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Abstract

There is a trendof increasingsizeof websitesand in-
creasingcomplexity of webpagesbydynamiccontentin re-
centyears. Currently availablewebnavigationmodeling
tools are unableto copewith the needof modelingthese
contemporarywebsites,especiallythosewith dynamiccon-
tent. This needis analyzedin this paperand a webnav-
igation modelbasedon statechart is proposedto meetthe
requirements.Themodelwill serveasa tool for themodel-
ing andanalyzingnavigationof complex anddynamicweb
sites.

1 Intr oduction

The exponentialgrowth of the World Wide Web and
electroniccommercein recentyearsgive rise to a need
of modelingandanalyzingthebrowsingsemanticsof web
sites,which have increasedin sizeandcomplexity. As in
any othersoftwaredevelopment,a detailedmodeleasede-
velopmentand maintenanceof the web site. In addition,
themodelcanhelpin theanalysisof navigationin themod-
eledwebsite. Undesirablesituationscanbe identifiedand
eliminated,andimprovementscanbemade.

Modelingwebnavigationmaynotbeaseasyasit seems.
Webpageshasevolvedfrom simpletext, graphicsandhy-
perlinksa few yearsagoto thecontemporarydynamicweb
pageswith variesextensionsandscriptsandclientsidepro-
gramsembedded.Previousworksonmodelingwebnaviga-
tion [15, 11] treatsthewebasakind of hyperdocumentand
canonly supportmodelingof simpleandstaticwebpages.
Complex, dynamiccontemporarywebpages,whicharethe
mostin needof modeling,cannotbemodeled.In this pa-

per, we will employ statechart[3] to solve this problemof
modelingwebnavigation.As ouraim is to modelwebnav-
igation,presentationdetailsof web, suchassize,position
andcolor of web pageelements,althougharealsoof im-
portanceto thehumancomputerinteraction,will beout of
scopefor thispaper.

In Section2, webnavigationandmodelingwill beintro-
duced,alongwith backgroundinformationonStatechart.A
detailedanalysison differentkindsof webnavigationwill
be presentedin Section3. Our model of web navigation
will bediscussedin Section4, anda conclusionof this pa-
perwill begivenin Section5.

2 Background

2.1 Web Navigation

With thewidespreadacceptanceof theWorld WideWeb,
hypertext [13], which is the informationstructureusedin
WWW, hasbecomethe de facto standardof information
storageand retrieval in the Internet. The WWW can be
viewedasthecollectionof webserversthatcommunicates
with webbrowserusingtheconnectionlessHTTP protocol
in request-replypairs, and streamout the requestedcon-
tent written in the Hypertext Markup Language(HTML).
HTML hasevolvedovertimeandwith otherWebtechnolo-
gies,andthuscreatedsomenavigationfeaturesthatarenot
availableby hypertext alone.

In WWW, Web pagesand links replacesinformation
fragmentsandrelationshipsin thehypertext model. Users
navigatefrom a webpageto theotherby clicking on a hy-
perlink. In addition to this basicnavigation method,var-
ious client side scriptsand programs,suchas Javascript,
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VBScript, JAVA andActiveX, provide otherwaysto con-
trol traveling betweendifferent web pageswithout click-
ing a link. DynamicHTML, ActiveX componentsarealso
widely employed to changethe contentandhyperlinksof
thecurrentlydisplayingwebpage.

Concurrentdisplayof webpagesis possibleby theuseof
framesandwindows. Synchronizationbetweentheconcur-
rently displayedwebpagescanbeachievedwith functions
of theclientsidescriptsandcontrolprograms.Detaileddis-
cussiononnavigationof webpagesis in Section3.

2.2 Web Modeling

It is not hardto realizethat thecomplicationsaddedby
theabove discussedwebfeaturesmakesthewebpageand
links notnecessarilyadirectmappingfrom theinformation
fragmentsandrelationshipsin hypertext. Somodelingtech-
niquesusedin hypertext [13, 16] maynotbedirectlyappli-
cable. Theresearcheson webmodelingarecomparatively
few to thehypertext modelresearches.

