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Abstract: Cineastis a freely available extensibleWeb browserwhich intendsto providean
environmentfor prototypingnew client side InternettechnologiesCineasthasbuilt-in sup-
portfor HTML 3.2,fill-out forms,tablesandincrementaloadingof documentsThe browser
itself usesthe interpretedWafe environmentfor implementingthe high level control struc-
tures.The basicfunctionality is integratednto the Wafe packageandcodedin C, which me-
ansthatthe browsergainsperformancdrom the speedof compiledcodewhile main aspects
of the applicationcan still be changedwithout recompilation.The network functionality is
providedthroughthe integrationof the W3C ReferenceLibrary. The presentatiorof HTML
documentds handledby the new Kino widget classwhich providesa flexible andextensible
mechanism for parsing and rendering SGML like languages.

1 Introduction

Currentdevelopmentgfforts in the domainof W3-applicationsconcentrateon server-sideenhancementsihe
reasonfor this is the well definedCGl interface ,which encourageslevelopergo enhancehe server’'scapabili-

ties. The developmenof newfeatureson theclient sideis dominatedby a few companieswhich havethe possi-

bility to integratenewconceptsn their browserproducts. Sofar, the only way of extendingorowsersarehelper-
applications (offering a poor integration with the browser) and plug-ins (being of highly vendor-specific nature).
Therearemanyenhancementsuchasaccesdo new protocols,HTML extension®r peer-to-peecommunicati-

on, which are impossibleto realize this way. As a consequencethe developmenbf suchfeaturesin a Web
browsing environment are mainly in the hand of two or three companies.

As a solutionto this problem,we proposeour conceptof an extensibléeWeb browsercalledCineastlt is freely
availableandcanbe usedasa prototypingenvironmenfor newInternettechnologiesWe achievethis flexibility
by several means:

* We usecompiledcodefor providing the basicfunctionality, but rely on the high-levelWafe [Neumannand
Nusser(1993)] environmento implementthe main featuresof the browser.This conceptis comparableo
that of a 4th generationanguage The Wafe environmenicombinesTcl [Ousterhout(1990)] with MIT’s X
Toolkit [McCormacketal. (1990)](Xt) andprovideseasymeando integratefurther packagesPerformance
critical operationsasfor exampleprotocolimplementationsHTML parsingor renderingareimplemented
in C. High levelfunctionality,asuser-interfacasemantic®r networkrequestoordinations implementedat
the interpreterlevel and canthereforebe modified without recompilation.This featuremakesCineastalso
an ideal platform for experimenting with e.g. mobile code systems.

* W3C’s libwww [Frystyk-Nielsenet al. (1997)] servesasthe basisfor our network protocol functionality.
The integrationof libwww into the Wafe packagegivesus accesgo the functionality of this library, which
is itself of very extensiblenature.For example new protocolsuites, MIME-types or transferencodingscan
be addedin a straightforwardmanner.Thereis an ongoingeffort of the W3C aswell asof otherpeopleto
keepthe library up to datewith currentdevelopmentsThe W3C itself is using libwww as a vehicle for



testingprotocolextensiongsuchasPEP[Connolly et al. (1997)]), which madeit thelogical choicefor our
project. We haveaddedHTTP over SSL supportto Cineastby makinguseof libwww’s protocolextension
mechanism.The networkingand securityfeaturesmentionedhereare describedn more detail in an other
paper [Neumann and Nusser 1997].

« For presentatiorpurposeswe usea widget classcalled Kino [Kdppen (1996)], which was especiallyde-
velopedwith the goal of flexibility andextensibilityin mind. The Kino widget classcontainsa parserfor
SGML like languagesinda renderingenginethatis capableof managingarbitrarychild widgets(calledin-
sets)which canbe createdin responsdo unknowntagsencounteredn the HTML source.Our supportof
the HTML FORM or IMG tagsis completelybasedon this mechanism.The Cineastbrowsersupports
HTML 3.2.

In addition to this, Cineast supports a list of advanced features such as:
* multiple browser instances,
« full support of incremental loading and display (even incremental TABLES),
« multiple simultaneous requests,
« request folding,
e request-wise transfer monitor,
 scroll linking of HTML source text and rendered display,
¢ built-in support for GIF, JPEG, PNG, XPM and XBM images.

The two mainbuilding blocks(libwww andKino) will be presentedn brief belowbeforethe discussiorof Cine-
ast itself.

2 The W3C Reference library

Figure 1 showsthe main component®f the W3C Reference.ibrary andtheir interactionsA moredetaileddes-
cription canbefoundin thelibrary’s documentatiorjFrystyk-Nielsenet al. (1997)] or in the paperpresentedht

the Fifth InternationaMWWWW-conferencdFrystyk-Nielsen(1997)]. The Protocol Manager is usedto coordinate
network accesdor applicationlevel protocols.Note thatthe protocolmodulesshownin Figurel1 arenot part of

the library core,althoughthesearethe moduleswhich are shippedwith the currentversionof libwww (version
5.0a).The Protocol Manager furthermoreprovidesfunctionsfor registeringnew protocols.We madeuseof the

library’s protocolextensionmechanisnby implementingHTTP over SSL [NetscapeCorp. (1996)]. This gives
the Cineastbrowseraccesdo state-of-the-arsecuritytechnologyandallows usto experimentwith new Internet
security concepts.
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Figure 1: W3C Reference Library Architecture

The Access Manager is the main entry-pointfor applicationsinto libwww’s functionality. It comprisesseveral
functionsfor downloadinganduploadingURLSs. Any error messageandwarningswhich ariseduringthis pro-
cess are collected by tBeror Manager and can than be accessed by the application.



