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Abstract

Theee is a trend of increasingsizeof websitesand in-
creasingcompleity of webpagesby dynamiccontentin re-
centyears. Currently available web navigationmodeling
tools are unableto copewith the needof modelingthese
contempoary websites especiallythosewith dynamiccon-
tent. This needis analyzedn this paperand a webnav-
igation modelbasedon statetart is proposedo meetthe
requirrmentsThemodelwill serveasatool for the model-
ing and analyzingnavigationof complex and dynamicweb
sites.

1 Intr oduction

The exponentialgrowth of the World Wide Web and
electroniccommercein recentyearsgive rise to a need
of modelingandanalyzingthe browsing semanticof web
sites,which have increasedn sizeand compleity. As in
ary othersoftwaredevelopmenta detailedmodeleasede-
velopmentand maintenancef the web site. In addition,
themodelcanhelpin theanalysisof navigationin themod-
eledwebsite. Undesirablesituationscanbe identifiedand
eliminated andimprovementcanbemade.

Modelingwebnavigationmaynotbeaseasyasit seems.

Web pageshasevolved from simpletext, graphicsandhy-
perlinksafew yearsagoto the contemporarglynamicweb
pageswith variesextensionsandscriptsandclient sidepro-
gramsembeddedPreviousworkson modelingwebnaviga-
tion [15, 11] treatsthewebasakind of hyperdocumerdnd
canonly supportmodelingof simpleandstaticweb pages.
Comple&, dynamiccontemporaryvebpageswhicharethe
mostin needof modeling,cannotbe modeled.In this pa-

per, we will employ statechar{3] to solve this problemof
modelingwebnavigation. As ouraimis to modelwebnav-
igation, presentatiordetailsof web, suchassize, position
and color of web pageelementsalthoughare also of im-
portanceto the humancomputerinteraction,will be out of
scopefor this paper

In Section2, webnavigationandmodelingwill beintro-
ducedalongwith backgroundnformationon StatechartA
detailedanalysison differentkinds of web navigationwill
be presentedn Section3. Our model of web navigation
will bediscussedn Section4, anda conclusionof this pa-
perwill begivenin Section5.

2 Background
2.1 Web Navigation

With thewidespreadcceptancef theWorld Wide Web,
hypertet [13], which is the information structureusedin
WWW, hasbecomethe de facto standardof information
storageand retrieval in the Internet. The WWW can be
viewedasthe collectionof web senersthatcommunicates
with web browserusingthe connectionlessiTTP protocol
in request-replypairs, and streamout the requestecton-
tent written in the Hypertext Markup Language(HTML).
HTML hasevolvedovertime andwith otherWebtechnolo-
gies,andthuscreatedsomenavigationfeatureghatarenot
availableby hypertext alone.

In WWW, Web pagesand links replacesinformation
fragmentsandrelationshipsn the hypertext model. Users
navigatefrom a web pageto the otherby clicking on a hy-
perlink. In additionto this basicnavigation method,var
ious client side scriptsand programs,such as Javascript,
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VBScript, JAVA and ActiveX, provide otherwaysto con-
trol traveling betweendifferentweb pageswithout click-
ing alink. DynamicHTML, ActiveX componentsrealso
widely employedto changethe contentand hyperlinksof
thecurrentlydisplayingwebpage.

Concurrentisplayof webpagess possibleby theuseof
framesandwindows. Synchronizatioretweerthe concur
rently displayedweb pagescanbe achiezed with functions
of theclientsidescriptsandcontrolprogramsDetaileddis-
cussioron navigationof webpagess in Section3.

2.2 Web Modeling

It is not hardto realizethatthe complicationsaddedby
the above discussedveb featuresmakesthe web pageand
links not necessarilya directmappingfrom theinformation
fragmentsandrelationshipsn hypertext. Somodelingtech-
niguesusedin hypertet [13, 16] maynotbedirectly appli-
cable. Theresearchesn web modelingare comparatiely
few to thehypertext modelresearches.