Conallen [2] discussedusing the common behavior
packagein Unified Modeling Language(UML) [10] to
modelthebusinesslogic in webapplications.Client pages,
Server pages,FormsandFramesaredefinedasclassesin
UML, with theircontentsmodeledasstereotypedattributes
of theclass.Links betweenwebpagesaremodeledasasso-
ciationsbetweenthelinkedclasses.Themodelingis viewed
from theperspectiveof businesslogic in structureandfunc-
tional view, sosomeuserinterfaceattributesaffectingpre-
sentationandbrowsingsemanticsareintentionallyleft out
from this model. The suggestedmodelingmethodcanbe
usedasa complimentto our model to supplyinformation
aboutbusinesslogic.

On the sametrack with us, HMBS [15] (Hypertext
Model Based on Statecharts)uses statechart(see sec-
tion 2.3) asa modelingtool. HMBS aims to supportbe-
havioral modelingin thedesignof hypermediaby thesug-
gestedmodel.An hypermediaauthoringtool is alsodevel-
opedto achieve this goal. In themodel,hypermediapages
are mappedto statesin statechartby a mappingfunction�

, which canbe alteredfor differentstatechartsto make
abstractionof physicalpagespossible.

�
is heldstaticfor

a particularstatechart,andcannotbe changedduringnav-
igation. This freedomin definition of

�
may be feasible

in hypermediaauthoringasthedesignercandefine
�

arbi-
trarily, andthenall developmentthereafterwill adhereto it.
Problemarisesif multiplepartieswish to modelanexisting
setof hypermediapages,asit is notclearthathow

�
canbe

definedin aconsistentwayby differentmodelers,theremay
bevastdifferencebetweenresultantmodelsof thesameset
of web pages.We will solve this problemby providing a
consistentway to mapwebpagesin ournavigationmodel.

HMBS is more concernedwith the hierarchicalstruc-

turing of hypermediapagesthanothernavigationmethods
betweenpages.Visibility level L is definedto managethe
visibility (state)of hierarchicalpagesduring hierarchical
navigation. All othernavigationmethodsaregenerallyde-
scribedaseventsrepresentingtransitionof states,with no
detailsondifferentkindsof eventsgiven.Treatingall kinds
of eventsequallywill introducedifficultiesin modelingdif-
ferentkinds of hyperlinksin the web, suchasbetweenan
ordinaryhyperlink and a server sidescript which actson
parameterssentalongwith thehyperlinktransition.We an-
alyzeandidentify differentwaysto modeldifferentkinds
of hyperlinkin Section3 and4.

It is alsonotclearthathow cantheHMBSmodelsupport
modelingof dynamichypermediapages,whichareusedex-
tensively in contemporarywebdevelopment.Evenwith the
changeablemappingfunction

�
, it is impossibleto model

physicalhypermediapagesthat changestheir contentdur-
ing navigation,or containsdifferentcontentwhendifferent
links areused(events)to enterthe page. This is because�

mustbe held staticin a navigationsession.This is es-
pecially true for thosepagesthatchangestheir links (tran-
sitions)to otherpages(states)duringnavigation,makinga
staticmappingfrom physicalpagesandlinks to statesand
transitionsimpossible. In follow up works of HMBS, the
modelingfocushadshiftedto timing andsynchronization
of multimediacontentin hyperdocuments[11, 12], andthe
developmentof hyperdocumentauthoringsoftware[14], so
theabove problemsstills remainunresolved. In Section4,
we will discussedhow to overcomeall thesedifficultiesby
ournavigationmodel.

Therearealsosomeresearcheson hypermediamodel-
ing, which is themodelingof multimediahyperlinkedcon-
tents. HMData [6] is an objectorientedmodelingmethod
for storageandretrieval of hypermedia.This modularap-
proachdiscourageslinkagesbetweenindividual elements
of differentmodules,andmay not be suitablefor the web
whereextensive, spaghettilinkagesbetweenweb pagesof
differentsitesis thenorm. EFSM[7] is anextendedfinite
statemachineto model temporalsynchronizationof tem-
poral interactive web content. The analysisis mainly fo-
cusedin synchronization,andthemodelmaybeblown up
to unmanageablesizeif thequantityof mediais largeand
linkagebetweenmediaextensive,dueto thenatureof finite
statemachine.

