedon thefollowing mainques-
tion: “Canthe Web serve asan infrastructurefor both de-
velopingandimplementingbusinessapplicationsin apossi-
bly global,distributed,andcollaborative businessenviron-
ment?” Thismaintopicwasbrokendown into threetopics:

1. Whataretherequirementsimposedby theapplication
area,whathasto besupported?

2. What are the requirementsfrom the implementation
pointof view, whattoolsandmethodsareneeded?

3. Which are the infra-structuralconsequencesof the
identifiedrequirements,what do we needin the basic
environment?
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During the discussionsamong the participants three
interest-groupsdeveloped: the “analyze-problem-task!”
group, the “use-tools!” group, and the “develop-
technology!” group. The discussionsin the workshop
demonstratedclearlythatit is bothdifficult andnecessaryto
integratethesepointsof view to obtainanswersto theques-
tionsmentionedabove. Someof the answersadvocatedin
thejoint discussionsaredocumentedbelow.

2 CollaborativeApplications Requirements

The World Wide Web providesthe mostglobally avail-
ableandacceptedenvironmentfor accessingdistributedin-
formationsources.This makesit theleadingcontenderfor
theintegrationof existing andfuturebusinessapplications.
It wassuggestedthattheprimarysuccessfactorsfor theac-
ceptanceof theWebare
� its platformindependence,

� theuseof theInternet,and

� its easyto usehypertext-basedinterface.

Thedevelopmentof thebasicWebconceptsfollowedarela-
tively generalvision of “What is wanted?” anda relatively
precisenotion of “What is technologicallypossible?” . A
rigid analysisof generalapplicationrequirementshas to
precedeany discussionor evaluationof theusabilityof the
Web asan infrastructurefor developingandimplementing
collaborativeapplication.In thefollowing sectionelements
of suchan analysisareprovided in this andthe following
section. The stepof relating theserequirementsto recent
andfutureWeb conceptsis discussedin thesections4 and
5.
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Collaborationitself mayserve asanexamplefor anun-
preciselydefinedterm. Accordingto the Webster’s dictio-
nary, to collaboratehasthefollowing meanings:



1. to work jointly with othersor togetheresp.in anintel-
lectualendeavor,

2. to cooperatewith or willingly assistanenemyof one’s
countryandesp.anoccupying force,

3. to cooperatewith an agency or instrumentalitywith
whichoneis not immediatelyconnected.

If thefirst definitionis adopted,thereis still enoughroomto
interpret:whatdoesit meanto “work jointly together” ex-
actly? What is thenotionof vicinity in time,space,aware-
ness,or, moregeneral,what context is requiredto qualify
anactof exchangingmatter, energy, or information(interac-
tion) ascollaborative?Clearly, somecoordinationof thein-
teractionof theparticipantsin thecollaborationis required,
andthis in turn requiresthe useof communication.In ad-
dition thereis an implicit necessityof matchingindividual
goalsto allow theemergenceof collaborationin anapplica-
tion context.
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Proponentsof the “analyze-problem-task!” groupcon-
centratedon the problemhow complex problemtaskscan
be decomposedand managedin a collaborative environ-
ment.

Theoverall objective of a collaborativeapplicationis to
solve a problemwhereseveral agentshave to collaborate.
Examplesfor suchapplicationsare: asynchronousdesign
by engineers,joint work on reports,projectmanagement,
etc. Every effort to supportcollaborative applicationscan
bepositionedataspecificlocationin thelayersof Figure1.

Collaborationcanbe direct or indirect. Genericforms
of direct collaborationaremeetings,working groups,syn-
chronousandasynchronouswork patterns,delegationetc.
Indirectcollaborationoccurswhenresultsof otherscanbe
reusedwithoutexplicit coordinationwith theoriginalprob-
lemsolver.

Coordinationis necessaryto performa directly collabo-
rative task. It requirestheuseof communicationandplan-
ning. Coordinationstructurescanbeinfluencedby theprob-
lem requirements,organizationalstructure,environmental
constraints,policies,andhumanpreferences.Coordination
can be achieved by directives, discourse,market mecha-
nisms,votingetc.

Along thedimensionof communication,severalcommu-
nicationpatternscanbe observed. Theseincludepeer-to-
peer, multicast,etc. We have not specifiedthe natureof
the collaboratingentities. Both humanandcomputational
agentscanbe participantsin a collaborationandour tech-
nologicalchoicesmustsupportthemboth.
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Figure 1. Infrastructural Requirements of Col-
laborative Applications
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Proponentsof the “use-tools!” groupview an applica-
tion asa setof toolsproviding thefunctionalityof thevari-
ousapplicationaspects.Wecandistinguishapplicationspe-
cific toolsfrom generictools.Applicationspecifictoolsare
developedfor a single applicationsuchas for interacting
with specialdeviceslike laboratoryequipment.

