Per sonalizing the Web Using Site Descriptions

Vinod Anupam Yuri Breitbart

JulianaFreire BharatKumar

{anupam,yuri,juliana,bharg@research.bell-labs.com
Bell Laboratoriesl.ucentTechnologies
Murray Hill, NJ07974

Abstract

The information overload on the Web has createda
great needfor efficientfiltering medanisms. Many sites
(e.0., CNN and Quidken) addressthis problemby allow-
ing a userto createpersonalizedpagesthat containonly
informationthat is of interestto the user We proposea
new approad for personalizationthat improveson exist-
ing servicesn threesignificantways: the usercan create
personalizedpages with information from any site (with-
out being restrictedto sites that offer personalization);
personalizedpagesmaycontaininformationfrommultiple
Web sites(e.g, a usercan createa personalizedpage that
containsnot only news categoriesfrom her favorite news
souices,but alsoinformationaboutthe pricesof all stodks
whosenamesappearin theheadlinef selectechews,and
weatherinformationfor a particular city); anduses have
more privacy sincethey are not requiredto signup for the
service In order to build a personalizationservicethat
is generl and easyto maintain, we male use of site de-
scriptionsthat facilitate accessto the data stored in and
genematedby Web sites. Sitedescriptionsencodenforma-
tion aboutthecontentsstructure, andserviceofferedbya
Website, andthey canbe createdsemi-automatically

1. Introduction

The information overloadthat we facetoday on the
Web hascreateda greatneedfor efficient filtering mecha-
nismsthatgive betterandfasteraccesgo data. Somesites
(e.0., CNN and Quicken) addresghis problemby allow-
ing a userto createpersonalizecagesthat containonly
informationthatis of interestto the user Othersitessend
notificationswhenthe underlyingdatachangesand some
conditionis met. However, thereareproblemswith these
approache® personalizationi) personalizatiors limited
to theinformationaccessiblérom a singlesite; 2) person-
alizationfeaturesare not offeredby all the Web sitesthat
might be of interestto a user; 3) sincesitesthat provide
personalizatiorrequireusersto sign up, thereare privacy
issuednvolved— theuserneedgo divulge personalnfor-

mationwhensigningup,andthesitescantracktheinterests
of theuser

In this paperwe proposea new approachto person-
alization that allows a userto createpersonalizedbages
that containinformationfrom any Web site. The userhas
full control over which informationis retrieved, and thus
sheneednot sign-upfor ary specialservice. In addition,
personalizeghagesmayincludeinformationfrom multiple
sites(e.g., one'sfavorite newscateyoriesfrom herpreferred
news source weatherinformationfor hercity, andthetraf-
fic reportfor her afternooncommute). This servicecan
also be extendedto customizechangenotificationsbased
on conditionsthatmay spanmultiple sites.

Our personalizatiorsystem MyOwnVéb, views a per
sonalizechageasa setof logical queriesagainstWebsites,
andthe usercan specify the conditionsunderwhich each
gueryneeddo bere-executedandthepagerefreshedEach
logicalqueryis translatednto aqueryto aspecificWebsite
by translatingogical attributesof the personalizedystem
into the actualattributesof a specificWeb site. Suchan
approactenablesiserto getinformationfrom severalWeb
siteswithout requiring the userto know specificaddress-
ableattributesthatthe sitemayhave.

Since Web languagessuch as W3QL [11], We-
bOQL [14], andWebL [9] provide mechanism$or query-
ing theWeb, alimited versionof this servicecould bebuilt
usingtheselanguages— eitherallowing usersto write a
setof queries,or by providing a setof pre-definedqueries
for a userto choosefrom. Neitheralternatie is satishc-
tory: whereasthe latter is too restrictive (and since Web
siteschangeconstantly significanteffort may be required
to maintainsuch queries),the former is likely not to be
widely acceptableastheselanguagesanbe too complex
for anaverageWebuser