Conallen [2] discussedusing the common behaior
packagein Unified Modeling Language(UML) [10Q] to
modelthe businesdogic in webapplications Client pages,
Sener pages,Formsand Framesare definedas classesn
UML, with their contentamodeledasstereotypeattributes
of theclass.Links betweenwebpagesaremodeledasasso-
ciationsbetweerthelinkedclassesThemodelingis viewed
from theperspectie of businesdogic in structureandfunc-
tional view, so someuserinterfaceattributesaffecting pre-
sentatiorandbrowsing semanticareintentionallyleft out
from this model. The suggestednodelingmethodcanbe
usedasa complimentto our modelto supplyinformation
aboutbusinessogic.

On the sametrack with us, HMBS [15] (Hypertext
Model Based on Statecharts)uses statechart(see sec-
tion 2.3) asa modelingtool. HMBS aimsto supportbe-
havioral modelingin the designof hypermediaby the sug-
gestedmodel. An hypermediauthoringtool is alsodevel-
opedto achieve this goal. In the model,hypermedigages
are mappedto statesin statecharby a mappingfunction
M, which canbe alteredfor differentstatechartdo make
abstractiorof physicalpagesossible.M is held staticfor
a particularstatechartand cannotbe changedduring nav-
igation. This freedomin definition of M may be feasible
in hypermediauthoringasthedesignercandefineM arbi-
trarily, andthenall developmenthereaftemwill adherdoiit.
Problemarisesf multiple partieswish to modelanexisting
setof hypermedigagesasit is hotclearthathow M canbe
definedn aconsistentvay by differentmodelerstheremay
bevastdifferencebetweerresultantmodelsof the sameset
of web pages.We will solve this problemby providing a
consistentvay to mapwebpagesn our navigationmodel.

HMBS is more concernedwith the hierarchicalstruc-

turing of hypermedigpageshanothernavigation methods
betweenpages. Visibility level L is definedto managehe
visibility (state)of hierarchicalpagesduring hierarchical
navigation. All othernavigationmethodsaregenerallyde-
scribedas eventsrepresentindransitionof stateswith no
detailson differentkinds of eventsgiven. Treatingall kinds
of eventsequallywill introducedifficultiesin modelingdif-
ferentkinds of hyperlinksin the web, suchasbetweenan
ordinary hyperlink and a sener side script which actson
parametersentalongwith the hyperlinktransition.We an-
alyze andidentify differentwaysto modeldifferentkinds
of hyperlinkin Section3 and4.

It is alsonotclearthathow cantheHMBS modelsupport
modelingof dynamichypermedigageswhichareusedex-
tensiely in contemporaryebdevelopment Evenwith the
changeablenappingfunction M, it is impossibleto model
physicalhypermedigpagesthat changegheir contentdur
ing navigation, or containgdifferentcontentwhendifferent
links are used(events)to enterthe page. This is because
M mustbe held staticin a navigation session.This is es-
pecially true for thosepageghat changegheir links (tran-
sitions)to otherpageqstates)uring navigation, makinga
staticmappingfrom physicalpagesandlinks to statesand
transitionsimpossible. In follow up works of HMBS, the
modelingfocus had shiftedto timing and synchronization
of multimediacontentin hyperdocumentgl1, 12], andthe
developmenbf hyperdocumenduthoringsoftware[14], so
the above problemsstills remainunresoled. In Section4,
we will discussedhow to overcomeall thesedifficultiesby
our navigationmodel.

Thereare also someresearchesn hypermediamodel-
ing, whichis the modelingof multimediahyperlinked con-
tents. HMData[6] is an objectorientedmodelingmethod
for storageandretrieval of hypermedia.This modularap-
proachdiscouragedinkagesbetweenindividual elements
of differentmodules,and may not be suitablefor the web
whereextensve, spaghettiinkagesbetweenweb pagesof
differentsitesis the norm. EFSM[7] is an extendedfinite
statemachineto modeltemporalsynchronizatiorof tem-
poral interactve web content. The analysisis mainly fo-
cusedin synchronizationandthe modelmay be blown up
to unmanageablsizeif the quantityof mediais large and
linkagebetweemediaextensive, dueto the natureof finite
statemachine.

Anotherapproachingo modelthe navigationof theweb
is by using web pagecontentin addition to their intra-
linkages[1, 9]. Thegeneralideais to usethe contentsim-
ilarity betweenpagesto structurethem, providing a better
understandingndsensef orientationfor theuserof thein-
formationspace Thesemodelsgive generakhapeof thein-
formationspaceprowsingthe webpagesn an“overvien”
mode,andis not suitablefor analysison browsing seman-
tics betweerindividual pages.