Generic tools are developedfor solving commonand
genericapplicationsaspects.Examplesarechatandediting
facilities,white-boards,audio-andvideoconferencing,ob-
jectrequestbrokers,interfacerepositories,namingservices,
etc.

An applicationprogramis acollectionof genericor spe-
cific tools which are integratedto solve the problemtask.
TheWebmayprovideanenvironmentin which sucha col-
lectionof toolscanbe integratedinto anapplicationwhich
is easilyaccessible,simpleto use,andexpandablewith re-
spectto new mediatypesandtools.
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Proponentsof the “develop-technology!” camp ana-
lyzedtherequirementsof collaborativeapplicationsfrom a
technologicalpoint of view. Collaborative applicationpro-
gramsshould:



� Support differ ent domainsof trust. Usersandappli-
cationsimposethe needfor differentiateddomainsof
trust. Workspacesof variousforms rangingfrom pri-
vateover group-wiseto public have to be supported.
Theirpropertieshave to beadjustableby users.

� Account for userscapabilities. Applicationsshould
take technicalfactorsof thesystemandpersonalabil-
ities of the user into account. Examplesfor techni-
cal factorson theWebaretheavailablenetwork band-
width andtheavailableinteractiontechnology. An ad-
justmentof form and contentshouldbe possibleac-
cordingto theenvironmentof theusersandtheircapa-
bilities.

� Speak the language of the applications domain.
Any applicationshould “speak” the languageof the
applicationdomain,not that of the underlyingimple-
mentation. This supportscollaborationamongtools
and allows applicationsto be adjustedfor users,as
mentionedabove. Thus, functionality shouldbe ex-
pressedin terms of the applicationsdomain, not in
“tech-speak”.

3 Development Tools, Methods and Models
for CollaborativeApplications

The call for papersidentifiedseveral key issuesin col-
laborative Web baseddevelopment,such as development
of businessapplications,componentbaseddevelopmentof
complex applications,coordinationandintegrationaspects.
The paperspresentedat the workshopaddressedmany of
theseissues,andproposedsolutionsfor complex problem
solving,modulardesigntools,andcoordinationtechnology.
Onedesigntool waspresentedthatallowedto modeltheac-
cessstructuresand- upto acertaindegree- thepresentation
of Websites.

In thediscussionsduringandafter thepresentationses-
sionsseveral problemanddeficiency areasconcerningthe
basicmechanismsavailablein theWebwereidentified.In
thefinal discussionsessionthefollowing concreteproblem
areaswereidentifiedasimportantespeciallyfor collabora-
tiveapplicationson theWeb:

Area Problem

Time Low level of support for syn-
chronouscollaboration

Location No virtual URL or replication
mechanismexists

Technology Extensionslackingin robustness
Models Needfor a generalframework that

includesprocessmodels,develop-
mentmodels,domainmodels,test-
ing models

Another promising field which is currently in a very
early stateis the field of developmentmodelsfor collabo-
rativeapplications.Oneapproachtowardsa generalframe-
worksfor applicationsis basedon referencemodelswhich
canbe instantiatedto produceapplicationspecificmodels.
Modelsfor variousareasof

� businessadministration,

� publicadministration,and

� personal/privateinformationsystems

canbedevelopedthataddresscommoncollaborative prob-
lemsin theseapplicationdomains.Thepresentationsat the
workshopaddressedonly problemsof businessadministra-
tion, but otherapplicationdomainsareemerging with sig-
nificantsharesaswell.

Oncethesemodelsareavailablethe needfor appropri-
ate testingmethodsand a test suite will emerge that can
defineandvalidatetheprovidedservicesat differentlevels,
e.g.minimum,optionally full-blown services.The testbed
shouldaim at coreservicesas well as other components,
suchasdifferentinterfaces(API, etc.).

Thediscussionsconcludedwith thegeneralopinionthat
collaborative developmenttools arevery promisingappli-
cationsof Webtechnology, but at its currentlevel thetech-
nologydoesnot offer all themethodsandcomponentsthat
userswould need.

4 Infrastructur e

Several talks of the workshopemphasizedthe potential
of the Web for the developmentof collaborative applica-
tions.Todayscoretechnologiesof theWebare

� HTML for thetextual representation,

� HTTPastheaccessprotocol,and

� CGI to generatedynamicpages.

Vendorsandresearchinstitutionsexperimentwith moreor
lessestablishedextensions,which arepartly on the client-
side(suchasplug-ins,or Java) or on the server side(such
as for exampledatabaseinterfaces). Standardsfor virtual
reality arebeingdeveloped(e.g.VRML). Figure2 depicts
thesecomponents.

However, thesecomponentsdo not provide enoughsup-
port for collaborativeapplications.
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Statelessness

HTTPasit is definedtodayis astatelessprotocol.However,
many applicationson the Web (suchas Internetshopping
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Figure 2. The Current Web

with shoppingbags,searchengines,etc.) needto maintain
somestatewithin andacrosssessions.Today, statehasto
bemaintainedusinganumberof mechanismsthatarerather
tricks thanintegralconceptsof HTTP.