MyOwnVé¢busessitedescriptionsasasimpleandsuc-
cinct way to representhe structureandcontentsof a Web
site. Thesesitedescriptionsareanextensionof the naviga-
tion mapsdescribedn [5], andthusthey canbe generated
semi-automatically In addition users(or map builders)
arenot requiredto know specificsof the languagethatis



usedfor site descriptionspecification.Givena setof such
descriptionsa naive Web usercan createqueriesby sim-
ply selectingfrom site descriptionghe contentsof interest
without having to specifyhow they shouldberetrieved. A
pointandclick userinterfaceis providedthatletsusersse-
lect attributesof interestfrom sourcepages,and prompts
the userfor requiredinput values. In the absenceof the
descriptionfor a site, our service provides SmartBook-
marks[2], a mechanismthat transparentlyrecordsa se-
guenceof browsingactionsthatcanbe savedandreplayed
later

The restof the paperis organizedasfollows. In Sec-
tion 2 we describehow site descriptionsareusedto model
Web sites,andhow they canbe usedto build personalized
pages. An overview of the MyOwnV¢b personalization
systemis givenin Section3. Relatedwork and conclud-
ing remarksarepresentedn Sectionst and5.

2. Modeling Web Sources

Several datamodelsto representhe Web have been
proposedn the literature(e.g., [4, 10, 5]). Site descrip-
tions basedon thesedatamodelsprovide a uniform repre-
sentationof sitesthatis similar to a scheman traditional
databasegndthussimplify queryingof describedsources.
They arealsofocusedandneedonly reflecta setof pages
thatcontainrelevantinformationandservices Sincethese
modelscontainnot only informationaboutthe contentsof
pagesput alsoinformationrequiredto navigatethrougha
setof pages.they canbe usedfor handlingdataretrieval
andextractionin our personalizatiorservice.

The site descriptionsusedin our personalizatiorser
vice arean extensionof the navigation mapsdescribedn
[5]. A navigationmapis a collectionof Web objectsthat
representhe portion of a Web site that is of interestto
themapbuilder. It canberepresentethy a directedgraph
whosenodescorrespondo Web pages and an edgebe-
tweennodescorresponddo the action that took the user
from onepageto another(seeFigure 3). Therearemary
adwantage®f usingthismodelin apersonalizatioservice:
(1) theusercanbepresentedvith avisualrepresentatioof
the site andits contentsand oncethe desiredinformation
is selectedthe actualnavigation procesgo retrieve the se-
lectedpagesanbegeneratedutomatically(2) sincethese
mapscanbe createdsemi-automaticallyby example),one
canpotentiallycreatedescriptiongor manyWebsites,and
whenthe underlyingsite changesthe descriptionsanbe
easilyupdated.

As depictedin Figurel (modifiedfrom [5]), site de-
scriptionsarecomposedf commonWeb objects. For ex-
ampletheweb_page objecthasaurl, contentsandasetof
actions;theaction objectcorrespondeitherto aform or
toalink. In generalthereis norestrictiononwhatcancon-
stitutean action. A setof actionscanbe further extended
with legitimateactionsthateachsourcepagemayoffer. An

web_page| Declarationof ClassWebRage
address=>url; URL of page
contents=>string; HTML contentsof page
actions=2{action} List of actionsfoundin the page

extracted_attr=>{output_attr}]; Attributesextractablefrom page

Declarationof ClassAction
Objectthatactionappliesto
Pagewheretheactionbelongs
Wherethis couldleadus
Methodto executeaction

action|
object=>{link,form}
source=>url;
targets=3web_page;
doit@attrValPair=>web_page]

Formfillout is anaction
Following alink is anaction

submit_form : action
follow_link : action

link[ Declarationof ClassLink
name=>string; Nameof link
address=>url] URL of link

form| Declarationof ClassForm
cgi=purl; URL for submissiorof thisform

SubmitMethodof this form
Mandatoryattributesof this form
Optionalattributesof thisform
Stateof form (name-aluepairs)

Declarationof ClassAttrValPair

method=>meth;
mandatory=3-input._attr;
optional=2input_attr;
state=3attrValPair]

attrValPair|

attrName—string; Nameof theattribute part
type—widget; Checkboxselectradio, text etc.
default—0bject; Default valueof theattribute
value—0Object)] Thevaluepart

Figure 1. Data Model for Navigation Maps

actionhasa source(the Web pagewhereit appears)a set
of possibletargets(the Web pagesit canleadto), anda
methodto executethe action (for example,follow link or
fill form). Figure4 shavs aninstanceof a navigationmap
for wwy. qui cken. com

Even thoughnavigation mapsprovide a good frame-
work for retrieving Web pages,ssuesrelatedto dataex-
tractionarenotdiscussedh [5]. In whatfollows, we detail
our extensiongo handledataextraction.

