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This paperpresentsanimplementationfor web-based,active documents.Althoughseveralapproaches

to distributed, active documentsexist already, we decidedto establisha new model which provides

more flexibility and interoperabilitywithout giving up formality. The model is basedmainly on the

ExtensibleMarkup Languageandmakesuseof the DocumentObjectModel, CascadingStyle Sheets

andtheIntrinsicEventModel,whichareall openstandardsdefinedby theW3 Consortium.

1 Motivation

Therapidsuccessof theWorld WideWebhasledto anew classof applicationswhichareconstructedusing

HTML [20] for theuserinterfaceandCGI scriptsfor theapplication’s logic. They haveamoreor lessstrong

resemblanceto mainframeprograms:theuserentersdatainto aform whichis transferredto theweb-server,

evaluatedandthe resultsarepassedback to the useragent. As a result, the computationalload andthe

applicationlogic arelocatedentirelyon theserver side.

In contrastto server-centeredweb applications,a client-centeredapplicationmodelhasemergedthrough

theuseof scriptinglanguagessuchasJavaScript[16]. Interfacesto theuseragentandthecurrentdocument

exist in theform of plug-ins[15], Java applets[4] andembeddedscripts[12]. However, with mostof these

solutionsa numberof problemsexist: plug-insarestrongly tied to the chosenuseragentand the client

platform,theinterfaceto thedocumentis in all caseseithernon-existantor allows only thechangingof text

andtherearestill distinctionsbetweenclient-andserver-sideapplicationlogic.

Togainmoreflexibility andto removeany distinctionsbetweenserverandclient,theapproachwhichwewill

presentin this paperincorporatestheapplicationcodeinto theHTML document,thusturningthe formerly

passive documentinto an applicationitself. We will refer to theseenabledHTML documentsas active,

hyperlinked documents(AHDs). With this architecure,a differentapplicationmodelcanbe implemented.

Thisstartswith smallprogramslikeabookmarkpagewhichcontrolsits logic andappearanceitself andgoes

upto workflow managementsystemswhichcontainmostlyindependantdocumentswith differentstatesand

possibleoperationson them. More generallyspeaking,thepossibleusesof AHDs rangesfrom controlling

thecontentsandlayoutof asingledocumentto supportof coordinationandcollaborationtechniques.

2 System Overview

The generalfunctionality which is neededby this document-centeredarchitecturecoversseveral aspects:

aninterfaceto theuseragent,flexible structuringandsemanticannotationof thedocument(state,behavior,
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presentation),introspectionthroughaninterfaceto thedocumentitself, a layoutandascriptingmechanism.

Figure1 shows thesebuilding blocks.
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Figure1: Building Blocksof anAHD model

We will beusingtwo standardproposalswhich have beenintroducedrecentlyby theW3 Consortium:the

ExtensibleMarkup Language (XML) andthe DocumentObjectModel (DOM) (see[2] and[3]) . TheDOM

providesa clear, programminglanguageindependantinterfaceto the documentstructure.Additionally, it

definesinteractionwith theuserandtheuseragentthroughtheIntrinsic EventModel(IEM). As ameansto

annotateadocumentsemantically, HTML is too limited. Here,XMLwill beusedasthebasisfor thesemantic

annotationsandasastructuringlanguage.

Thetechniquesusedin thebasicbuilding blocksof theAHDmodelareshown in Figure2, notehowever that

theuseof Tcl andOTcl ([19], [21]) asthescriptinglanguageis notamandatorycharacteristicof anAHD.

Tcl/OTcl is chosenherebecauseit hasa reasonablebalanceof simplicity andcapability.
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Figure2: Characteristicsof anAHD

The proposedmodel for AHDs is embeddedin a systemarchitecturewhich is a naturalextensionto the

architectureof currentweb-basedapplications.In thosesystems,webserversprovideaccessto arepository

of eitherstaticallyavailableor dynamicallycreateddocuments.Web browsersareusedasuseragentsto

requestthedocumentsfrom thewebservers.

On the client side, the useragentwill be extentedto incorporatea runtime environment(RE). The RE

providesaninterfacefrom theuseragentto theAHD andviceversa.In addition,it providesthefunctionality

for introspectionto theAHDs.

On theserver side,theRE will be incorporatedinto thewebserver (this stepwill not bediscussedin this

paper),so thatcertainfunctionsin anAHD canbeexecutedprior to its transferto theuseragent.An AHD

couldalsoresidein thewebserver for a longertime,respondingto requestsitself.

Thebasicmechanismsneededto implementourmodelof AHDswill now bedescribed.