Figure 1. XOR grouping of states

2.3 Statechart

Statecharts first proposedby Harelin 19873, 5]. It
is avisualformalismto extendstatediagramdor modeling
of complex systemghatinvolveslarge numberof concur
rentstatessynchronizationsindactiontriggers. Thereare
numerousxtensiongo statecharto supportdifferentmod-
elingneedswewill introducethebasicandtherelevantpart
of statechantve usedin this paperhere.

A statechartcan be defined as the basic set of ele-
ments: states,transitions,primitive events,primitive con-
ditionsandvariables plusthe extendedsetof events,con-
ditions, expressionsindlabelsandtheir inter-relations[5].
S is definedas the set of states. A hierarchy function
p : S — 25 is definedto map eachstateto its sub-
states. p(s) = 0 meanss is a basicstate. A type func-
tiony : S —» {AND,OR} defineswhethers € S is a
composedAND / OR stateor not. H is the setof history
symbols It is relatedto S by afunctiony : H — S. The
defaultfunction § : S — 25“H definesthe initial states
in S. V, is definedasthe setof variablesandthe set of
expressionsV/, is definedon V,. Thesetof primitive con-
ditionsis definedasC), with thesetof conditionsC defined
onit. Similarly, E, andE aredefinedasthesetof primitive
eventsand eventsrespectiely. A is definedasthe setof
actions L = E x A isthesetof labelson transitions.The
setof transitionsT, is definedasT c 2% x L x 25YH,

For clarity, statenameswill be shavn in bold andevent
labelswill beshavn in sans in this paper

Likeastatediagram astatechannodelstartsn aninitial
state.Whenaneventhappensthe systemwill transitto the
next stateby a transitiontriggered(labeled)by that event.
An optionalactiity canbe addedo thetransitionlabel,in-
dicatingthattheactiity will take placewhenthetransition
happensThetriggeredactiity canin turn recevedby the
systemasanothereventto triggerothertransitions.

Statecanbe groupedtogetherby XOR for efficient use
of transitionarrons. Figure 1 shaws the savings from the
expanded(a) to the more concise(b). The systemcanbe
exclusively in stateA OR B. Concurrentstates like inde-

Figure 2. AND grouping of states
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Figure 3. Abstraction of states

pendenimodulesin a systemcanbe modeledby orthogo-
nal AND of sub-stateshatexist concurrently(Figure2). In
thefigure,beingsub-statesf thecomposedtateA, Al, A2
andA3 maintaingheir own state.

Abstractionof statechartanbe doneby hiding details
of sub-stateskigure3ais abstractedo Figure3b by hiding
the detailsof the XOR sub-states.The stubbedtransition
arron of e2 representshat the transitionis available from
someof thesub-statesf A only. Theselectconnectve can
beusedto reducethe numberof transitionarrons. Eventse
in Figuredbis definedasthedisjunctionof eventsel, e2 in
Figureda. e replace®l, e2 by pointingto the selectcon-
nectve, meaningthatA will transitto B1 or B2 depending
onel ore2 happened.

Figure 4. Select connective
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Eventscan affect statesglobally. This global effect of
all occurredeventis describedasbroadcastingf eventsto
all partsof the system.All actities/eventsareconsidered
instant(zerotime), so synchronizatiortanbe supportedy
thetriggeringof somelimiting eventsonall concurrenpar
titions.

We will alsousethesuggestegarameterizedR exten-
sionto statecharf{3] for situationswherelarge quantity of
similar statesareencounteredFigure5). Evente will hap-
penwith a parameteparam In B, paramwill be evaluated
andthe systemwill transitto the appropriatestate,out of
thegroupof statesstate param basecn this evaluation.

There are problems of undetermined state when
events/actiity aredefinedaszerotime, asdescribedn [3,
5, 8]. We will take the micro-stepapproach8] to solved
this problem.

