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This paperpresentanimplementatiorfor web-basedactive documents Although severalapproaches
to distributed, actve documentsexist already we decidedto establisha nev model which provides
more flexibility and interoperabilitywithout giving up formality. The modelis basedmainly on the
ExtensibleMarkup Languageand makes useof the DocumentObjectModel, CascadingStyle Sheets
andthe Intrinsic EventModel, which areall openstandardslefinedby the W3 Consortium.

1 Motivation

Therapidsucces®sf the World Wide Webhasled to anew classof applicationsavhich areconstructedising
HTML [20] for theuserinterfaceandCGA  scriptsfor theapplications logic. They have amoreor lessstrong
resemblance mainframeprogramstheuserentersdatainto aform whichis transferredo theweb-serer,
evaluatedandthe resultsare passedackto the useragent. As a result, the computationaload andthe
applicationlogic arelocatedentirelyonthesener side.

In contrastto sener-centeredweb applications a client-centeredpplicationmodelhasemepged through
theuseof scriptinglanguagesuchasJavaScript[16]. Interfacesto theuseragentandthecurrentdocument
exist in theform of plug-ins[15], Java appletd4] andembeddedcripts[12]. However, with mostof these
solutionsa numberof problemsexist: plug-insare stronglytied to the chosenuseragentandthe client
platform,theinterfaceto thedocuments in all casesithernon-eistantor allows only the changingof text
andtherearestill distinctionsbetweerclient-andsenersideapplicationlogic.

To gainmoreflexibility andto removeary distinctionsbetweersenerandclient,theapproactwhichwewill
presenin this paperincorporateghe applicationcodeinto the HTML. documentthusturning the formerly
passie documentinto an applicationitself. We will referto theseenabledHTM. documentsas active
hyperlinled documentgAHDs). With this architecurea differentapplicationmodel canbe implemented.
Thisstartswith smallprogramdik e abookmarkpagewhich controlsits logic andappearancigself andgoes
upto workflow managemergystemsvhich containmostlyindependantiocumentsvith differentstatesand
possibleoperationson them. More generallyspeakingthe possibleusesof AHDs rangesfrom controlling
the contentsandlayoutof a singledocumento supportof coordinationrandcollaboratiortechniques.

2 System Overview

The generalffunctionality which is neededby this document-centeredrchitecturecovers several aspects:
aninterfaceto theuseragentflexible structuringandsemanti@nnotatiorof the documen{(state behaior,
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presentation)ntrospectiorthroughaninterfaceto thedocumenitself, alayoutanda scriptingmechanism.
Figurel shavs thesebuilding blocks.

External and
Structuring Layout Internal Scripting
Access

Figurel: Building Blocksof an AHD model

We will beusingtwo standardproposalsvhich have beenintroducedrecentlyby the W3 Consortium:the
ExtensibleMarkup Language (XM.) andthe DocumentObjectModel (DOM (see[2] and[3]) . The DOM
providesa clear programminganguagendependaninterfaceto the documentstructure. Additionally; it
definesnteractionwith theuserandtheuseragentthroughtheIntrinsic EventModel (I EM). As ameango
annotateadocumensemanticallyHTML is toolimited. Here, XML will beusedasthebasisfor thesemantic
annotationendasa structuringlanguage.

Thetechniquesisedin thebasicbuilding blocksof the AHD modelareshavn in Figure2, notehoweverthat
theuseof Tcl andOrTcl ([19], [21]) asthescriptinglanguagés notamandatorycharacteristiof an AHD.
Tcl / OTcl ischoserherebecausd hasareasonabldalanceof simplicity andcapability

Structuring: Access: Scripting:
XML DOM/IEM Tcl/OTcl

Figure2: Characteristicef an AHD

The proposedmodelfor AHDs is embeddedn a systemarchitecturewhich is a naturalextensionto the

architectureof currentweb-base@pplicationsin thosesystemswebsenersprovide accesso arepository
of eitherstaticallyavailable or dynamicallycreateddocuments.Web browsersare usedas useragentsto

requesthedocumentgrom thewebseners.