2.1 XML

TheExtensibleMarkupLanguageis verycloselyrelatedto theHypertext MarkupLanguageandis asubset

of theStandard GeneralizedMarkupLanguage (SGML, see[5]). Someof themaingoalsfor thedesignof
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Figure3: UserAgentArchitecture

XML were:

� straightforwardly usableover theInternet

� upwardscompatibilewith SGML

� easyimplementationof XML processors

LikeSGML, XML documentsarecomposedof physicalunits(entities)andhave a logical structurewhich is

formedby elements.Elementsaredeclaredin a DocumentTypeDescription(DTD) andmarkedwith start-

andend-tagsin thedocument.

For ourapproach,themainadvantageof XML overHTML is theability to declareelementswhichareneeded

to form anactive document.In comparisonto SGML, XML is explicitly targetedat theWorld WideWeband

morewidespreadsupportfrom contentcreatorsandsoftwaredevelopersis expected.

2.2 DOM

The structureof HTML andXML documentscanbeaccessedthroughthe DocumentObjectModel (DOM).

TheDOM describesthepartsof a documentin termsof nodeswhich areorganisedin a tree.Here,themore

interestingnodetypesaretext, elementsandattributes.

The interface to the different nodesis describedvia the InterfaceDefinition Language (IDL) from the

ObjectManagementGroup[18]. An interfacedefinitioncontainstheattributesandpossibleoperationsfor

the nodetypes. Correspondingdefinitionscanbe derived for variouslanguages,e.g. Java. Among the

operationsdefinedfor thenodetypesareoperationsto createnew elements,manipulatetheir list of children

andmodify their attributes.

2.3 Intrinsic Event Model

To mapeventsto behavior, we usethe Intrinsic EventModel (IEM) definedin theDOM. Eventsaretied to

theelementwherethey occur. If anelementdoesnotprocessanevent,it is propagatedto its parentelement.

Any activity is triggeredby externalevents.They canbegroupedinto usereventsandeventscausedby the

runtimeenvironment. Usereventsarepointerevents(motion, clicks), keyboardevents(key pressed,key
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Figure4: Typicalnodetree(elementsonly)

released),form relatedevent(list selections,text changes),andfocuschanges.Eventstriggeredby theRE

aredocumentloadinganddocumentunloading.

2.4 Style Sheets

SinceXML definesonly thestructureof a document,a separatelayoutdefinition is provided throughstyle

sheets.The W3 ConsortiumproposesCascadingStyleSheets(CSS) to be usedtogetherwith HTML and

XML [13].

Stylesheetsimply anew setof attributeswhichareassociatedwith anelement.Theseattributescontrolthe

visibleaspectsof theelements,e.g.margins,borders,text styles.In addition,astylesheetcanalsodescribe

auralpropertiesfor elementsto enhanceaccessabilityof adocument.

3 Architecture

To implementtheinfrastructurefor AHDs,basicdefinitionsareneededto describethestructureandseman-

ticsof anAHD. In addition,amappingof theeventmodelto thedocumentbehavior hasto bedefined.

3.1 Document Structure

The structureof anAHD is definedin a DTD. To allow theRE agentto processanAHD, two approaches

arepossible. On the one hand,the DTD itself could declarea setof elementswhich are recognizedby

theuseragentandcontainany codeanddatarequiredfor theAHD. In our model,we chosea moreflexible

approach.Here,any elementcancontaincodeanddata.For thispurpose,theDTD declaresonly two specific

elements,namely �
FUNC � and �

VAR � . They will beexplainedin detail in thenext section.Instancesof

theseelementsarealwaysassociatedwith their parentelement,i.e. their scopeis theparentelement.This

associationis establishedby theRE, whichmanagestheaccessto codeanddatafor eachelement.

The following sampleillustratesthe mechanism.The first part of the exampledeclaresa DTD with the

elements�
FUNC � and �

VAR � :

<!ELEMENT ahd o o ANY>

<!ELEMENT func - - CDATA>
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<!ATTLIST func

name CDATA #REQUIRED

type CDATA #IMPLIED>

<!ELEMENT var - - CDATA>

<!ATTLIST var

name CDATA #REQUIRED>

In the secondpart, two additionalelements( �
order � and �

buyer � ) are declared. An instanceof

the �
order � elementis created.It containsthe functionprint header andinstanceof the element

�
buyer � with two functions(print andduplicate) andtwo variables(name andemail):