3 WebNavigation Analysis

3.1 WebPage

A webpageis definedasthesequencef HTML replied
by the web sener to a client making a requestof a URL
through HTTP. Other navigation related materialsin the
webpage suchasscriptsandclient sideprogramsarecon-
sideredcomponent®f the web page. Non-navigation re-
latedmaterials suchasgraphicsor audioclips containedn
thewebpage arenot consideredn this analysis.

A static web pageis a web pagethat retainsthe same
HTML for all the clientrequest®f the sameURL. It must
alsocontainno reactive or executablecomponents.

A dynamicweb pageis definedasa web pagethat re-
turnsdifferentHTML for client requestf the sameURL
(sener side dynamics),or containsreactize or executable
componentgclientsidedynamics).

3.2 Hyperlink

Navigation in the WWW is doneby activating hyper
links. Hyperlinksaredirectionallinks betweerasourceand
atargetwebpage which canbethesamepage solinking to
differentsection®f thesamewebpageis possible Whena
hyperlinkis activated the currentweb pagein view will be
replacedy thetargetwebpage.A hyperlinkcanbein form
of text strings,graphicsor video, activatedexplicitly by the
userspusingamouseclick for example.Hyperlinkscanalso
beincludedin client sideprogramg scripts,to be invoked
automaticallyby the browser on somepredefinedevents.
Examplesof theseeventsincludestimeout, mousemove-
mentsand window focus. As in hypertet, the sequence
of hyperlink activation, no matterby mouseclick or other
events,is the navigationpath.

3.3 Webbrowser effects

In additionto thenavigationprovidedby hyperlinks web
browserscanprovide additionalnavigationfunctionsthatis
out of control of the web pages,suchas scrolling, back,
forward buttonsanda historylist. We do notintendto dis-
cussionthis form of navigationhere,soweb navigation by
webbrowserfunctionsareout of scopefor this paper

3.4 Intra-page Navigation

Thisform of webnavigationinvolvesonly onewebpage.
In a web page,hyperlinkscanbe definedto target differ-
entsectionsof the sameweb page. Usercanalsoscroll to
differentsectionsof the pageif the pageis displayedin a
scrollbarenabledframe or window to obtainthe samere-
sult.

3.5 Inter-pageNavigation

This mostcommonform of webnavigationis by activat-
ing a hyperlink on a sourceweb page,to jump to a target
webpagewhich the hyperlinklinks to.

3.6 Frame-basedNavigation

Framesinside a browser window makes concurrent
viewing of web pagegossible(Figure6). A browserwin-
dow can be divided into frames,eachcontaininga sepa-
rateweb pagefor viewing. The containedweb pagescan
be anothemweb pagecontainingframes. Navigationwithin
a frame can happenindependently Navigation out of a
framedweb pagecanalsobe doneby activating a hyper
link thatspecifieghetarmetis to replacethe whole framed
page. All framesin a window are createdand destryed
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together Framescanbe setscrollableor unscrollableand
eachframemaintaingts own scroll positionindependently
Web pagesin differentframescanaffect eachotherby
using client side scripts or programs. Changeshat can
be doneincludespresentatiomppearancandchangingthe
webpagedisplayingin anotheiframe. Scriptsandprograms
in differentframesmayalsointeractwith eachotherto cre-
atecomplicatedeactive behaior.

3.7 Navigation of Multiple Windows

Multiple browserwindows canbe usedto supportcon-
currentviewing of web pagesin anotherway (Figure 7).
Windows differsfrom framesin the sensethatthey canbe
createdor destryed independentlyat differenttime, and
they aremanagedy the operatingsystemsvindows man-
ager Client side script and programscan affect multiple
windowsin the sameway asin multiple frames.

3.8 Dynamic Content

The contentand hyperlinksof a web pagecan be dy-
namicwhile viewing. Therearetwo levels of dynamics,

clientsideandsener side.

3.8.1 Serwer Side

An exampleof this kind of dynamicweb pageis thesearch
resultpageof asearcltengine.Whendifferentsearchstrings
are entered differenthyperlinkswill appearin the results
pagedependingn the keyword inputedin the search.This
kind of dynamicwebpagegenerations usedextensvely in
the WWW today

This is doneby the web sener giving out differentweb
pagedo request®f the samehyperlinktarget(sameURL).
Usersactivatingthesamehyperlinkof thesametargettwice
may not getthe samereturnedHTML. Sener side scripts
andCGl programganbeusedto generatéhesevebpages.
A templateis usedto definethe structureof the document
and contentis filled in run time. This makesthe returned
web pagehave similar structurebut with differentcontent
andhyperlinks. Note that every scriptor programcanuse
morethanone web pagetemplateand every templatecan
be usedby morethanonescriptor program.