Anotherapproachingto modelthenavigationof theweb
is by using web pagecontent in addition to their intra-
linkages[1, 9]. Thegeneralideais to usethecontentsim-
ilarity betweenpagesto structurethem,providing a better
understandingandsenseof orientationfor theuserof thein-
formationspace.Thesemodelsgivegeneralshapeof thein-
formationspace,browsingthewebpagesin an“overview”
mode,andis not suitablefor analysison browsingseman-
ticsbetweenindividualpages.
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Figure 1. XOR grouping of states

2.3 Statechart

Statechartis first proposedby Harel in 1987 [3, 5]. It
is avisualformalismto extendstatediagramsfor modeling
of complex systemsthat involveslargenumberof concur-
rentstates,synchronizationsandactiontriggers.Thereare
numerousextensionsto statechartto supportdifferentmod-
elingneeds,wewill introducethebasicandtherelevantpart
of statechartweusedin thispaperhere.

A statechartcan be defined as the basic set of ele-
ments: states,transitions,primitive events,primitive con-
ditionsandvariables, plustheextendedsetof events,con-
ditions,expressionsandlabelsandtheir inter-relations[5].�

is definedas the set of states. A hierarchy function�	� ��
 ��
, is definedto map eachstate to its sub-

states. ����������� means� is a basicstate. A type func-
tion � � ��
���� ��!#"%$'&)(

defineswhether �+* � is a
composedAND / OR stateor not. , is the setof history
symbols. It is relatedto

�
by a function - � , 
.�

. The
default function, / � �0
1�24365

definesthe initial states
in
�

. 798 is definedas the set of variablesand the set of
expressions, 7 , is definedon 798 . Thesetof primitive con-
ditionsis definedas :;8 with thesetof conditions: defined
onit. Similarly, <=8 and < aredefinedasthesetof primitive
eventsandeventsrespectively.

�
is definedas the setof

actions. > � <@? � is thesetof labelson transitions.The
setof transitions,A , is definedas ACB �2 ?D>+? �24365 .

For clarity, statenameswill beshown in bold andevent
labelswill beshown in sans in thispaper.

Likeastatediagram,astatechartmodelstartsin aninitial
state.Whenaneventhappens,thesystemwill transitto the
next stateby a transitiontriggered(labeled)by that event.
An optionalactivity canbeaddedto thetransitionlabel,in-
dicatingthattheactivity will takeplacewhenthetransition
happens.Thetriggeredactivity canin turn receivedby the
systemasanothereventto triggerothertransitions.

Statecanbe groupedtogetherby XOR for efficient use
of transitionarrows. Figure1 shows the savings from the
expanded(a) to the moreconcise(b). The systemcanbe
exclusively in stateA OR B. Concurrentstates,like inde-
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Figure 2. AND grouping of states
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Figure 3. Abstraction of states

pendentmodulesin a system,canbemodeledby orthogo-
nal AND of sub-statesthatexist concurrently(Figure2). In
thefigure,beingsub-statesof thecomposedstateA, A1, A2
andA3 maintainstheirown state.

Abstractionof statechartcanbe doneby hiding details
of sub-states.Figure3ais abstractedto Figure3bby hiding
the detailsof the XORsub-states.The stubbedtransition
arrow of e2 representsthat the transitionis availablefrom
someof thesub-statesof A only. Theselectconnectivecan
beusedto reducethenumberof transitionarrows.Eventse
in Figure4bis definedasthedisjunctionof eventse1, e2 in
Figure4a. e replacese1, e2 by pointingto theselectcon-
nective,meaningthatA will transitto B1 or B2 depending
one1 or e2 happened.
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Figure 4. Select connective
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Eventscanaffect statesglobally. This global effect of
all occurredeventis describedasbroadcastingof eventsto
all partsof thesystem.All activities/eventsareconsidered
instant(zerotime),sosynchronizationcanbesupportedby
thetriggeringof somelimiting eventsonall concurrentpar-
titions.

We will alsousethesuggestedparameterizedORexten-
sion to statechart[3] for situationswherelargequantityof
similarstatesareencountered(Figure5). Evente will hap-
penwith a parameterparam. In B, paramwill beevaluated
andthe systemwill transit to the appropriatestate,out of
thegroupof statesstateparam, basedon thisevaluation.