<!DOCTYPE ahd [

<!ELEMENT order - - (buyer | FUNC | VAR)*>

<!ELEMENT buyer - - (#PCDATA | FUNC | VAR)*>

<!ATTLIST buyer

id CDATA #IMPLIED>

]>

<order id="o80">

<func name="print_header"> ... </func>

<buyer id="p80">

<func name="print"> ... </func>

<func name="duplicate"> ... </func>

<var name="name">John Doe</var>

<var name="email">doe@uni-essen.de</var>

</buyer>

</order>

TheRE associatesboththefunctionsandthevariableswith the �
buyer � element.As aconsequence,the

variablesandthefunctionscanbeaccessedonly throughthe �
buyer � element.The �

buyer � element

itself canbeaddressedusingits id attribute. Theaddressingschemefor elementsis definedin moredetail

in theXML specification[2].

Thelocalscopingof functionsandvariablesrequiresamethodto faciliateaccessto functionsandvariables.

We will useparent delegation to look up function andvariableelements.In order to accessan element

throughits name or id, the parentchainof the currentelementwill be searched.Functionandvariable

elementsare associatedwith an elementif they are a direct child of this element. In the example,the

variablename canbemodifiedfrom within thefunctionprint sinceit is a directchild of the �
buyer �

element.

Figure5 shows the lookupof the functionprint header which is calledin the functionprint of the

element�
buyer � . Here,thelookupof thefunctionis continuedin theparentof �

buyer � , �
order � .

Thiselementcontainsthewantedschriptasa directchild.
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BUYER id="p80"

ORDER id="o80"

print_header?

print_header? print_header

FUNC name="print"

... print_header ...

FUNC 

name="print_header"

Figure5: Parentdelegation

3.2 Structural Elements

Thetwo elementswhichareusedto incorporatestateandbehavior into anAHD are �
FUNC � and �

VAR � .

They containeither function codeor variablevaluesandarea logical part of their parentelement. It is

importantthatany otherelementwhichwill containtheseelementsis definedappropriatelyby includingthe
�
FUNC � and �

VAR � elementsin thecontentdeclaration.Both elementshave theCSS displayproperty

setto none sothatthey will notbelayoutedanddisplayed.

3.2.1 FUNC Element

Thedeclarationof the �
FUNC � elementis asfollows:

<!ELEMENT FUNC - - CDATA>

<!ATTLIST FUNC

name CDATA #REQUIRED

type CDATA #IMPLIED>

Thename attributecontainsthenameof thefunctionunderwhich it canbecalled,andthetype attribute

describestheInternetContentTypeof thefunction(whichis basicallytheprogramminglanguageused).The

contentsof the �
FUNC � element(i.e. the text betweenthestart-andend-tag)is thecodeof thefunction.

The nameof a functionhasto be locally unique,which meansthat the parentelementdoesnot have any

otherfunctionwith thesamename.If anotherfunctionwith thesamenameexists,only thefirst elementis

considered.

3.2.2 VAR Element

Thefollowing codeshows thedeclarationof the �
VAR � element:

<!ELEMENT VAR - - CDATA>

<!ATTLIST VAR

name CDATA #REQUIRED>
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Theelementhasonly oneattribute,name. Like the �
FUNC � tag,this containsa locally uniquenamefor

thevariable.Thecontentsof the �
VAR � elementis thevalueof thevariable.

3.3 Event Model

The eventsdefinedin the event modelaremappedimplicitly to elementfunctions. Any function which

nameequalsaneventnamewill becalledwhenthateventoccurs.Accordingto theIEM aneventhandling

functioncanalsobedefinedin anattribute which hasthe nameof the handledevent. The next examples

(whichareall equivalent)show theusageof eventhandlers.

<label1>

<func name="onclick"> echo Mouse clicked! </func>

...

</label1>

<label2 onclick="echo Mouse clicked!">

...

</label2>

<label3 onclick="mouse_handler">

<func name="mouse_handler"> echo Mouse clicked! </func>

...

</label3>

Eachevent handleris passedadditionalinformationaboutthe event, e.g. the pressedkey or the pointer

location.

3.4 Programming Interface

An elementconsistsof fivecomponentsasshown in Figure6.