Data Extraction In orderto providefiltering in our per

sonalizationservice,retrieved Web pagesare further pro-
cessedand attributes of interest extracted. For exam-
ple, if oneis interestedin the pricesof a setof stocks,
he/sheshouldbe ableto selectfrom the pagereturnedby
gui cken. comjust the table with the prices (and omit
all adsandotherinformationthatis returnedtogethemith

thetable). Sometimeshough,fine-graineddataextraction
may be required. For example,the usermay wantto see
only the Bi d andAsk pricesfor a stock,andomit all the
otherinformation. Suchan extractioncanbe doneby se-
lecting attributesof interestfrom the sourcepagesusinga
point-and-clik interface.

As is the casefor dataretrieval, dataextractionshould
beeasyto specify(sothatit is feasibleto coverasignificant
numberof pageskandit shouldberobust,thatis, it should
notbreak(easily)whenchange®ccurto WebpagesThere
is avastliteratureanda numberof systemsave beenpro-
posedfor performingdataextractionon structuredandun-
structuredtext (seee.g., [1, 3, 17]). Here,we restrictour
discussiorto dataextractionfrom Web pageshat contain
somestructure.We alsoassumehat Web pagesareeither
compliantwith the HTML 4.0 specification,or are well-



formedXML. *

Variousformalismshave beerproposedo specifydata
extractionfunctions.Some(e.g., [17]) arebasedon exten-
sionsto thethe DocumenObjectModel (DOM) [6], which
is an API for accessingelementsin a page. The use of
DOM API (or its extensionshasseveredravbacks.Since
elementsareaccessetly theirabsolutepositionin thepage
structurethespecificatioris notrobust,andminorchanges
to the pagestructurecancausesuchspecificatiorto break,
or referenceelementdifferentfrom theintendedones.

Insteadof inventinga new formalismfor dataextrac-
tion, we usethe XPointerlanguagg12]. Our motivation
for choosingthis languagéds the following. XPointeris a
pathexpressionanguagedesignedor referencingobjects
within Web pages.Sinceit hasbeendesignedor HTML
andXML pagesit allows moresophisticatedjueriesto be
asled than permitted,for example,by WebL [9]. More-
over, it is also possibleto createXPointersthat can be
testedfor whetherthey identify the sameobjectwhenfol-
lowed,asthey did whenthey werecreated.Thusit is easy
to checkwhenan XPointerbreaks,asa resultof changes
in the pagestructure. Finally, XPointeris currently be-
ing reviewed as possiblestandardfor referencingobjects
in Web pages. Acceptanceof this languageimplies that
we canride the technologycurve (with regardsto parsers,
tools, etc.) for free. XPointer expressionscan be semi-
automaticallygeneratedia a point-and-clickinterfacein a
spirit similar to thatin W4F [17].

Extensions to Navigation Maps We extendthe naviga-
tion mapsof [5] with two new objects: input attributes
(input_attr) andoutputattributes(output_attr) — see
Figuresl and2. In our site descriptionsgachform object
hasa setof input attributes,their correspondindgypesand
informationaboutwhetherthe attribute is multi-valued.
EachWebpageobjecthasasetof outputattributesthat
canbeextractedfrom thatpagé. Associatedvith eachat-
tribute,is an XPointerspecificationof how the attributeis
extractedfrom the page. Note thatit is importantto con-
sidercomplex attributes.For example,considera Web site
that offers a form interfaceto retrieve a list of adwertised
usedcars.Eachitemin thisresultinglist containgheprice,
year anddealerinformationfor a car In orderto extract
thisinformation,it is necessaryo know theexactstructure
of thelist of tuplesreturned.
Beforepresentinghemodelfor attributes,wefirst dis-
cussthe differentforms of attributesthatwe consider We
assumethat input attributes can only be scalar(atomic),
whereasoutputattributescanhave complex types. More-
over, the type of attributesis alwaysknown (e.g.,whether
aninput attributeis stri ng, char, i nt eger, f | oat

*It is worth pointing out thateventhoughmary existing pagesareill-
formed,toolsareavailable(e.g., Tidy [16]) to fix suchpages.
 NotethatsomeWeb pageshave no extractableattritutes.