Sener side dynamic pagegenerationcan also employ
web forms, asin the above searchengineexample. The
sourceweb pagewill containa form with data,whenthe
formis submittedandthenew pagerequestedheform data
is sentalongto the web sener anda newv web pageis re-
turned.Thisis equivalentto activatinga hyperlinkwith run
time generategharameter thesourcewebpageandthen
a propertarget web pageis constructedn the web sener
andreturnedbasednthe parameters.

3.8.2 Client Side

An exampleof client sidedynamicweb pageis a Java pro-
gramonawebpage.TheJavaprogrammayhaveascrolling
list of hyperlinks thoselinks scrolledout of view cannotbe
activatedwhile thosenewly scrolledinto view canbe acti-
vated.

In theseclient sidedynamicpagesthetargetof ahyper
link canbedynamicallydefined,enabledor disabledwhile
awebpageis displaying withoutcontactinghewebsener.
Basedon userselectionsor other externalfactorssuchas
currenttime, thetargetof a hyperlinkcanbedifferentwhen
it is activated. This kind of web navigationis supportedn
variousclient sidescriptsandprogramssuchasJasaScript
andJava. Thesescriptsand programshave their own state
andreactive behaior, andcanaffectthecontentandnaviga-
tion of the hostingweb page.They cannotexecutewithout
ahostingwebpage.

A specialpropertyof theseclient side scriptsand pro-
gramis thattheirlife time is the sameasthewebpagehost-
ing them.If thewebpageis replacedy anotheror window
is closed,all the attachedscriptsand programswill beter
minatedmmediately
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4 Mapping from Web Navigation to State-
chart Modeling

In this sectionwebnavigationwill bemodeledby using
Statechart.In general,web pagesand their accompanied
clientprogramsandscriptsaremodeledasstatesn the Stat-
echart,andthe hyperlink betweenweb pagesare modeled
astransitionsgovernedby the eventsthattriggersthetran-
sition. Only the navigation relatedelementsare modeled
to suit our goal. Becausef the compleity of the contem-
porary WWW, the modelingscopewill first be discussed,
thenwe will introducemodelingof webnavigationthatap-
pliesto all web pagesfollowed by web navigation model
extensiondor dynamicwebpages.

4.1 Modeling Scope

In the web ervironment,it is not possibleto modelall
web pageshyperlinked directly andindirectly to the pages
we areinterestedn. This is becausdherearerarely ary
“deadend” of webpageghatdo not have ary hyperlinkout
of it, so by simply following hyperlinks,one cannavigate
to somemillions of web pagesWe musttherefordimit the
scopeof the systemunderdescription.

Thesetof webpagedhatareof interests firstidentified,
thenthescopeof the systemunderdescriptionis limited to
ary web pagethat belongsto the setor is directly hyper
linked by any web pagebelongsto the set. As shown in
Figure8, someweb pageswith their hyperlinksarerepre-
sentedby a simpledirectedgraph. The interestsetis first
identifiedasweb pagesP1 to P5. Theimmediatelylinked
pagesareQl andR1 Sothe systemunderdescriptionin-
cludeswebpagesL1,P2,P3,P4,P5Q1,R1

Thereasorto includethis extra “layer” of pagesn the
modelis thatnavigationpathsleadingout of theinterestset
of pagesds alsoimportantfor navigationmodeling,asthey
actasthe“exit” of thesystemandthedestination®f these

exit pathswill alsobeof importance.

By the sameprincipal,it is arguablethatweb pageghat
lead into the interestsetshouldalso be modeled. But by
thedirectionalnatureof hyperlink,thetargetwebpageof a
hyperlink cannotknow whatis the sourceweb page. Soit
is impossibleto identify whichwebpagesif ary, leadsinto
theinterestset. Moreover, afterarriving at the interestset,
the“entrancepage”is of nomorevalueto navigationashy-
perlinkis not bi-directionalandthereis no way to navigate
backto it. If, however, thereis alink backto the“entrance
page”in theinterestset,that“entrance”will bemodeledas
anexit path.