Semantics

Applicationsdeal with information that is representedas
text, graphics,andothermedia.HTML asthemark-uplan-
guageof theWeb,however, dealsprimarily with thevisual
appearanceof and links amongthe provided information.
Thus,currently, thereis no uniform mechanismto describe
thesemanticsof informationcontainedin Web pages.Re-
sultsof this deficiency arephenomenalike ”lost in hyper-
space”,andthevarietyof problemsfinding informationon
theWeb.

Security

Currently, theissueof securityontheWebis approachedby
a varietyof solutions.For the supportof collaborative ap-
plications,a securityframework is neededthatsatisfiesthe
needsof, for example,financialtransactions,andsupports
differentiatedaccessrightsasa resultof differentdomains
of trust.

Notification

The current Web follows a “pull model” of information
gathering:A clientactively pulls informationby requesting
it from theserver. Mechanismssuchasclient-pull provide
only a meanto poll a single Web page. In order to sup-
port collaborative applications,a “push model” hasto be
developedthatallowsapplicationsto notify usersof new or
changedinformationor stateof theapplication.Thisshould
be part of a move to a generalpeer-to-peerarchitectures
that is neededto supporta wider spectrumof collaboration
types.
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To overcomethe mentioneddeficiencies,several direc-
tions have beenidentified in the workshop. Futureappli-
cationswill needto incorporatedistributedobjectsandac-
tivecomponents.Currentlythetrendfor distributedobjects
favorsCORBA, whichallowsprogramminglanguageinde-
pendentsharingof datastructuresacrosstheInternet.Dis-
tributedobjectswill hide many implementationpeculiari-
ties (suchasestablishingsessionstate)andwill easedata
sharingin distributedapplications.

Similarly, applicationsshouldbe ableto work on a ho-
mogeneousabstractionof the underlyinghardware. Plat-
form independentexecutionmechanisms(suchas virtual
machineslike the Java VM) will be neededfor higher in-
teractivity andfor themobility of code.

In orderto easethesemanticaccessto Webresourcesthe
deficienciesof the currenttext basedsearchenginesneed
improvements.Meansfor semanticannotationsshouldbe
provided for this task. Meta grammarslike SGML can
be seenas simple knowledgerepresentationssuitablefor
semanticannotationswhile beinga conservative extension
of currentpractice. Semanticannotationscanbe provided
automaticallyfor examplewhendatabasesareaccessedor
whendatais enteredvia forms.

A key issuein using the Web as the infrastructurefor
collaborative applicationsis adherenceto Web standards.
The World Wide Web Consortiumis the organizationthat
promotesanddevelopsthosestandards.Activitiesareunder
way to standardizeWeb componentsby the ISO, too. The
useof theWebplatformshouldberestrictedto standardized
features.
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Figure3 shows our view of the “ideal” Web that could
bethebasisfor theinfrastructurefor collaborativeapplica-
tions.

The core of the Web shouldbe transformedinto a set
of componentsof higher abstractionscapableof describ-
ing andinferring knowledgeaboutinformation.Collabora-
tiveapplicationscouldgreatlybenefitfrom thatknowledge,
the resultsof collaborationcould in turn contribute to that
knowledge.Notificationmechanismsandvirtual machines
shouldbecomeintegral partsof the Web infrastructure.In
orderto addressinformationonamoreabstractlevel,gener-
alizedsmartURLsshouldbeintroduced.Thesecouldmake
useof the URN/URC mechanismscurrently proposed,or
providemeansto addressagentsthatfurnishinformation.

Theoverall guidelinefor developmentsshouldbe“evo-
lution insteadof revolution”. This guidelineled the Web
to its currentstateand will easethe acceptanceof future
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Figure 3. The “Ideal” Web

enhancements.

5 Resultsand Future Dir ections

Thedirectionwhichaconstructiveandsufficiently com-
pleteanalysisof an applicationareamay follow: (1) De-
terminethe generalcharacteristicsof the area,(2) analyze
thesecharacteristicsandrelevantexamplesto deducea set
of requirements,(3) checkwhich requirementscanbe ful-
filled with theinfrastructurethechosenimplementationen-
vironmentoffers, and,finally, (4) specifywhich enhance-
mentshave to bemadeto this implementationenvironment
to meettherequirementsof theapplicationarea.

What thediscussionaboutthefutureof theWebclearly
lacksis apreciseterminologicalframework andareference
model allowing to categorize the applicationareasand to
reuseimplementationconcepts(building blocks) with re-
spectto the requirementsimposedby collaboration,coor-
dinationandcommunicationneeds.The paperspresented
in this chapterall addnew aspectsworth considerationin
trying to constructsucha framework.

The slides containingthe resultsof the workshopare
availableon the Web at the location http://www.cs.
tu-berlin.de/˜tolk/wsslides.html .