input_attr|
type=>{char, string, integer, float, date}
multi_valued=>boolean

]

simple_attr :: input_attr|
attr_ form name=-string
binding=»[range_value, bind value]

value_attr :: input_attr[
binding=[attr form name, range_value, bind value]

output _attr[
location=>xpointer ref

atomic_attr :: output_attr|
type=>{char, string, integer, float, date}

record.-attr :: output_attr|
fields=2output_attr

list_attr :: output_attr|
item=>output_attr

Figure 2. Attrib ute Specification in Site De-

scriptions

etc.). Input attributescaneitherbe single-valuedor multi-

valued. For example,an autoclassifieds/NVeb site may al-

low multiple carmodelsto bespecifiedn aquery Multiple

valuesspecifiedfor an attribute are assumedo returnthe
union of the resultsobtainedby specifyingeachof those
valuesseparately

The completeattribute specificationis presentedn
Figure 2. The input attributes are definedby their type
(we only allow atomic input attributes), and a boolean
flag specifying whetherthey are single or multi-valued.
The specificationalso maintainsa binding betweentheir
range_val ue (thevaluevisible to the userwhile brows-
ing), andtheir bi nd_val ue (the internal value actually
submittedto the Web site). The form name used by
the attribute is also stored(si npl e_attr). In certain
cases(e.g.,, ww. newsday. com), someattributes have
a different form name for each distinct attribute value
(val ue_attr).

Outputattributesare describedby their type, and an
XPointerexpression Eachexpressiorhasalocator souice
which denoteghe startingpoint of the treetraversal. For
comple attributes(list or structures)the startingposition
of the entire attribute itself is identified (e.g., the starting
positionof arecord)andusedastheimplied locatorsource
for the sub-attrilutes. For list attributes, the span con-
struct[12] allows specificatiorof the startingpoint of each
itemin thelist.

Optimizing Site Descriptions  Web siteshave beende-
signedfor humanuse,anda lot of emphasiss placedon
visual presentatiomndeaseof useratherthanrapidaccess
to the underlyinginformation. As a result, a user might
needto traversemultiple links andfill outvariousformsin
orderto getto the information he/sheneedseventhough



theremightbea singlecgi-scriptmanagingmostof thein-
teraction. For example,we examinedten Web sitesthat
provide informationaboutcars.All the sitesrequiremulti-
ple interactiongto specifythefiltering criteriasuchasthe
make andmodelof thecar, pricerangeetc.)to gettothede-
siredinformation. However, in nine out of thoseten sites,
thereis a singlecgi-scriptthat could be calledby specify-
ing all thefiltering criteria as parameterso the script, re-
sulting in the sameinformationbeingretrieved. Sincethe
actualinformation(e.g., classifiedads)is usuallystoredin
adatabassi is quite naturalto have a singlecgi-scriptthat
accessethedatabaseisingvariousfiltering criteria.

Recallthat site descriptionsare createdinteractiely,
thus the navigation processeslerived from them mimic
userbehaior. Evenif thereis a single underlying cgi-
script,thederivedprocessequiresnultiple links to befol-
lowedandmultiple formsto befilled out. In mostcasegas
illustratedabove), the mapscanbe flattenedsothata sin-
gle request-responseteractionis required.Not only does
this resultin betterperformanceijt alsoincreasesobust-
nesssincechangego the intermediatdinks/formsdo not
affectthedataextractionprocess.

Anotherreasonfor flatteningthe navigation mapsis
that following multiple links/formsis sometimedifficult
in the presenceof client-side mapsor dynamic content
(Javascript, ActiveX controls, plugins, etc.), as that re-
quiresthe personalizatiortlient to have a very tight inte-
grationwith the Web browser Moreover, generatingthe
navigation map becomesmore complex since additional
actiontypes(ratherthan simply following links or filling
forms) arerequired. In the extremecase,it might be nec-
essanyto capturethe exactmouseclicks madeby the user
Sinceaflattenednapmakesuseof only thestandardHTTP
protocolto interactwith a Website, it enableghe creation
of lightweightWeb clients. Note thatin somecasesmul-
tiple interactionsmight still be required.For example,the
first accesamight generatea useridthatis usedin the re-
mainderof the interaction.However, this doesnot prevent
therestof the navigationmapto beflattenedout.