The Format Manager takescareof any conversionsof the incoming or outgoingdata. It will handlecontent-
encodingsor character-setonversionsaswell asthefinal presentatiorof a downloadecdbjectto the user,de-
ploying previously registered converters and presenters.

Althoughthe W3C Reference.ibrary comeswith its own Event Manager, this moduleis not part of the socal-
led library core.lt is the Event Manager’'s responsibilityto trigger the protocolmodulesof libwww whenever
datacanbereador written from or to the network. This mightin somecasedlispatchsomeof the previouslyre-
gisteredapplication-levekeventhandlersasfor examplethe requesterminationhandlerwhich notifiesthe appli-
cationof the request’scompletion.In our implementationywe actuallyusethe eventhandlingmechanisnof Xt
which allows us to integratethe handlingof networkand GUI events.This is of crucialimportancefor the re-
sponsebehaviorof any networkapplication- the sameeventhandlingmechanisnshouldbe in chargefor dis-
patching user events and network events.

3 The Kino Widget Class

The Kino widget classis an Xt widget classwritten in C. It implementsparsing,formatting and renderingof

HTML text. But unlike othertools, it is easilyextendiblethroughthe Xt callbackmechanismThoughthe parser
of the W3 consortium’slibwww andother parsersusethis mechanismaswell, the Kino widget classgoesfur-

ther by letting the applicationprogrammeicontrol mostof the internalsof the widget. Amongtheseinternalsare
for examplethelayoutinformation,the HTML sourcetextandmuchmoredetails.Oneof the mostpowerfulfea-
turesis the ability to addinsetsto the HTML text. Theseinsetscanbe any kind of widget, evenanotherKino

widget.

The Kino widget hasto fulfill threemajortaskslike any otherHTML displayingtool: parsethe HTML source
text, arrangethe parsedelementsof the sourcetext and display the elementsFurthermore properhandlingof

incrementalsourcetext completionis an importantfeature.Besidethesepoints, the extendibility of the Kino

widget requires more functionality:

» provide a clean model for accessing the Kino widget'’s internals

e interaction with other widgets

e provide a uniform interface for adding custom extensions to the Kino widget

This functionalityis realizedby threesub-objectsa parsera layouteranda painter.Theseobjectswork on a set
of dataobjects,mainly a list of parsedsourcetext elementgcalled PDataobjects)anda list of layoutedlines
(called Lines structure). Figure 2 shows the interaction of the objects.
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Figure 2: Overview of the Kino Widget Class

The parsetis responsibldor breakingup the sourcetext into wordsandtags,which arethe only recognizecele-
ments.It builds a list of parsedext elementsanadeup of PDataobjects(thesewill be discussedurther down).
Any extensiorof the coreKino widgetclasscaninsertelementsnto this list duringthe parsingprocesssuchas
simple words or more complex style data. The Kino widget itself just adds parsed words to the list.

After the parser(andthe Kino extensionshaveconstructedhe PDatalist, the layouterarrangeghe elements
into displayabldinesusingthe Lines object. The layoutof the HTML textis constrainedy the availablewidth



andthe defaulttext style. The layout procesds triggeredwhenevetthe availablewidth or the defaultstyle chan-
ges. Sincetheseconditionsoccurquite often, the layout processhasto be more optimizedthanthe parsingpro-
cess.Thelayouteritself optimizesthe Lines structurefor the painterby calculatingasmuchpositiondataaspos-
sible. The painterhandlesmostly exposureeventsfrom thewindow systembut is alsousedinternally for transla-
ting screen coordinates to PData elements and source text positions.

The PDataobjectsarethe building blocks of the parsedext. The mostimportantelementsarewords, style and
alignmentdata,table dataandinsets.Theseelementscanbe addedwhena tag is handled.The parseroffers a
programmaticnterfacefor the PDatalist aswell astwo stacksusedfor nestingstyle andalignmentdata.If the
applicationaddsaninsetto the PDatalist, it will be displayedatthe currentpositionon theline or alignedto the
left or right marginsof the text. The Lines structurecontainsthe relation betweenthe PDataelementsandthe
correspondingscreerpositions.lt is usedby the painterto updatethedisplayor to translatescreencoordinateso
source text positions.