On the client side, the useragentwill be extentedto incorporatea runtime ervironment(RE). The RE
providesaninterfacefrom theuseragento the AHD andvice versa.ln addition,it providesthefunctionality
for introspectiorto the AHDs.

Onthesener side,the RE will beincorporatednto the web sener (this stepwill not be discussedn this
paper),sothat certainfunctionsin an AHD canbe executedprior to its transferto the useragent. An AHD
couldalsoresidein thewebsener for alongertime, respondingo requeststself.

Thebasicmechanismaeededo implementour modelof AHDs will now bedescribed.

2.1 XML

TheExtensibleMarkup Languages very closelyrelatedto the Hypertext MarkupLanguagendis a subset
of the Standad GeneanlizedMarkup Languae (SGVL, see[5]). Someof the maingoalsfor the designof
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Figure3: UserAgentArchitecture

XM were:

e straightforvardly usableoverthe Internet
e upwardscompatibilewith SGVL

e easyimplementatiorof XML processors

Like SGWL, XM. documentarecomposedf physicalunits (entities)andhave alogical structurewhichis
formedby elementsElementsaredeclaredn a DocumentType Description(DTD) andmarked with start-
andend-tagsn thedocument.

For ourapproachthemainadwantageof XML over HTML is theability to declareslementsvhichareneeded
to form anactive documentin comparisorto SGWL., XM is explicitly targetedatthe World Wide Weband
morewidespreadupportfrom contentcreatorsaandsoftwaredeveloperss expected.

2.2 DOM

The structureof HTML and XML documentgsanbe accessedhroughthe DocumentObjectModel (DOW).
The DOMdescribeshe partsof adocumenin termsof nodeswhich areorganisedn atree.Here,themore
interestingnodetypesaretext, elementsndattributes

The interface to the different nodesis describedvia the Interface Definition Languae (I DL) from the
ObjectManagemenGroup[18]. An interfacedefinition containsthe attributesandpossibleoperationdor
the nodetypes. Correspondinglefinitionscan be derved for variouslanguagese.g. Java. Among the
operationglefinedfor thenodetypesareoperationgo createnew elementsmanipulateheir list of children
andmodify their attributes.

2.3 Intrinsic Event Model

To mapeventsto behaior, we usethe Intrinsic EventModel (I EM) definedin the DOM Eventsaretied to
theelementvherethey occur If anelementdoesnot procesainevent, it is propagatedo its parentelement.

Any actity is triggeredby externalevents.They canbe groupednto usereventsandeventscausedy the
runtime ervironment. User eventsare pointer events(motion, clicks), keyboardevents(key pressedkey
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Figure4: Typical nodetree(elementonly)

released)form relatedevent (list selectionstext changes)andfocuschangesEventstriggeredby the RE
aredocumentoadinganddocumenunloading.

2.4 Style Sheets

SinceXM. definesonly the structureof a documenta separatdayout definitionis provided throughstyle
sheets.The W3 ConsortiumproposesCascadingStyle Sheet{CSS) to be usedtogetherwith HTM_ and
XML [13].

Stylesheetsmply anew setof attributeswhich areassociateavith anelement.Theseattributescontrolthe
visible aspect®f theelementse.g. magins, bordersiext styles.In addition,a stylesheetcanalsodescribe
auralpropertiedor elementgo enhanceccessabilitypf adocument.

3 Architecture

To implementtheinfrastructureor AHDs, basicdefinitionsareneededo describehe structureandseman-
ticsof an AHD. In addition,a mappingof the eventmodelto the documenbehaior hasto be defined.

