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Abstract

Thereis a growing needfor techniqueshatprovide alternatve meango accessVebcontentand
services,be it the ability to browsethe Web througha voice interfacelike the PhoneBravser or
throughawirelessPDA or smartphone.The Webwasdesignedandworkswell for desktopcomput-
ers,to beviewedin large screenandthroughgood network connections However, usingthe Web
througha phoneor a smallwirelessdevice posesa numberof challengesin this paper we discuss
theissuesnvolvedin makingexisting Web contentandservicesavailablefor diverseervironments,
and describePersonalClippera systemthat allows casualusersto easily createcustomizedand
simplified) views of Web sitesthatarewell-suitedfor differenttypesof terminals.

1 Introduction

The ability to take information, entertainmentnd e-commerceon the go hasa lot of promise. The
wirelessdatamarlet is expectedio grow enormouslyin the next few years.In the US alone,Dataquest
expectsthatthe numberof wirelessdatasubscribersvill explodefrom 3 million in 1998to 36 million
in 2003. Thus,very soon,millions of peoplewill be ableto accesghe Web, orderservicesandgoods
from wirelessinternetdevices. However, the existing Webinfrastructureandcontentweredesignedor
desktopcomputersandarenotwell-suitedfor devicesthathave lessprocessinggoverandmemory small
screensandlimited inputdevices. In addition,wirelessdatanetworks provide lessbandwidth have high
lateny andarenotasstableastraditional(wired) networks.

Considerfor exampleaccessinghe Web from a personaldigital assistan{PDA) suchasthe Palm
Pilot. Currentwirelessdataservicessuchas Omnisky [14] run over CDPD!, whosethroughputrates
vary from 5-6 kpbsup to 12-13kbps. With a screersize of 160x160pixels on a 6x6cmsurface,it can
bevery hardto browsethroughlarge pageswith rich graphics.In addition,inputfacilitiesarelimited —
evenwith Palm’s Grafitti text input systemgenteringtext canbeverytime consuming.

In orderto addresgheselimitations of bandwidth,screenreal estate andinput facilities, thereare
threedifferentapproaches/modetsirrentlyin use:

1CDPD[7] is awirelesslP network thatoverlayson the existing AMPS (analog)cellularinfrastructure.



e Re-engineeringxisting Web sites: contentproviders createdifferentversionsof their Web sites
thatprovide contenformattedfor specificdevices.For example: TheNew York Timeshasapalm-
friendlysectionathttp://channel.nytimes.com/partners/palmpilot/index.html; amazon.com pro-
videsa specializednterfacefor Web-enablegphonesaswell asfor the Palm VII [2]; andvarious
otherWebsitesnowv have mobile phone-friendlyersiongsee[22] for alist suchsites).

e Creatingspecializedvrappes that export a different view of a Web page or service: third-party
servicesuchasbyair.com andoraclemobile.com provide wrappersvhichexportwireless-friendly
clippingsof a setof Webpagesandservicessuchasstockquotestraffic andweathetinformation.
Thesewrappergequireno modificationgo the underlyingWebssites.

¢ Using proxiesthat filter and reformat\Web content: proxies can be programmedo transform
contentaccordingto client’s displaysizeandcapabilities For example ProxiWeb[18] transforms
HTML pagesandembeddediguresinto aformatthatcanbedisplayedon a Palm Pilot.

But theseapproachebdave dravbacks(Table1l summarizeshe featuresof theseapproaches)Froma
contentprovider’s perspectie, having to createandmaintainmultiple versionsof a Web siteto support
differentdevicesis labor intensive and can be very expensie. The sameis true of specializedWeb
clippings,asprogramgor wrappershave to be createdor eachWeb site andtheseneedto be updated
every time the underlyingsite changes.From a users point of view, both solutionsarerestrictve, as
neitherall Web sitessupportall kinds of devices, nor wrapperbasedsolutionsoffer clippingsfor all
contentor servicesausermayneed.