The parsingprocesss thefirst point wherethe extendibility of the Kino widgetis implementedwheneveratag
is encounteredthe tag callback(a resourceof the Kino widgetwith the namet agCal | back) is invoked.The
Kino widgetitself doesnot processhe tagsfurther,sothetaskof handlingthe tagsappropriatelyis up to the Ki-
no extensionsTheseextensionganregistera callbackfunctionfor the tag callbackusingstandardXt functions,
which makesthe coreKino widget quite simple. The tag’s attributesandtheir valuesare passedisa parameter
to the callback functions.

The standardKino extensionsmostly add text or style data.But by addinginsetsto the PDatalist with the
XkAddl nset commandmore complexcompounddocumentsanbe constructedTo demonstratehis feature
the Kino widget is extended to handle le0CK tag from Tcl:

proc handleTag {w tag atts} {
switch -exact $tag {
CLOCK {
XkAddl nset $w [CO ock c $w \
wi dt h 100 hei ght 100 \
update 1 background pink] bottom

}

This tag handler adds a Clock widget whenever the Gg>)CK> appears in the source text. A text like

<H1>Cl ock Exanpl e: </ H1>
If you are using the Kino wi dget, you should see a cl ock
<CLOCK>

producesoutputasseenin Figure 3 wherethe Clock widget displaysthe currenttime and updatestself every
second.

Clock Example:

If you are using the Kino widger,
wou should see a clock

Figure 3: A Clock Widget as an Inset

Another featureof the Kino widgetis its ability to changehe HTML sourcetext "on thefly", e.g.the Kino wid-

getletsthe applicationprogrammerchangehetext after the currentparsingposition(tag rewriting). By this me-
ansit is easyto implementa configurablefilter that producedifferentHTML documentslependingon a style
guide.Anotherpossiblescenarids a client-sideinterfacethatallows any scriptto insert(andchange}he source
text, e.g. as a result of a database query, or one can handle semantic tags this way.



A semantic mark up like

<PERSON>Cust af Neunann</ PERSON>
<AFFI LI ATI ON>Uni versity of Essen, Germany</ AFFI LI ATI ON>

can be processed can result in an appearance like
Gustaf Neumannis a Persomand works folUniversity of Essen, Germany
by defining the tag procedure in the browser like

proc tag {wtag atts} {
switch -exact $tag {
AFFI LI ATI ON { XkChangeCurrent Text $w "and works for <I>" 0 }
[ AFFI LI ATION { XkChangeCurrent Text $w "</1>" 0 }
PERSON { XkChangeCurrent Text $w "<B>" 0 }
/ PERSON { XkChangeCurrent Text $w "</B>is a Person " 0 }

}
}

4 The Cineast Browser

For bettercodereusewe decidedto useOTcl [WetherallandLindblad (1995)] ratherthanTcl asthe baseimple-
mentationlanguageof the browser.Severalclasseareusedto implementthe functionality. A Request Hand-

| er handleghelife cycleof arequestjt hassub-classefor requestfor HTML textsandimages . Sinceimages
are implementedbasedon the insetcapability of the Kino widget class,| mage inheritsfrom both Request -
Handl er (in order to control the transfer of the file) anddget (to display the image).

The Request Manager classkeepstrackwhich requestsareactive per browserinstanceandabortsrequestsf
necessaryTheHi st or yManager classhandleshe historyof URLs for the handlingof the BackandForward
buttons as well per browserinstance.Finally the dialog classesare for mai | t o: tags(Mai | Di al og), for
HTML sourcebrowsingandediting (Edi t Di al og) andfor the transfermonitor (Tr ansf er Di al og) which
display transferstatisticson a per requestbasisand allows terminationof singlerequestsA screenshobf the
Browser is shown in Figure 4.

5 Conclusions and Future Work

With Cineastwe presenta flexible webbrowsermwhichis implementedn OTcl andbuilt ontop of the Wafe en-
vironment. We use libwww for networking functionality and a highly flexible widget classnamedKino for
HTML rendering.Our basicthemeis that we try to combineandto configureefficiently implementedibrary
functions(typically in C) in anasflexible aspossibleway usingTcl. Theflexibility of Tcl (andOTcl) allowsto
reducethe developmentime for the sometimeslaborateconfigurationsof the usedcomponentandto concen-
trate on the applicationtasks.We believethat our environmenis one of the mostpowerful andflexible imple-

mentation environments for Web client development currently available. It is straightforward to extend it for:

« electronic commerce (experiment with various electronic payment approaches),

« non-standard Web client extensions (such as mobile code, peer-to-peer document exchange),

» for thedevelopmenfor embeddedr specializecdbrowserge.g.for certainapplicationdomains)andimpro-
ving Web accessability for user groups such as handicapped persons, or as a

 platformfor anIntranetdevelopmenenvironmenisupportingenabledorms, applets databas@accessinte-
gration of push-model (email) and the pull model (WWW)), etc.

Our environmentincorporateshe basic security infrastructurenecessarfor such projectstogetherwith non-
standardtechniqueqsuchasfull tag handlingandtag rewriting or insets)which provide more flexibility than
plug-inscanoffer. Futurework includesthe useof style sheetdike CSSandtheimplementatiorof XML to fur-
ther enhance flexiblity.
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Figure 4: The Cineast Browser
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