There are problems of undetermined state when
events/activity aredefinedaszerotime, asdescribedin [3,
5, 8]. We will take the micro-stepapproach[8] to solved
thisproblem.

3 WebNavigation Analysis

3.1 Web Page

A webpage is definedasthesequenceof HTML replied
by the web server to a client makinga requestof a URL
through HTTP. Other navigation relatedmaterialsin the
webpage,suchasscriptsandclientsideprograms,arecon-
sideredcomponentsof the web page. Non-navigation re-
latedmaterials,suchasgraphicsor audioclipscontainedin
thewebpage,arenotconsideredin thisanalysis.

A static web pageis a web pagethat retainsthe same
HTML for all theclient requestsof thesameURL. It must
alsocontainno reactiveor executablecomponents.

A dynamicweb pageis definedasa web pagethat re-
turnsdifferentHTML for client requestsof thesameURL
(server sidedynamics),or containsreactive or executable
components(clientsidedynamics).

3.2 Hyperlink

Navigation in the WWW is doneby activating hyper-
links. Hyperlinksaredirectionallinks betweenasourceand
atargetwebpage,whichcanbethesamepage,solinking to
differentsectionsof thesamewebpageis possible.Whena
hyperlinkis activated,thecurrentwebpagein view will be
replacedby thetargetwebpage.A hyperlinkcanbein form
of text strings,graphicsor video,activatedexplicitly by the
users,usingamouseclick for example.Hyperlinkscanalso
beincludedin client sideprograms/ scripts,to be invoked
automaticallyby the browser on somepredefinedevents.
Examplesof theseeventsincludestimeout,mousemove-
mentsand window focus. As in hypertext, the sequence
of hyperlinkactivation,no matterby mouseclick or other
events,is thenavigationpath.

3.3 Web browsereffects

In additionto thenavigationprovidedbyhyperlinks,web
browserscanprovideadditionalnavigationfunctionsthatis
out of control of the web pages,suchas scrolling, back,
forwardbuttonsanda historylist. We do not intendto dis-
cussionthis form of navigationhere,sowebnavigationby
webbrowserfunctionsareoutof scopefor thispaper.

3.4 Intra-page Navigation

Thisformof webnavigationinvolvesonlyonewebpage.
In a web page,hyperlinkscanbe definedto target differ-
entsectionsof thesamewebpage.Usercanalsoscroll to
differentsectionsof the pageif the pageis displayedin a
scrollbarenabledframeor window to obtainthe samere-
sult.

3.5 Inter -pageNavigation

Thismostcommonform of webnavigationis by activat-
ing a hyperlinkon a sourceweb page,to jump to a target
webpagewhich thehyperlinklinks to.

3.6 Frame-basedNavigation

Frames inside a browser window makes concurrent
viewing of webpagespossible(Figure6). A browserwin-
dow can be divided into frames,eachcontaininga sepa-
rateweb pagefor viewing. The containedweb pagescan
beanotherwebpagecontainingframes.Navigationwithin
a frame can happenindependently. Navigation out of a
framedweb pagecanalsobe doneby activating a hyper-
link thatspecifiesthetarget is to replacethewholeframed
page. All framesin a window are createdand destroyed



Figure 6. Screenshot: Frames

Figure 7. Screenshot: Multiple Windo ws

together. Framescanbesetscrollableor unscrollable,and
eachframemaintainsits own scrollpositionindependently.

Web pagesin differentframescanaffect eachotherby
using client side scripts or programs. Changesthat can
bedoneincludespresentationappearanceandchangingthe
webpagedisplayingin anotherframe.Scriptsandprograms
in differentframesmayalsointeractwith eachotherto cre-
atecomplicatedreactivebehavior.

3.7 Navigation of Multiple Windows

Multiple browserwindows canbe usedto supportcon-
currentviewing of web pagesin anotherway (Figure 7).
Windows differs from framesin thesensethat they canbe
createdor destroyed independentlyat different time, and
they aremanagedby theoperatingsystemswindows man-
ager. Client side script and programscan affect multiple
windowsin thesamewayasin multiple frames.

3.8 Dynamic Content

The contentand hyperlinksof a web pagecan be dy-
namic while viewing. Thereare two levels of dynamics,

clientsideandserverside.