Proxy transcoderspn the other hand, perform on-the-fly contenttranslationand thus, are a good
generalsolutionfor allowing usersto browvse virtually ary Web site. The kind of translationdoneby
theseproxiesincludereductionof imageresolution,modificationof HTML constructghat cannot be
effectively viewed in smallerscreenge.g., ProxiWeb rewrites pagesthat containframesso that they
displaythe links correspondingo the frames),andtranslationfrom HTML to otherlanguagesuchas
the wirelessmarkuplanguage(WML) [25]. But since Web pagesmustbe presentedas faithfully as
possible thesegeneralpurposeproxiesdo not performary personalizationr— Web pagesare always
displayedn theirentirety Thisis clearlynottheidealsolutionfor somebodyccessinghe Webthrough
a cellular phonewith a 3-line display Besides,somefeaturesare hard and sometimesmpossibleto
translate For example,existing browsersfor the Palm Pilot do hot supportlavaScriptandthus,it is not
possibleto guaranteehat pageswith JavaScriptwill behae correctlyin thesebrowsers.lIt is oftenthe
casethatproxiesarenotableto transcodeomple pages.

In thispaperwedescribehePersonalClippesystem PersonalClippeprovidesaplatformthatallows
end-usergo easily createand maintainpersonalizedclippings of Web sites. TheseWeb clippingsare
shortcutsto contentand servicesa user(or a groupof users)is interestedn, suchasthe CNN health
headlinesweatherinformationfor a specificcity, flight informationfrom Travelocity, or ones bank
balanceBy allowing usergo createheirown Webclippings,aservicecanbeofferedthatis personalized
and not restrictedto a setof supportedieb sites,and userscan easily customizesuchclippings for
specificdevices.



multi-versionsites | wrappedservices| transcodingproxies| PersonalClippe
creationcost high high n/a low
maintenance high high n/a low
personalization limited limited none high
coverage low low medium high

Tablel: Summaryof delivery techniques

The procesf creatingclippingsis quite simple: it requiresno programmingexpertise andcanbe
doneby casuaMWeb users.FurthermorePersonalClippegenerateslippingsthatarerobust to certain
changedo Web sites,andthusthe needfor maintenancés reduced.Unlike othersystemdor creating
personaportals(e.g., Portal-to-Gd15], ezlogin[9]), thePersonalClippesystenoffersprivacy: clipping
creation(andretrieval) canbe donefrom the users machine without the intervention of a third-party
sener.

Thestructureof the paperis asfollows. We startin Section2 with amotivatingexample.In Section3
we describeghe PersonalClippesystem jts methodologyandarchitecture Sectiond describediow the
PersonalClippectanbeusedto createviewsof pagesaindserviceghatarewell-suitedto differenttypesof
devices.Relatedwork is discussedn Section5. We concludein Section6 with somefuturedirections.

2 Motivating Example

Considerthe following scenario.Julianaplansto attendthe VLDB conferenceandsheis looking for
flights from JFK to Cairothatleave from JFK on SeptembeBth, andreturnfrom Cairo on September
16th. Shemusttake thefollowing steps:

e Goto http://www.travelocity.com

e ChooseheFind/Booka Flight option,
Enterthelogin information,
Choosehe 9 Bestltineraries option,
Specifydetailsof itinerary

This seriesof steps(depictedin Figurel) produces pagewith alist of alternatve flights. Now, if she
wantsto do this from her Palm Pilot througha wirelessmodem therearesomeproblems?

e manyinteractionsare neededo accessheflightspage: Giventhehighlateny andlow-bandwidth
of wirelessdataservices performingall thesestepsthrougha wirelessmodemor on a cellular
phonecan be hard (especiallyif a significantamountof information needsto be input), very
time consuming,and sometimesmpossible(e.g., certainpagesrequireJazaScriptwhich is not
supportedy micro browsers suchasProxiWeb[18] andAvantGo[5]).

2In fact, we were not able to accesghe Travelocity site using eitherthe ProxiWeb [18] browset which was not ableto
retrieve eventheinitial page,or AvantGo[5], which doesnot supportsecureconnections.
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e irrelevantinformationis downloaded:Mosttimes,oneis only interestedn a subsebf theinfor-
mation presentedn a Web page. In this example,not only the usermustdownload a seriesof
intermediatepages but shemustalso downloadthe whole Flights pageeven thoughshemight
only need say thefirst threeitineraries.Beingableto acces®nly the desirednformationis espe-
cially importantin thewirelesservironmentwherebandwidthis scarceandexpensve, andscreen
spacses limited.