3.1 Document Structure

The structureof an AHD is definedin a DTD. To allow the RE agentto processan AHD, two approaches
are possible. On the one hand, the DTD itself could declarea setof elementswhich are recognizedby
the useragentandcontainary codeanddatarequiredfor the AHD. In our model,we chosea moreflexible
approachHere,ary elementancontaincodeanddata.For this purposethe DTD declare®nly two specific
elementspamely<FUNC> and<VAR>. They will be explainedin detailin the next section.Instance®of
theseelementsarealwaysassociatedvith their parentelementj.e. their scopeis the parentelement. This
associatioris establishedby the RE, which manageshe accesso 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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<! ATTLI ST func

name CDATA #REQUI RED
type CDATA #| MPLI ED>
<! ELEMENT var - - CDATA>
<! ATTLI ST var
name CDATA #REQUI RED>

In the secondpart, two additionalelements(<or der > and <buyer >) are declared. An instanceof
the <or der > elementis created.It containsthe functionpri nt _header andinstanceof the element
<buyer > with two functions(pr i nt anddupl i cat e) andtwo variablegnane andemsai | ):

<! DOCTYPE ahd [

<! ELEMENT order - - (buyer | FUNC | VAR)*>
<! ELEMENT buyer - - (#PCDATA | FUNC | VAR)*>
<I ATTLI ST buyer

id CDATA #| WPLI ED>
1>

<order id="080">

<func nanme="print_header"> ... </func>
<buyer id="p80">
<func name="print"> ... </func>
<func name="duplicate"> ... </func>

<var nane="nane">John Doe</var>
<var nane="emmi | ">doe@ni - essen. de</ var >
</ buyer >
</ order >

The RE associateboththefunctionsandthevariableswith the <buyer > element.As aconsequencehe
variablesandthefunctionscanbeaccessednly throughthe <buyer > element.The <buyer > element
itself canbeaddressedsingitsi d attribute. Theaddressingchemdor elementds definedin moredetail
in the XML specificatior{2].

Thelocal scopingof functionsandvariablesequiresa methodto faciliateaccesso functionsandvariables.
We will useparent delagation to look up function andvariableelements.In orderto accessan element
throughits nane or i d, the parentchainof the currentelementwill be searched.Functionandvariable
elementsare associatedvith an elementif they are a direct child of this element. In the example,the
variablenanme canbe modifiedfrom within thefunctionpr i nt sinceit is adirectchild of the <buyer >

element.

Figure5 shavs thelookup of thefunctionpr i nt _header whichis calledin thefunctionpri nt of the
elementbuyer >. Here,thelookupof thefunctionis continuedn the parentof <buyer >, <or der >.
This elementcontainghewantedschriptasa directchild.
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ORDER id="080"

print_headeW \%print_header

. FUNC
BUYER id="p80"

name="print_header"
print_header’@ '/

FUNC name="print"
... print_header ...

Figure5: Parentdelegation

3.2 Structural Elements

Thetwo elementsvhich areusedto incorporatestateandbehaior into an AHD are <FUNC> and<VAR>.

They containeitherfunction codeor variablevaluesand are a logical part of their parentelement. It is

importantthatary otherelementwhichwill containtheseslementss definedappropriatehby includingthe
<FUNC> and<VAR> elementsn the contentdeclaration.Both elementshave the CSS displayproperty
setto none sothatthey will notbelayoutedanddisplayed.

3.2.1 FUNC Element

Thedeclaratiorof the <FUNC> elements asfollows:

<! ELEMENT FUNC - - CDATA>

<! ATTLI ST FUNC
name CDATA #REQUI RED
type CDATA #| MPLI ED>

Thenane attribute containsthe nameof the functionunderwhichit canbe called,andthet ype attribute
describeshelnternetContentlypeof thefunction(whichis basicallytheprogrammindanguageised).The
contentsof the <FUNC> element(i.e. the text betweerthe start-andend-tag)is the codeof the function.
The nameof a function hasto be locally unigue,which meangthat the parentelementdoesnot have ary
otherfunctionwith the samename.If anotherfunctionwith the samenameexists, only thefirst elements
considered.

3.2.2 VAR Element

Thefollowing codeshavs the declaratiorof the <VAR> element:

<! ELEMENT VAR - - CDATA>
<I'ATTLI ST VAR
namne CDATA #REQUI RED>




The elementhasonly oneattribute, nane. Like the <FUNC> tag, this containsa locally uniquenamefor
thevariable.The contentsof the <VAR> elements the valueof thevariable.