3.8.1 Server Side

An exampleof thiskind of dynamicwebpageis thesearch
resultpageof asearchengine.Whendifferentsearchstrings
areentered,differenthyperlinkswill appearin the results
pagedependingon thekeyword inputedin thesearch.This
kind of dynamicwebpagegenerationis usedextensively in
theWWW today.

This is doneby thewebserver giving out differentweb
pagesto requestsof thesamehyperlinktarget(sameURL).
Usersactivatingthesamehyperlinkof thesametargettwice
may not get the samereturnedHTML. Server sidescripts
andCGI programscanbeusedto generatethesewebpages.
A templateis usedto definethe structureof thedocument
andcontentis filled in run time. This makesthe returned
web pagehave similar structurebut with differentcontent
andhyperlinks. Note thatevery scriptor programcanuse
morethanoneweb pagetemplateandevery templatecan
beusedby morethanonescriptor program.

Server side dynamicpagegenerationcan also employ
web forms, as in the above searchengineexample. The
sourceweb pagewill containa form with data,whenthe
form is submittedandthenew pagerequested,theformdata
is sentalongto the web server anda new web pageis re-
turned.This is equivalentto activatingahyperlinkwith run
timegeneratedparametersin thesourcewebpage,andthen
a propertarget web pageis constructedin the web server
andreturnedbasedontheparameters.

3.8.2 Client Side

An exampleof client sidedynamicwebpageis a Java pro-
gramonawebpage.TheJavaprogrammayhaveascrolling
list of hyperlinks,thoselinks scrolledoutof view cannotbe
activatedwhile thosenewly scrolledinto view canbeacti-
vated.

In theseclientsidedynamicpages,thetargetof ahyper-
link canbedynamicallydefined,enabled,or disabledwhile
awebpageis displaying,withoutcontactingthewebserver.
Basedon userselectionsor otherexternal factorssuchas
currenttime,thetargetof ahyperlinkcanbedifferentwhen
it is activated.This kind of webnavigationis supportedin
variousclient sidescriptsandprograms,suchasJavaScript
andJava. Thesescriptsandprogramshave their own state
andreactivebehavior, andcanaffectthecontentandnaviga-
tion of thehostingwebpage.They cannotexecutewithout
ahostingwebpage.

A specialpropertyof theseclient sidescriptsandpro-
gramis thattheir life timeis thesameasthewebpagehost-
ing them.If thewebpageis replacedby anotheror window
is closed,all theattachedscriptsandprogramswill be ter-
minatedimmediately.
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4 Mapping fr om Web Navigation to State-
chart Modeling

In thissection,webnavigationwill bemodeledby using
Statechart.In general,web pagesand their accompanied
clientprogramsandscriptsaremodeledasstatesin theStat-
echart,andthe hyperlinkbetweenweb pagesaremodeled
astransitions,governedby theeventsthattriggersthetran-
sition. Only the navigation relatedelementsaremodeled
to suit our goal. Becauseof thecomplexity of thecontem-
poraryWWW, the modelingscopewill first be discussed,
thenwewill introducemodelingof webnavigationthatap-
plies to all web pages,followed by web navigation model
extensionsfor dynamicwebpages.

4.1 Modeling Scope

In the web environment,it is not possibleto modelall
webpageshyperlinkeddirectly andindirectly to thepages
we are interestedin. This is becausethereare rarely any
“deadend”of webpagesthatdonothaveany hyperlinkout
of it, so by simply following hyperlinks,onecannavigate
to somemillions of webpages.We mustthereforelimit the
scopeof thesystemunderdescription.

Thesetof webpagesthatareof interestis first identified,
thenthescopeof thesystemunderdescriptionis limited to
any 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 interestset is first
identifiedaswebpagesP1 to P5. The immediatelylinked
pagesareQ1 andR1. So thesystemunderdescriptionin-
cludeswebpagesP1,P2,P3,P4,P5,Q1,R1.