Flatteningnavigationmapsis madedifficult by thefact
that the Web sener could be maintaining(and updating)
somesener stateduring the entire interaction. However,
for siteswheresener stateis not maintained,or it is not
essentiafor the interaction,the correspondingnavigation
map can be flattenedif all final GET/POSTrequestge-
fer to the samecgi-script. A reasonabld&euristicto flatten
navigationmapsis asfollows.

e For eachsetof input attributes, choosevaluesfor these
attributesthatfall into theirrange(if asetof possiblevalues
for anattributeis known, thenoneof thosevaluesshouldbe
picked). The navigationmapis thentraversedusingthose
values.

o If the final GET/POSTmethodcontainsthe attribute as-

signment(fname = bname), where fname is the at-
tribute form name,andbname is the binding valuefor the
chosenrangevalue, then the navigation map can be col-
lapsed.

3. Creating Personalized Pages

In what follows we describein detail MyOwnVéb, a
site independenpersonalizatiorservicethat allows users
to combineinformationfrom multiple Websites,aswell as
customizechangenatifications.
The basic idea The basicidea of MyOwnVéb is very
simple: a personalizedpageis viewed as a set of Web
gueries.Queriescanbeassimpleasa URL, whichreturns
the Web pagecorrespondingo the URL, or they canbe
complex as“find the pricesof all stocksfrom the Quicken
Web sitethatarealsolistedon CNN headlines”whichre-
quiresinformationfrom multiple sitesto be extractedand
combined.
Thesystem A straightforvardimplementatiorof a gen-
eralpersonalizatiosystemcanuseexisting Webquerylan-
guages— aninterfacecanbe providedfor usersto inputa
setof queries.However, reportedexperimentq13] suggest
that navigation languagesre hardto master Anotheral-
ternative would be to let userschoosefrom a setof fixed
gueries(written by an expert), but this is too restrictve
andbesidessinceWeb siteschangeconstantly maintain-
ing suchqueriescanbeanarduougask.

pl quicken.com

f1 symbol=?

p2 quicken.com/investment/quotes

Figure 3. Simplified Graph of Navigation Map
for ww. qui cken. com

MyOwnVeb usessite descriptionsto guide the user
in choosingthe contentsto be includedin a personalized
page.As describedn Section2, site descriptionsencode,
in asuccinctway, informationaboutthecontentsstructure,
andservicefferedby asite. Figure3 shovsa (simplified)
graphof the navigationmapof wwv. qui cken. com and
Figure 4 its correspondingite description. Using the de-
scriptionin Figure4, oneis allowedto enteroneor more
stocksymbolsto retrieve atablewith the stockprices.

In orderto build a personalizedbage,a useris pre-
sentedwith descriptionsof Web sites (see Section2 for
details),and may selectthe nodes(correspondindo Web
pages}hatcontaininformationrelevantto him/her, provide
bindingsfor the queryableattributes, and selectspecific
outputattributesto be displayedt Alternatively, a graphi-

fMore complex queries that combine information from multiple
sourcesarealsopossible(e.g., joins betweertwo sources).



quicken : webpage|
address— “quicken.com”
title— “QuickenMainPage”
contents— “quickenl.contents”
actions—»{al}

al : action|

form—£1[
cgi—get_quotes
method— “GET”
mandatory—+{attri}

]

source—>quicken

target—p2

p2 : webpage|
address— “quicken.com/investment /quotes”
title— “Quickenquotes”
contents— “quicken2.contents”
extracted_attributes—ticker_table

] attrl : simple_attr|
type—string
multi_valued—true
attr_form name— “symbol”

]

ticker_table : list_attr|

location—root().string(1, “Bid”).ancestor(1, TABLE).

span(child(2, TR), child(—1,TR))

item—ticker_item

]

ticker_item : record_attr[
location—
fields—+symbol, last, change, volume, bid, ask

]

symbol : atomic_attr|
location—child(1,A).child(1, #text)
type—string

]

last : atomic_attr|
location—child(1, STRONG).child(1, #text)
type—string

]

change : atomic_attr|
location—rchild(1, STRONG).child(1, #text)
type—string

]

volume : atomic_attr|
location—child(1,FONT).child(1, #text)
type—string

]

bid : atomic_attr[
location—»child(1, FONT).child(1, #text)
type—string

]

ask : atomic_attr[
location—child(1, FONT).child(1, #text)
type—string

Figure 4. Web Objects for Quicken Site
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caluserinterfacecanbegeneratedrom thesitedescription
— seeFigure5 for anexample.