Exit pathdestinationpagesaremodeledasbasicstates.
Note that theseexit pagesare not necessarilyterminal
states unlessevery componenbf the systemhasentered
theseexit pagestatesthesystemcancomebackfrom these
states.SeeClient Sidein Section4.2.5for an exampleof
re-enteringo otherstatesrom anexit pagestatefor partof
thesystem.

4.2 Web Navigation Modeling

4.2.1 Intra-page

For intra-pageweb navigations,whenscrolling is not pos-
sible (eitherlimited by a shortpagelengthor by intention-
ally disablingthe scroll bar) and thereis no self targeted
hyperlink,the web pageis modeledby an basicstate(Fig-
ure9a).!

In othercasessub-statesre usedto representhe dif-
ferentpositionsof the web pagein view. We first define
jp(target, pog is the eventto jump to positionposof atar
getwebpagetargetby a hyperlink. Bothtargetandposare
definedas primitive variablesin the statecharmodel. The
eventof activating a self targetedhyperlinkis modeledby
settingtargetto thecurrentwebpage.Thepageis modeled
asa composedstateand every possiblebrowsing position
of the pageis modeledasa possiblesub-stateof the page.
Whenthepageis in aparticularsub-statefurtherintra-page
hyperlinkjumping eventswill causeit to leave the current
sub-statdo the new appropriateone by the selectconnec-
tive in Statechart.The propernew sub-statds selectecby
the value pos(the new displayarea)of the eventto reflect
thenew browsingposition(Figure9b).

4.2.2 Inter-page

This is a moretrivial kind of mappingfrom hyperlinksto
statetransitions. Abstractionis done here on individual
pagesin composedstate, detailsof sub-statesare hidden

1The web pages which Figures 9-16 modeled are located at
http://lwwwcsis.hku.hiktswflow/wwv/ with their respectie filenameas
shown in the Figures. Readersanrefer to themto experiencethe navi-
gationmodeled.
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for simplicity. Every hyperlinkfrom one pageto the other
is representedby a statetransitionarraw, the hyperlinkac-
tivation is the event that triggersthe transition. If multi-
ple hyperlinkson aweb pagepoint to the sametarget, they
areconsiderecequivalentand only onetransitionarrow is
neededo representhem. The hyperlinkscanbe available
from all pagesub-stateg¢Figure10a)or only availablefrom
someof them (Figure 10b). Targetof the hyperlinkis al-
ways one of the sub-state®f the target web page,so this
can be representedby defaulting to the selectconnectve
(Figure10c). The changeof staterepresentshe changeof
displayingcurrentweb pageto the targetweb pageof the
hyperlink.

The XOR decompositiorof Statecharplaysanimpor-
tant role hereto simplify the diagram. Web pageshav-
ing hyperlinks of commontarget can be grouped. The
modelof a commontree-like menustructureof web pages
is shawvn in Figure 11ato illustratethis. jp(menu,po9y of
productA.html and productB.html are groupedtogether
to berepresentetly onetransitionarrow.

The selectconnectve canalsobe usedto groupall hy-
perlinktargetsof apage.In figure11lb,menu.jp eventfrom
statemenu.html is definedas the disjunctionof the two
lower level eventsjp(productA,pog andjp(productB,pog
in figure 11a. This definition shouldaccompaw the state-
chartsoexpansiorbackto Figurellais possiblef desired.

4.2.3 Frame-based

A webpagewith framesis modeledastheorthogonalAND
of the stateof its frames(Figure 12). An optional state
name suchasframel, frame2 andframe3in thefigurecan
be givento eachframe.frame2 andframe3, having two or
morepossiblesub-stateshasa default stateto indicatethe
defaultweb pageloadedin thatframe. Thisis indicatedby
thedefaultarrow in the StatechartThe sub-statesanbe a
simpleweb pageor anotherframedpage,Navigationfrom
a framedweb pageto anothermpagecanbe modeledasthe
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Figure 10. Inter-page Hyperlinks
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Figure 11. Inter-page Modeling
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Figure 12. Modeling framed page

Figure 13. Synchronization in Frames

eventjp(next, pog in Figurel2.