3.3 Event Model

The eventsdefinedin the event modelare mappedimplicitly to elementfunctions. Any function which

nameequalsaneventnamewill be calledwhenthateventoccurs.Accordingto thel EManeventhandling
function canalsobe definedin an attribute which hasthe nameof the handledevent. The next examples
(which areall equivalent)shav the usageof eventhandlers.

<| abel 1>
<func nanme="onclick"> echo Muse clicked! </func>

</ | abel 1>
<l abel 2 onclick="echo Muse clicked!">
</ | abel 2>

<l abel 3 oncl i ck="nouse_handl er" >
<func name="nouse_handl er"> echo Muse clicked! </func>

</ | abel 3>

Eachevent handleris passedadditionalinformation aboutthe event, e.g. the pressedkey or the pointer
location.

3.4 Programming Interface

An elementonsistof five componentasshavn in Figure6.

Fioment @
N

Figure6: AHD Elementcomponents

The accesdo the attributesandthe child elementsdrom within the RE andand AHD is provided through
the functionsdefinedin the DOM Thesefunctionscanalsobe usedto accesghe functions,variablesand
thetextual contentsof anelementput to ensurethe parentdelagyation mechanisnior functionandvariable
accessgorveniencdunctionsareimplementedaswell. Theseare:



setVar: setsavariablevalue(thetextual contentof a <VAR> tag)
getVar: getsavariablevalue(thetextual contentf a <VAR> tag)

setContents: setsthetextual contentof anelementlf the elementcontainsotherchild elementsthey will
be deleted(to achieze morecontrol over the the contentsof an element,usingthe functionsof the DOMis
recommended).

getContents. getsthetextual contentf anelement.Notethatary child elementsn thecontentareignored
(e.g.thecontentof the<p> tagin "<p>A <enmnest ed</ ent> tag</p>"is”A tag”).

Sincethe executionof anelementfunction cannot betriggeredby DOMfunctions,the RE exportsanother
utility function:

callFunc: callsanelementfunction

Thefunctioninterfacesaredefinedindependantlyrom ary programminganguagesHowever, in ourim-
plementationthey will bewrittenin C.

4 Implementation

Theimplementatiorof the modelis mainly tied to theimplementatiorof the useragent.We developedthe
extensiblewebbrowserCi neast [11] to developandevaluatenovel approachebke AHDs. Themainpart
of the G neast is writtenin OTcl , thisis alsowhy we choseTcl / OTcl asthe scriptinglanguagefor
AHDs. TheCi neast is currentlyrunningunderUni x, but its main partscanbe portedto otheroperating
systemsandthe modelfor the AHDs is platformindependant.

The basisof the G neast is the prototypingernvironment\Waf e [17]. It combinesTcl asa scripting
languagewith differentwidgetsetssuchasthe Athenawidgetsetor the Motif widgetset.In addition,other
librariesarelinkedinto WAf e, amongtheseareSSLeay [9], LDAP [7] andOTcl . For theimplementation
of theG neast , aspecialpurposewidgetcalledKi no [10] is integratedinto Wf e to handlethe parsing,
layoutanddisplayof XM sourcetext. It is implementedn Cto achiere acceptabl@erformanceTheroles
of WaAf e andtheKi no widgetin thedifferentlayersof the useragentarediscussedbelon. Figure7 shavs
anoverview.

Cineast
Presentation
Logic Kino
Wafe Runtime
Environment
Networking

Figure7: Waf e andtheKi no widgetin theCGi neast



4.1 Runtime Environment

Most of the functionality requiredin the RE is provided by the Ki no widget. The maintaskof theKi no
widgetin the RE is to parseary sourcetext andto maintainaninternalrepresentationf the elementree.
It alsoimplementsall of the DOMfunctionsandthe additionalfunctionsneededo accesghefunctionsand
variablesof theelements.

TheKi no widgetis madeup of threecomponentsihe Parser, the Layouterandthe Painter. In the RE,

only the Parseris of interest.It producestreeof parseddata (PDat a) elements.TheKi no widgetuses
four differenttypesof PDat a elementsagenericelementaboxelementvhich cancontainchildren,atext

elementindaninsetelemenwhich canbe usedto insertotherwidgetsandimagesnto theelementree.