If we considerthe example abore, the ideal would be to createa shortcutthat gives a one-click
accesgo thefirst threeitineraries(asshavn in Figure2). In general,it would be usefulif onecould
easilycreatenot only simple shortcutsput alsodifferentviews of Web sitesthat are bettersuitedto be
accessefrom differentterminals. In the Palm Pilot scenariojt would be usefulto reducethe number
of requiredinteractionsandthe amountof datainput andtransferred.For example,onecould createa
clippingtemplatefor Travelocity thatwould automaticallylogin, andalwaysfill in thedepartingeity and
preferredairline with default values andrequirefrom the userjust thetravel datesanddestination.

3 ThePersonalClipper

In this sectionwe describethe PersonalClippesystemandits architectureanddiscusghe mainissues
involvedin creatingandaccessinglippings.

Therearetwo stepsnvolvedin creatingebclippings:retrieving aWebpage andextractingelements
from aretrieved page. Giventhe growing trend of interactve Web sitesthat publishdataon demand,
retrieving theinformationfrom the Webis becomingncreasinglycomplicated Mary sites,from online
classifiedadsto banks,requireusersto fill a sequencef forms and/orfollow a sequencef links to
access pagethey need andoften,thesehard-to-reacipageannotebookmarled usingthebookmark
facilities implementedn popularbrowsers. In orderto createclippings of thesepages,the process
to accesgshemmustbe automated.Also, asdescribedn the exampleof Section2, oncethe desired
pageis retrieved, a usermay want to specify individual elementsof the pagesheis interestedn, so
thatirrelevantinformationis filtered out. A Web clipping thusmustencapsulat¢éhe actionsrequiredto
retrieve a particularpage andthe specificatiorof which elementshouldbe extractedfrom thatpage.

It is possibleto automatethe retrieval of pagesby writing programsin Java or in more specialized
languagesuchasWebL [11]. Onecanalsowrite Perlscriptsto extractindividual fragmentsof Web
pagesHowever, thisapproachs notfeasiblefor casuaWebuserghatarenotprogrammersln addition,
giventhedynamicnatureof the Web, maintainingtheseprogramsandscriptscanbevery costly asthey
mightrequiremodificationsavery time Websiteschange.

The PersonalClippeaddressetheseproblemsby providing a VCR-styleinterfacesimilar to the We-
bVCR [3] to transparentlyecordbrowsing steps;anda point-and-clickinterfaceto let usersselectpage
fragments. Furthermorethe systemusestechniqueghat enhancehe robustnessof clippings, so that
they work evenif certainchange®ccurin theunderlyingWebsites.

After aclippingis createdijt canbeaccessethrougha PersonalClippesener, thatmaybelocatedat
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ausers machineat a serviceprovider, or insidean Intranet. As Figure3 shaws, the PersonalClippeis
aWebservicethatacceptsequestdrom HTTP clients. A requesto the PersonalClippesener contains
anidentifier for a particularclipping®, which whenexecuted,accessea particularWeb page,clips it,
andreturnstheresulting(clipped)pageto therequestinglient.

The architectureof the PersonalClippesener is shavn in Figure 4. The PersonalClippesener
consistsof the following modules:1) the clipping DB, which storesclipping specifications2) the user
profile managerthat performsuserauthenticatiorfor sensitve clippings storedon the sener (e.g., a
clipping that retrieves a users 401(k) balance);3) the clipping schedulerthat periodically executes
clippings(if sospecifiedby theclipping creator);4) thecachemanagerthatstorescachedtlippings;and
5) the clipping executionengine thatinteractswith anHTML parserJavascriptinterpretorandHTML
contentextractor to executespecifiedclippings.