One important characteristicof Web information is
that it may changefrequently News sitessuchas CNN
may be updatedevery hour, financial sitesusually update
stock pricesevery 20 minutes,weatherupdatescomeev-
ery 3 hours,online classifiedadschangedaily, andsoon.
In orderto accommodatéhis feature our systemletsusers
specifyfor eachquerytherefreshinterval, andin casethat
is not provided, the default is setto whatever smallerre-
freshfrequeny appearsn the setof pageshat contribute
tothequery

An adwantageof MyOwnVéb is that unlike existing
personalizatiorservicest doesnot requirea userto sign
up or provide ary personalinformation. As a result, it
is harderfor Web sitesto track the users usagepatterns.
Notethatthereareanorymizationservicesavailableonthe
Web[8] thatprotectusers’privacy, however, usersarestill
requiredto go throughthe sign-upprocesdor the various
Websites.

Onemightarguethattheuseof sitedescriptionsanbe
restrictive, sincethe useris limited to the descriptiongro-
vided by the service.Indeed,we do not expectan average
Web userto createsuchdescriptionssinceeventhoughit
is asimpleprocessit doesrequiresomeexpertise.And al-
thoughsite descriptionsanbe createdsemi-automatically
by example, it is not feasibleto cover the whole Weh In
the casea descriptionis not availablefor a site or service,
ausercanstill includeinformationfrom that sitein a per
sonalizedpageby simply bookmarkingthe desiredpage,
usinga mechanismwe call smartbookmarking[2]. Cur
rently, bookmarkingdynamically generatecbagesis not
alwaysfeasible.For example,if the pagehasbeengener
atedby a POSTrequestreferencingthe pageagain(after
the pagehasexpired from the cache)will resultin alogi-
cal or sener error. Moreover, certainsitesmaintaininfor-
mationaboutthe currentsessiorvia dynamicallyassigned
session-ids.In that case,all the pagesaccessedevenvia
the GET request)will have differentURLs if they areac-
cessedht differenttimes. In mostcasessuchsession-ids
arenot essentialin the sensghatremoving themfrom the
URL still givesthecorrectpage.Howeverin othercircum-
stancesnot specifyingthem, or usingan older session-id,
resultsin anerror. Smartbookmarkingcircumwventsthese
problemsby providing a record/replayfacility that trans-
parentlytracksthe users actions,and savesthe sequence
of actionsto bereplayedater

Implementation issues We now provide an illustrative

exampleof a possiblearchitecturefor MyOwnVeb in the

context of a userbrowsingon the webwith a Jasa-capable
browsef.

§Variationsof this architecturearepossible for example for thin Web
clientssuchasPalmPilot, Internetreadyphonesetc.

We assumehatthereis aWebsitethatactsasarepos-
itory of site descriptions. When a uservisits that site, a
signedappletis loadedinto his browser that lists the site
descriptionsvailablein therepositoryorganizechierarchi-
cally accordingto someontologychoserby therepository
designer The usercanchooseone or more descriptions
from that list, entera URL for a static page,or createa
smartbookmark. Whena userchoosesa descriptionand
the desiredoutputattributes,sheis presentedvith a setof
input attributesthatneedto be specifiedn orderto execute
the query againstthe underlyingsite. For simplicity, we
assumehat personalizatiorgueriesare againstindividual
sites. Queriesspanningmultiple sitescan be built using
a variation of query-by-example,which we term web-by-
example

On specifyingthe parameterdor eachquery along
with a refreshfrequeng, the appletcreatesa connection
with the browser, throughwhich it is able to modify the
contentsof the pagedisplayedin the browser The applet
thengeneratesa framesetwith eachframein the frame-
setcorrespondingo a personalizatiorquery specifiedby
the user The URL specifiedfor eachframe containsthe
completedescriptionof the correspondingjuery

Whenthe frameseis initially createdthe URL spec-
ified by eachframegenerates requesto the applet. The
appletreformulateshe requestinto one or morerequests
to the correspondindarget site, basedon its site descrip-
tion. Once a requestedpageis retrieved by the applet,
post-processingf the pageis performedto extractthe de-
siredinformation. Beforesendinga responsdnackto each
frame, the appletaddsan HTTP META tag to the docu-
mentwith theappropriatdrequeng at which thethe page
shouldberefreshed An exampleof a personalizeghageis
givenin Figure6.