The reasonto includethis extra “layer” of pagesin the
modelis thatnavigationpathsleadingoutof theinterestset
of pagesis alsoimportantfor navigationmodeling,asthey
actasthe“exit” of thesystem,andthedestinationsof these

exit pathswill alsobeof importance.
By thesameprincipal,it is arguablethatwebpagesthat

lead into the interestsetshouldalsobe modeled. But by
thedirectionalnatureof hyperlink,thetargetwebpageof a
hyperlinkcannotknow what is thesourcewebpage.So it
is impossibleto identify whichwebpages,if any, leadsinto
the interestset. Moreover, afterarriving at the interestset,
the“entrancepage”is of nomorevalueto navigationashy-
perlink is not bi-directionalandthereis noway to navigate
backto it. If, however, thereis a link backto the“entrance
page”in theinterestset,that“entrance”will bemodeledas
anexit path.

Exit pathdestinationpagesaremodeledasbasicstates.
Note that theseexit pagesare not necessarilyterminal
states, unlessevery componentof the systemhasentered
theseexit pagestates,thesystemcancomebackfrom these
states.SeeClient Sidein Section4.2.5for an exampleof
re-enteringto otherstatesfrom anexit pagestatefor partof
thesystem.

4.2 Web Navigation Modeling

4.2.1 Intra-page

For intra-pagewebnavigations,whenscrolling is not pos-
sible(eitherlimited by a shortpagelengthor by intention-
ally disablingthe scroll bar) and thereis no self targeted
hyperlink,thewebpageis modeledby anbasicstate(Fig-
ure9a).1

In othercases,sub-statesareusedto representthe dif-
ferentpositionsof the web pagein view. We first define
jp(target, pos) is theeventto jump to positionposof a tar-
getwebpagetargetby ahyperlink.Both targetandposare
definedasprimitive variablesin thestatechartmodel. The
eventof activatinga self targetedhyperlink is modeledby
settingtarget to thecurrentwebpage.Thepageis modeled
asa composedstateandevery possiblebrowsing position
of thepageis modeledasa possiblesub-stateof thepage.
Whenthepageis in aparticularsub-state,furtherintra-page
hyperlink jumpingeventswill causeit to leave thecurrent
sub-stateto the new appropriateoneby theselectconnec-
tive in Statechart.Thepropernew sub-stateis selectedby
thevaluepos(thenew displayarea)of theevent to reflect
thenew browsingposition(Figure9b).

4.2.2 Inter -page

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

1The web pages which Figures 9-16 modeled are located at
http://www.csis.hku.hk/M swflow/www/ with their respective filenameas
shown in the Figures. Readerscanrefer to themto experiencethe navi-
gationmodeled.
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Figure 9. Intra-pa ge Modeling

for simplicity. Every hyperlinkfrom onepageto theother
is representedby a statetransitionarrow, thehyperlinkac-
tivation is the event that triggersthe transition. If multi-
ple hyperlinkson a webpagepoint to thesametarget,they
areconsideredequivalentandonly onetransitionarrow is
neededto representthem. Thehyperlinkscanbeavailable
from all pagesub-states(Figure10a)or only availablefrom
someof them(Figure10b). Target of the hyperlink is al-
waysoneof the sub-statesof the target web page,so this
can be representedby defaulting to the selectconnective
(Figure10c). Thechangeof staterepresentsthechangeof
displayingcurrentweb pageto the target web pageof the
hyperlink.

The XORdecompositionof Statechartplaysan impor-
tant role here to simplify the diagram. Web pageshav-
ing hyperlinks of commontarget can be grouped. The
modelof a commontree-like menustructureof webpages
is shown in Figure11ato illustratethis. jp(menu,pos) of
productA.html and productB.html aregroupedtogether
to berepresentedby onetransitionarrow.

The selectconnective canalsobe usedto groupall hy-
perlinktargetsof apage.In figure11b,menu.jp eventfrom
statemenu.html is definedas the disjunctionof the two
lower level eventsjp(productA,pos) andjp(productB,pos)
in figure11a. This definitionshouldaccompany the state-
chartsoexpansionbackto Figure11ais possibleif desired.