Element Attributes

Child
Elements Functions Variables Textual 

Contents

Figure6: AHD Elementcomponents

The accessto the attributesandthe child elementsfrom within theRE andandAHD is provided through

the functionsdefinedin theDOM. Thesefunctionscanalsobe usedto accessthe functions,variablesand

thetextual contentsof anelement,but to ensuretheparentdelegationmechanismfor functionandvariable

access,conveniencefunctionsareimplementedaswell. Theseare:
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setVar: setsavariablevalue(thetextual contentsof a �
VAR � tag)

getVar: getsavariablevalue(thetextualcontentsof a �
VAR � tag)

setContents: setsthetextualcontentsof anelement.If theelementcontainsotherchild elements,they will

bedeleted(to achieve morecontrolover the thecontentsof anelement,usingthe functionsof theDOM is

recommended).

getContents: getsthetextualcontentsof anelement.Notethatany child elementsin thecontentareignored

(e.g.thecontentsof the �
p � tagin ” �

p � A �
em � nested</em � tag</p � ” is ”A tag”).

Sincetheexecutionof anelementfunctioncannot betriggeredby DOM functions,theRE exportsanother

utility function:

callFunc: callsanelementfunction

Thefunctioninterfacesaredefinedindependantlyfrom any programminglanguages.However, in our im-

plementation,they will bewritten in C.

4 Implementation

Theimplementationof themodelis mainly tied to theimplementationof theuseragent.We developedthe

extensiblewebbrowserCineast [11] to developandevaluatenovel approacheslikeAHDs. Themainpart

of theCineast is written in OTcl, this is alsowhy we choseTcl/OTcl asthe scriptinglanguagefor

AHDs. TheCineast is currentlyrunningunderUnix, but its mainpartscanbeportedto otheroperating

systemsandthemodelfor theAHDs is platformindependant.

The basisof the Cineast is the prototypingenvironmentWafe [17]. It combinesTcl asa scripting

languagewith differentwidgetsetssuchastheAthenawidgetsetor theMotif widgetset.In addition,other

librariesarelinkedinto Wafe, amongtheseareSSLeay [9], LDAP [7] andOTcl. For theimplementation

of theCineast, aspecialpurposewidgetcalledKino [10] is integratedinto Wafe to handletheparsing,

layoutanddisplayof XML sourcetext. It is implementedin C to achieve acceptableperformance.Theroles

of Wafe andtheKino widgetin thedifferentlayersof theuseragentarediscussedbelow. Figure7 shows

anoverview.

Presentation

Logic

Networking

Runtime
Environment

Cineast

Wafe

Kino

Figure7: Wafe andtheKino widgetin theCineast
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4.1 Runtime Environment

Most of the functionalityrequiredin theRE is providedby theKino widget. Themaintaskof theKino

widget in theRE is to parseany sourcetext andto maintainan internalrepresentationof theelementtree.

It alsoimplementsall of theDOM functionsandtheadditionalfunctionsneededto accessthefunctionsand

variablesof theelements.

TheKino widget is madeup of threecomponents:the Parser, the Layouterandthe Painter. In theRE,

only theParser is of interest.It producesa treeof parseddata (PData) elements.TheKino widgetuses

four differenttypesof PData elements:agenericelement, aboxelementwhichcancontainchildren,a text

elementandan insetelementwhichcanbeusedto insertotherwidgetsandimagesinto theelementtree.

Themostinterestingelementis thebox element.Besidesits role asa structuringelementto containother

elements,it holdstheCSS attributes.ThePData boxelementscorresponddirectly to theXML elementsin

thedocument,i.e. any XML elementresultsin a PData box element.Figure8 shows a part of a PData

tree.

PDataBox

PDataBoxPDataText PDataText PDataText

PDataText

CSS attributes: font-size: 12pt, margin-top: 6pt, ...

tag information: name="H1", class="title", ...

event handlers: PointerMotionMask | ...

Figure8: PData tree

Navigationin thePData treeis possiblethroughtheDOM on theonehand,on theotherhand,thecompo-

nentsof thePData elementscanbeuseddirectly throughtheirC pointers.

TheKino widget is extensiblein two ways: the applicationcanregistera tag callback, which is called

whenever a tagis encounteredduringtheparsingprocess.In this callback,theapplicationcanfor example

modify thePData tree. The secondcallbackwhich is usedhandlesthe executionof scripts. TheKino

widgetcallsthis script callback whenever a scripthasto beexecuted,e.g.whenaneventoccursor a script

is calledvia callFunc. ThismakestheKino widgetindependentfrom thechosenscriptinglanguage.

4.2 Presentation

The presentationlayer of the Cineast is implementedin the LayouterandPainter componentsof the

Kino widget. They arenot neededfor thebasicfunctionalityof anAHD andcanbeomittedif theRE is to

beincorporatedinto awebserver.
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Kino
script

tag information
X events

XML source

PData manipulation

tagCallback

scriptCallback

Figure9: Interactingwith theKino widget

The Layouterworks togetherwith a CSS database.TheCSS databaseis built during the parsingprocess

andcontainsall style information. Currently, theCSS databaseis implementedcompletelyin OTcl. The

Layouterpositionsany elementsothatnocalculationsareneededfor displayby thePainter.