Synchronizatiorbetweerframescanbe doneby events
of clientsidescriptsandprograms Most of theeventsgen-
eratechave oneintendedeceverto synchronizevith. This
synchronizatioris modeledby event broadcasibf State- e o generate
chart.Everyeventis recevedby all framesto reactupon,so Producs_Nasca
thattheir statescanbe synchronizedy events. The differ-
encebring aboutby usingbroadcasin the statechartnodel - Eroduer
insteadof unicasteventscan be solved by addingthe re- -
ceiver'sidentifierto theeventnamewhenmodeling,sothat
evenif theeventis broadcastedynly theintentionalrecever
will actonit. Othercomponentganrealizethe eventis not
for themanddiscardit.

Figure 13 demonstrateshis. A web pagenext.html

Click a product on the lef to display its detailed
information and photo gallery

needsto have its productinformation and photo gallery i T oo ) 4
displayedin synchronization. A menu frame is used menu frame photo frame

for displaying information of productA and productB.

A photo frame is usedfor displayingthe photo gallery Figure 14. Initial State of Figure 13

of the currently displaying product. Synchronizatiorbe-
tweenthedisplayingproductandits photogalleryis by the
jp(target, pog events(Figure 14). Initially, the pageis in
the sub-statesnenu.html and general.html. Whenevent
jp(productA pog happensframemenutransitto statepro-

ductA.html andframephoto transitto statephotoA (Fig- _P;'ot_lu;t_A -
ure15). In photoA, the photogallery of productA canrun Informatior
by the eventsjp(2, pog andjp(3, pog. Thetwo framesare {hack to memn)
synchronized Eventsjp(productB,pog andjp(menu,pos ; deserpton
performssimilarly. s
4.2.4 Multiple Windows Description
Concurrentviewing of web pagesby multiple windows is Clothclad duck et e
modeledby using a separateStatecharfor eachwindow. S T
I

Thisis modeledin Figure16. The systemfirst startedwith
onewindow mainWh. Wheneventjp(next, po9 happened,
a new window is pODDEdUp Containingads.html. Thisis Figure 15. After event jp(productA,pos
representely specifyingthenameof theanotheistatechart

adsWh (which is of the newly createdwindow) asthe ac-

menu frame photo frame
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Figure 16. Modeling Multiple Windo ws

tion of the event. They arenot modeledasorthogonalAND
becausaotall of thewindowswill co-exist all of thetime,
eitherby designor by usermanuallycreatingor closingnew
windows, sotherearetimeswhenthe systems notin all of
the sub-statesimultaneously
Synchronizatiorbetweenwindows is still possibleby
the samemechanismasin frames. Eventscanbe directed
to a differentwindow thanthe generatingone. Modeling
this synchronizatioris doneby “broadening’the effect of
broadcasbf eventsto every Statecharin themodel.

4.2.5 Dynamic Content

Dynamicweb pagegyive rise to difficultiesin web naviga-
tion modeling,asnot all statesareknown in advance(asof
staticwebpageshndthesizeof thesetof possiblestatecan
beverylargeevenif known. Thesetof possiblenavigation
pathsof thesedynamicpagescan also be dynamic. The
followings discussthe modelingmethodof thesedynamic
relationships.

Server Side

To modelsenersidedynamiccontent;t isimpossibleo
list out every possibleresultpageasa separatestatein the
modelbecausef the sheerquantity parameterized-ORs
usedhereto solve the problem. All pagesgeneratedrom
the sametemplateareconsideredo be a singleparameter
izedstate(result.html - Figurel7). A new eventsm(target,
param) is definedastheactionof sendingoutapagerequest
totargetwith parameterparam Bothtargetandparamare
primitive variablesin the statecharmodel. Therewill bea
setof possiblereturn pagesandthe one actually returned
will be selectedor generatedising param by sener side
programsatruntime.