4.2.3 Frame-based

A webpagewith framesis modeledastheorthogonalAND
of the stateof its frames(Figure 12). An optional state
name,suchasframe1, frame2andframe3 in thefigurecan
begivento eachframe.frame2 andframe3, having two or
morepossiblesub-states,hasa default stateto indicatethe
defaultwebpageloadedin thatframe.This is indicatedby
thedefault arrow in theStatechart.Thesub-statescanbea
simplewebpageor anotherframedpage,Navigationfrom
a framedwebpageto anotherpagecanbemodeledasthe

index.html
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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

eventjp(next, pos) in Figure12.
Synchronizationbetweenframescanbedoneby events

of clientsidescriptsandprograms.Mostof theeventsgen-
eratedhaveoneintendedreceiver to synchronizewith. This
synchronizationis modeledby event broadcastof State-
chart.Everyeventis receivedby all framesto reactupon,so
that their statescanbesynchronizedby events.Thediffer-
encebringaboutby usingbroadcastin thestatechartmodel
insteadof unicasteventscan be solved by addingthe re-
ceiver’s identifierto theeventnamewhenmodeling,sothat
evenif theeventis broadcasted,only theintentionalreceiver
will acton it. Othercomponentscanrealizetheeventis not
for themanddiscardit.

Figure 13 demonstratesthis. A web pagenext.html
needsto have its product information and photo gallery
displayed in synchronization. A menu frame is used
for displaying information of product A and product B.
A photo frame is usedfor displaying the photo gallery
of the currently displayingproduct. Synchronizationbe-
tweenthedisplayingproductandits photogalleryis by the
jp(target, pos) events(Figure14). Initially, the pageis in
the sub-statesmenu.html andgeneral.html. Whenevent
jp(productA,pos) happens,framemenu transitto statepro-
ductA.html andframephoto transitto statephotoA (Fig-
ure15). In photoA, thephotogalleryof productA canrun
by theeventsjp(2, pos) andjp(3, pos). Thetwo framesare
synchronized.Eventsjp(productB,pos) and jp(menu,pos)
performssimilarly.

4.2.4 Multiple Windows

Concurrentviewing of web pagesby multiple windows is
modeledby using a separateStatechartfor eachwindow.
This is modeledin Figure16. Thesystemfirst startedwith
onewindow mainWin. Whenevent jp(next, pos) happened,
a new window is poppedup containingads.html. This is
representedby specifyingthenameof theanotherstatechart
adsWin (which is of the newly createdwindow) asthe ac-
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productB.html

jp(productB, pos)
Y

jp(productA, pos)
Yjp(menu, pos)

Y general.html

photoA photoB
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Y
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Ymenu photo
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Y
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Figure 13. Sync hronization in Frames

Figure 14. Initial State of Figure 13

Figure 15. After event jp(productA,pos)
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tion of theevent.They arenotmodeledasorthogonalAND
becausenotall of thewindowswill co-exist all of thetime,
eitherby designor byusermanuallycreatingorclosingnew
windows,sotherearetimeswhenthesystemis not in all of
thesub-statessimultaneously.

Synchronizationbetweenwindows is still possibleby
thesamemechanismasin frames.Eventscanbe directed
to a differentwindow thanthe generatingone. Modeling
this synchronizationis doneby “broadening”the effect of
broadcastof eventsto everyStatechartin themodel.

4.2.5 Dynamic Content

Dynamicwebpagesgive rise to difficultiesin webnaviga-
tion modeling,asnot all statesareknown in advance(asof
staticwebpages)andthesizeof thesetof possiblestatecan
bevery largeevenif known. Thesetof possiblenavigation
pathsof thesedynamicpagescan also be dynamic. The
followingsdiscussthe modelingmethodof thesedynamic
relationships.

Server Side
To modelserversidedynamiccontent,it is impossibleto

list out every possibleresultpageasa separatestatein the
modelbecauseof thesheerquantity. parameterized-ORis
usedhereto solve the problem. All pagesgeneratedfrom
thesametemplateareconsideredto bea singleparameter-
izedstate(result.html - Figure17). A new eventsm(target,
param) is definedastheactionof sendingoutapagerequest
to targetwith parametersparam. Both targetandparamare
primitive variablesin thestatechartmodel. Therewill bea
setof possiblereturnpagesandthe oneactually returned
will be selectedor generatedusing param by server side
programsat run time.