The mostinterestingelements the box element.Besidests role asa structuringelemento containother
elementsit holdsthe CSS attributes. The PDat a box elementcorrespondlirectly to the XML elementsn
thedocumentj.e. ary XM elementresultsin a PDat a box element.Figure8 shaws a partof a PDat a
tree.

tag information: name="H1", class="title",
CSS attributes:ont - si ze: 12pt, margin-top: 6pt,
event handlerdoi nt er Mot i onMask |

PDataTex PDataTexi®» PDataTextm

PDataTexj

Figure8: PDat a tree

Navigationin the PDat a treeis possiblethroughthe DOMon the onehand,on the otherhand,the compo-
nentsof the PDat a elementganbe useddirectly throughtheir C pointers.

The Ki no widgetis extensiblein two ways: the applicationcanregistera tag callbad, which is called
when&er atagis encountereduringthe parsingprocessin this callback,the applicationcanfor example
modify the PDat a tree. The secondcallbackwhich is usedhandlesthe executionof scripts. The Ki no
widgetcallsthis script callbadk wheneer a scripthasto be executede.g. whenaneventoccursor a script
is calledviacal | Func. ThismakestheKi no widgetindependentrom the choserscriptinglanguage.

4.2 Presentation

The presentationayer of the Ci neast is implementedn the Layouterand Painter componentof the
Ki no widget. They arenotneededor the basicfunctionality of an AHD andcanbe omittedif the RE is to
beincorporatednto awebsener.
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Figure9: Interactingwith theKi no widget

The Layouterworkstogetherwith a CSS database The CSS databasés built duringthe parsingprocess
andcontainsall styleinformation. Currently the CSS databasés implementeccompletelyin OTcl . The
Layouterpositionsary elementsothatno calculationsareneededor displayby the Painter

TheKi no widgetandthe G neast handlemostof HTML 3. 2, includingimportantfeaturedike tables,
imagesandforms. Theinternallayoutmodelis box-orientedsothata PDat a box resultsin eitherablock-
level or inline elementaccordingto the CSS specification. In contrastto a simple flow-orientedmodel,
boxescanbenested Figure10 shavs the mostimportantarrangements.

nested conten - -

flush right

flush left '

“a —

Figure10: Somepossibldayoutarrangements

Theboxmodelallowstherealizationof morecomplex layoutssuchastables.Dueto theincreasedomple-
ity, incrementalayoutis not supportedput may be availablein the future,aswell asabsolutepositioning
of boxeswithin atext flow andnoton separatéayers.

4.3 Application Logic

4.4 Networking
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5 Conclusion

Ideasfor applicationswvhich arebasedon webtechniquesuchasHTM. andCd werepresentectarlyin
the history of theweh In [6], theauthorsalreadypoint out the needfor morecontrolon boththeclientand
sener side.Relatedresearcltanalsobefoundin [8], wherethe Mosaicwebbrowseris extendedo beable
to executeTcl scripts.However, amoreformal modelis not presented.

Our proposednodelfor ActiveHyperlinked Documentandtheimplementatiorof the overall systemdiffer
in two key pointsfrom existing approaches:

¢ sinceall usedmechansismandtechniquesre eitheropenstandard®or freely available andusable
software,theconcepiof an AHD is independandf commerciainfluenceandeasyto useandvalidate
for others

¢ thesystemitselfis constructedn away thatmalesmodificationsvery simplewhile still supportinga
certainlevel of formality

More importanthowvever arethe next stepsthat have to be madeto prove the potentialof AHDs. First,
a formal modelfor the useof AHDs in distributed applicationshasto be developed. Startingpoints can
be framevorkslike [14]. A secondstepis the reductionof the distinctionsbetweenuseragentsandweb
senersby incorporatinghe RE into thewebsener. Lasty securityissueshave to beaddressetly including
standardsecuritytechniquedik e electronicsignaturesencryptionandaccessnodels.
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