Hyperlinks leading out of the parameterizedstate

sm(result, str)

search.html result.html

RS

str search result

jp(search, pos)

> result.jp

Out of Stock

product p "

Figure 17. Server Side Dynamic Pages

have two types. For the hyperlinksthat are presentin all

parameterizegages,the parameterizedet of web page
canbe treatedas a single statewith the transitionleading
out normally as shavn by the event jp(seach, pog from

result.html. For all other hyperlinks,if their quantityis

too large or cannotbe predetermineda disjunctionof all

theselower level events needto be definedto connect
to a selectconnectve. In Figure 17, the event result.jp

from result.html is definedas the disjunction of events
sm(order, p) andjp(outOfStok, pog, whichin turn repre-
sentsjumping to the order pageof the selectedproductp

anda Outof Stod pagerespectiely.

Client Side

We are not concernedwith the statechangein client
side scripts and programsthat do not have ary implica-
tion on navigation. Sothey are modeledasary otherex-
ecutableobject that maintainstheir own state by State-
chart[4]. Outweb navigation modelwill not cover mod-
eling of executableobjects. The Statecharbbtainedfrom
executableobjectmodelingis orthogonalAND-ed with the
web pagestatewhich hoststhe script or programto form
the new composedstaterepresentatiorof the page. Be-
causehescriptsandprogramsareinitialized anddestryed
with thehostingwebpage thesystemwill bein all of these
sub-statesoncurrently This is similar to the modelingof
frames but sub-statesf a client sideprogramarenot web
pagestatesandtransitionsarenotfrom hyperlinkactivation.
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They areprogramstatesandeventsinstead.

On the navigation aspectsthesescripts and programs
canpostconstraingenable/disabledn the hyperlinks,this
is naturallymodeledasconstrainon the transitiontrigger
ing events. Dynamicdefinition of hyperlinktargetis mod-
eledby variablesof transitions. target of a hyperlinkis a
variablein the model,which the scriptsand programscan
changethe value at run time and achieve the effect of dy-
namicallydefininga hyperlink. Note thatsomescriptsand
programscanpostconstrainson hyperlinksof pagesother
thanthe hostingpage.

Figurel8illustratesthis. Thesystenstartswith thestate
agreement JScriptis usedwith a checkboxto male the
useragreeto sometermsandconditionshbeforeproceeding.
Thisis modeledby theconstrairontheeventjp(menupos.
TheconditionJScript.in(agreed)is trueonly if thesub-state
JScriptis in agreg andthetransitionis allowedonly if this
conditionis true.

In menu, a JAVA menu,embeddedn menu.htmljs dis-
playedin separatdrameswith theinformationpagesA, B
andC. The JAVA menuis modeledas an orthogonalsub-
stateof themenustate.It will first shov anopeninganima-
tion wheninitialized, andwill proceedo displaythe menu
itemsaftertheanimationhasendedpr whentheuserclicks
amousebutton.

Actionsin statedisplay menu shavs how the JAVA pro-
gramcontrol navigation on anotherframe. Whena mouse
click eventis recevedby the JAVA program,it will replace
the currentcontentof the display framewith the pagethe
currently highlighteditem represents.This is modeledby
theactiondisplay.jp(target, po9 of theeventmouseClick.
mouseClick in differentstateshighlight A, highlight B,

highlight C will give a differenttargetto the action,and
thisactionwill berecevedby thedisplay stateasa eventto
triggertransition. The namedisplayis insertedbeforethe
jp(target, po9 eventto preventambiguity

Regardingthe scopeof systemunderdescription,note
thatsome or all of A.html,B.htmlandC.htmlcanbeoutside
the interestset. Control actionsfrom the JAVA program
male it possiblefor the systemto returnfrom thosestates
evenif no hyperlinkleadingout of themis modeled. This
shavsthatthey arenotterminalstates

5 Conclusion

We have pointedout previous hyperdocumenmodeling
techniquesf web navigation cannotmodel dynamicweb
navigation,whichis usedextensiely in contemporaryveb
pages.Most of theseprevious modelsonly addressyper
media,without the supportfor dynamiccontent. We ana-
lyzeddifferentkinds of webnavigationmethodsandaweb
navigationmodelingmethodusingstatecharts proposedo
provideamorecomprehensiemodelingof webnavigation.
This new modelprovidesa simpleway to modelcomple,
dynamicweb navigation. Futureworkswill be carriedout
onrefinemenof the modelandtheanalysisof web naviga-
tion usingthe model.
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