Hyperlinks leading out of the parameterizedstate

search.html` result.html

str search result

sm(result, str)

str`

jp(search, pos)
a

S
b

result.jp

Out of Stock
cOrder

c
product pd

p

Figure 17. Server Side Dynamic Pages

have two types. For the hyperlinksthat arepresentin all
parameterizedpages,the parameterizedset of web page
canbe treatedasa singlestatewith the transitionleading
out normally as shown by the event jp(search, pos) from
result.html. For all other hyperlinks, if their quantity is
too large or cannotbe predetermined,a disjunctionof all
theselower level events need to be defined to connect
to a selectconnective. In Figure 17, the event result.jp
from result.html is definedas the disjunction of events
sm(order, p) and jp(outOfStock, pos), which in turn repre-
sentsjumping to the orderpageof the selectedproductp
anda Outof Stock pagerespectively.

Client Side

We are not concernedwith the statechangein client
side scripts and programsthat do not have any implica-
tion on navigation. So they aremodeledasany otherex-
ecutableobject that maintainstheir own stateby State-
chart [4]. Out web navigation modelwill not cover mod-
eling of executableobjects. The Statechartobtainedfrom
executableobjectmodelingis orthogonalAND-edwith the
web pagestatewhich hoststhe script or programto form
the new composedstaterepresentationof the page. Be-
causethescriptsandprogramsareinitializedanddestroyed
with thehostingwebpage,thesystemwill bein all of these
sub-statesconcurrently. This is similar to the modelingof
frames, but sub-statesof a client sideprogramarenot web
pagestatesandtransitionsarenotfromhyperlinkactivation.
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Figure 18. Client Side Dynamic Pages

They areprogramstatesandeventsinstead.
On the navigation aspects,thesescriptsand programs

canpostconstrains(enable/disable)on thehyperlinks,this
is naturallymodeledasconstrainson thetransitiontrigger-
ing events.Dynamicdefinitionof hyperlinktarget is mod-
eledby variablesof transitions. target of a hyperlink is a
variablein the model,which the scriptsandprogramscan
changethe valueat run time andachieve the effect of dy-
namicallydefininga hyperlink. Notethatsomescriptsand
programscanpostconstrainson hyperlinksof pagesother
thanthehostingpage.

Figure18illustratesthis. Thesystemstartswith thestate
agreement. JScript is usedwith a checkboxto make the
useragreeto sometermsandconditionsbeforeproceeding.
Thisis modeledby theconstrainontheeventjp(menu,pos).
TheconditionJScript.in(agreed)is trueonly if thesub-state
JScriptis in agree, andthetransitionis allowedonly if this
conditionis true.

In menu, a JAVA menu,embeddedin menu.html,is dis-
playedin separateframeswith the informationpagesA, B
andC. The JAVA menuis modeledasan orthogonalsub-
stateof themenustate.It will first show anopeninganima-
tion wheninitialized,andwill proceedto displaythemenu
itemsaftertheanimationhasended,or whentheuserclicks
amousebutton.

Actionsin statedisplay menushowshow theJAVA pro-
gramcontrolnavigationon anotherframe. Whena mouse
click eventis receivedby theJAVA program,it will replace
thecurrentcontentof thedisplay framewith the pagethe
currentlyhighlighteditem represents.This is modeledby
theactiondisplay.jp(target,pos) of theeventmouseClick.
mouseClick in differentstateshighlight A, highlight B,

highlight C will give a different target to the action,and
thisactionwill bereceivedby thedisplay stateasaeventto
trigger transition. The namedisplay is insertedbeforethe
jp(target,pos) eventto preventambiguity.

Regardingthe scopeof systemunderdescription,note
thatsome,or all of A.html,B.htmlandC.htmlcanbeoutside
the interestset. Control actionsfrom the JAVA program
make it possiblefor the systemto returnfrom thosestates
even if no hyperlink leadingout of themis modeled.This
showsthatthey arenot terminalstates.

5 Conclusion

We have pointedout previoushyperdocumentmodeling
techniquesof web navigation cannotmodeldynamicweb
navigation,which is usedextensively in contemporaryweb
pages.Most of thesepreviousmodelsonly addresshyper-
media,without the supportfor dynamiccontent. We ana-
lyzeddifferentkindsof webnavigationmethods,andaweb
navigationmodelingmethodusingstatechartis proposedto
provideamorecomprehensivemodelingof webnavigation.
This new modelprovidesa simpleway to modelcomplex,
dynamicwebnavigation. Futureworkswill becarriedout
on refinementof themodelandtheanalysisof webnaviga-
tion usingthemodel.
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