Note that variationsof this architectureare possible.
Even thougha small lightweight appletthat doesnot al-
low any query reformulationis sufficient in mary situa-
tions,in generalgueryreformulationandoptimizationca-
pabilities are necessary Adding this functionality to the
appletcanconsiderablyncreasats size,makingit imprac-
tical be loadedevery time a userwantsto changehis per
sonalizatiorsettings.An alternatve architecturecanmake
useof a Jara-basedroxy, which the end-usemwould have
installedlocally, to performqueryformulationanddataex-
traction. The appletdescribedabove would simply gener
ate the frameset,with the URLs in eachframe referenc-
ing a specialsener addressThe proxy, uponreceving an
HTTP requestontainingthatsener addressperformsthe
queryreformulationalongwith the dataaccessandextrac-
tion, andreturnsthe contentgo the browser

It is worth pointing out thatMyOwnVé¢b canbe easily
extendedto provide changenotificationsto the underlying
information. This canbe achiezed by simply comparing



the resultsof a query againstthe resultspreviously saved
for thatquery Also notethat the ability to performdata
extractionallows usto specifycomplex notificationcondi-
tions. For example,the usercould specifythat the frame
containinghis portfolio shouldonly be refreshedf a spe-
cific stockpriceincreasedy 10% (or thatanemailshould
be sentto thateffect).

4. Related Work

Languagessuchas WebL [9], W3QL [11] and We-
bOQL [14] have beenproposedfor retrieving datafrom
Web sourcesUserscanwrite programsn thesdanguages
to accessWeb sites and extract their contents. In con-
trast, our site descriptionsare createdsemi-automatically
andusersarenotrequiredto know specificsof alanguage.
As abyproductourwrappersareeasieto createandmain-
tain.

WA4F[17] providesa human-assisteititerfacefor cre-
ating wrappers.Sinceit usesextensionsto the Document
ObjectModel (DOM) [6] to acces®lementsn a page the
generatedvrappersarenot robustto changego the struc-
ture of the underlyingpage. In contrast,our systemuses
XPointer[12] descriptionswhichlesslik ely to breakwhen
pagesaremodified. Othersystemsuchas[1, 3] try toinfer
the structureof a documenby combiningautomaticanal-
ysiswith userinput. Thesesystemsassumehey aregiven
a Web pageandignorethe factthata complex navigation
procesanight berequiredto retrieve suchpage.However,
their extractiontechniquesouldbeusedin our system.

A numberof languageshave beenproposedio cap-

ture servicedescriptionsand personalizatiorpreferences.

WIDL [15] is a proposalpendingwith the W3C which

attemptsto describeservicesoffered by Web sites. Un-

like site descriptions,WIDL doesnot have the concept
of mandatory/optionahttributes, and it has no support
for specifyingdataextraction. Channeldefinition format
(CDF) [7] is anotherproposalfor personalizingnforma-

tion receved by a user by allowing the userto specify
channelgessentiallynews feeds)that are periodicallyre-

freshed.However, it requireschangest the sener sideto

supportchannelsbrowsersupporto displaychanneinfor-

mation(only InternetExplorerallows this), andthe infor-

mationthe usergetsis restrictedto what the channelhas
to offer. In contrastsitedescriptiongequireno sener sup-
port,they arebrowserindependentandtheusercanchoose
whatever informationavailableonthe Weh

5. Conclusions and Future Directions

In this paper we usesite descriptionsas the basisof
anovel approacHor creatingpersonalizedveb pageghat
improveson existing servicesn threesignificantways:the
usercancreatepersonalizegageswith informationfrom
ary site;personalizeghagesanay containinformationfrom
multiple Web sites;and usersare entitledto more privacy
asthey arenotrequiredto signup or provide ary personal

information. We also describea simple extensionof the
serviceto supportchangenotificationsbasedn conditions
thatmay spanmultiple sites.

We are currently investigatingpossibleinterfacesfor
for creatingcomplex Web querieg(i.e., allows information
from multiple sourcesto be combined). The main chal-
lengehereis to designaninterfacethatis powerful andex-
pressve, yet easy-to-uséor the averageWeb user We are
alsolookinginto high-level declaratve languagéor speci-
fying thelayoutof personalizeghages.
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