TheKino widgetandtheCineast handlemostof HTML 3.2, includingimportantfeatureslike tables,

imagesandforms.Theinternallayoutmodelis box-oriented,sothataPData box resultsin eitherablock-

level or inline elementaccordingto the CSS specification. In contrastto a simpleflow-orientedmodel,

boxescanbenested.Figure10shows themostimportantarrangements.

flush right
nested contents

flush left

Figure10:Somepossiblelayoutarrangements

Theboxmodelallowstherealizationof morecomplex layoutssuchastables.Dueto theincreasedcomplex-

ity, incrementallayout is not supported,but maybeavailablein the future,aswell asabsolutepositioning

of boxeswithin a text flow andnotonseparatelayers.

4.3 Application Logic

...

4.4 Networking

...
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5 Conclusion

Ideasfor applicationswhich arebasedon webtechniquessuchasHTML andCGI werepresentedearly in

thehistoryof theweb. In [6], theauthorsalreadypointout theneedfor morecontrolonboththeclient and

server side.Relatedresearchcanalsobefoundin [8], wheretheMosaicwebbrowseris extendedto beable

to executeTcl scripts.However, amoreformalmodelis notpresented.

Ourproposedmodelfor ActiveHyperlinkedDocumentsandtheimplementationof theoverall systemdiffer

in two key pointsfrom existingapproaches:

� sinceall usedmechansismsandtechniquesareeitheropenstandardsor freely availableandusable

software,theconceptof anAHD is independantof commercialinfluenceandeasyto useandvalidate

for others

� thesystemitself is constructedin away thatmakesmodificationsverysimplewhile still supportinga

certainlevel of formality

More importanthowever are the next stepsthat have to be madeto prove the potentialof AHDs. First,

a formal model for the useof AHDs in distributed applicationshasto be developed. Startingpointscan

be frameworks like [14]. A secondstepis the reductionof the distinctionsbetweenuseragentsandweb

serversby incorporatingtheRE into thewebserver. Lasty, securityissueshave to beaddressedby including

standardsecuritytechniqueslike electronicsignatures,encryptionandaccessmodels.

References

[1] T. Berners-Lee,R. Fielding,H. Frystyck:Hypertext TransferProtocol- HTTP/1.0InformationalRFC,

<http://www.w3.org/Protocols/rfc1945/rfc1945>, May 1996.

[2] Tim Bray, JeanPaoli, C.M. Sperberg-Queen:ExtensibleMarkup Language (XML), W3C Working

Draft, <http://www.w3.org/TR/WD-xml>, November1997

[3] Steve Byrne: Document Object Model (Core) Level 1, W3C Working Draft,

<http://www.w3.org/TR/WD-DOM/level-one-core-971009>, October1997

[4] James Gosling, Henry McGilton: The Java Language Environment,

<http://java.sun.com/docs/white/langenv/>, May 1996

[5] CharlesF. Goldfarb. TheSGMLHandbook, OxfordUniversityPress,Oxford1990.

[6] HenryHouh,Cris LindbladandDavid Wetherall:ActivePages: IntelligentNodeson theWorld Wide

Web, Proceedingsof theFirstWorld WideWebConference,Geneve,1994

[7] T. HowesandM. Smith: LDAP: ProgrammingDirectory-EnabledApplicationswith LightweightDi-

rectoryAccessProtocol, MacmillanTechnicalPublishing,1997.

[8] M. FransKaashoek,Tom Pinckney andJoshuaA. Tauber: DynamicDocuments:Extensibilityand

Adaptability in the WWW, Proceedingsof the SecondInternationalWorld Wide Web Conference,

Chicago,1994.



References 12

[9] T. J. Hudson and E. A. Young: SSLeay and SSLapps FAQ (Draft),

<http://www.psy.uq.edu.au/ ftp/Crypto/>, September1997.

[10] EckhartKoeppen:EntwicklungeineserweiterbarenWidgetszur Anzeige vonHTML-Texten, Master’s

Thesis,Universityof Essen,Germany, 1996.

[11] EckhartKoeppen,GustafNeumann,StefanNusser:Cineast- AnextensibleWebBrowser, Proceedings

of WebNet97,Toronto1997

[12] JacobLevy: A Tk NetscapePlugin, Proceedingsof the Fourth Annual USENIX Tcl/Tk Workshop,

Monterey 1996
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