In what follows we give a moredetaileddescriptionof clipping creationandexecution. For easeof
presentationye restrictour discussiorto the scenariovherethe PersonalClippesener is hostedasa
Web-basedervicethata usercanaccessisinga Java-enabledVebbrowser

3.1 Creating Web Clippings

Webclippingshave two componentstetrieval andextraction.As depictedn Figure4, thePersonalClip-
perprovidesappletsfor bothtasks:therecoding appletandthe extractionapplet

In orderto createa clipping, a usermustfirst specifythe pageto be clipped. If the pagerequires
multiple stepsto be retrieved and doesnot have a well-definedURL, the usercan usethe recording

3As will bedescribedn Section3.2, requestsnay alsoincludeotherparametersuchasinputvaluesfor theclipping.
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appletto createthe scriptto accesshe page.Therecodingappletis a variantof the WebVCR[3]. It has
a VCR-styleinterfaceto recordbrowsing actions.Whenthe userclicks therecod button on the applet,
sheis promptedto input the URL for startingpagewhich is thenloadedinto a brovserwindow. From
thispointon, theappletmonitorsall useractionsin thatbrowvserwindow®. Thismonitoringis transparent
to theuser who cansimply navigateherway to thefinal pageasusual. Whenthe userreacheghefinal
page the sequencef recordedactions(i.e., links traversedformsfilled alongwith the userinputs,and
ary otherinteractionswith active contentonthepagé) is saved.

Duringtherecordingprocessif theuseris requiredto fill outforms,shecanoptionallyspecifywhich
field valuesareto be storedin the clipping specificatioritself, andwhich onesareto berequestedrom
the userevery time the clipping is executed. This allows the userto createparameterizedlippings.
For example,a clipping to retrieve stockquoteinformationfrom quicken.com canhave asa parameter
theticker symbol,sothatthe userdoesnot needto createa separatelipping for eachstock. Also, for
securityreasonsa usermay chooseto not to save certainkinds of informationsuchpasswrdsinsidea
clipping, or to save it encrypted.

In contrastwith the currentpractice of writing wrapperprograms(e.g., using languagessuchas
WebL [11] or Java), the PersonalClippesystemoffers an alternatve to quickly and easily createac-
cesswrappers/scriptthatrequiresno programming— creatingandupdatingthesewrapperss a simple
processnvolving only theusualbrowsingactions.

Oncethe desiredpageis retrieved, the extractionappletcanbe usedto specifythe fragmentsof the

“The appletaddsJavascriptevent handlersto all active elementson the page,and when an event fires, it recordsthe

correspondingction. For moredetailson themonitoringprocessthereadeiis referredto [3].
>Note however thatthis is currentlyrestrictedto handlingJaascript,and not arbitraryactive contentsuchas appletsand

pluginsonapage.



pagethatshouldbeextracted.An interestingproblemis how to identify thesefragmentsln generalary
extractionspecificatiorchosemeedgo provide theability to 1) addressndividual or groupsof arbitrary
elementdn a page,and?2) specifyrules(that usethe abose addressingcheme)o extractthe relevant
contentfrom the page.We wanteda solutionthatwasstandardpowerful, portableandefficient.

Ouir first choicewasto usethe DOM API [8] to specify extraction expressions.However this API
is ratherlimited, e.g., it doesnot allow the retrieval of tablesfrom an HTML document. We found
XPath [26] to be a better more flexible addressingschemethanthe DOM API. XPath views XML
documentsas a tree and provides a mechanisnfor addressingary nodein this tree. One dravback
of using XPathis thatit requirespagesto be well-formed. Sincebrowsersare very forgiving in this
respectmary Web sitesgeneratepagesthat are ill-formed (e.g., have overlappingtags, missingend
tags,etc.). Consequent|ythe PersonalClippesystemmustfirst cleanup HTML pageqe.g., usingtools
suchasHTML Tidy [10]) beforeuseranput XPathexpression®ver thedocumento specifythedesired
content.

The XPath expressiondelav extract the first threeitineraries(eachitinerary is representedby an
HTML table)from theflight selectionpageof the Travelocity exampleof Section2.

//html/body/center[2]/table[2] |
//html/body/center[2]/table[3] | 1)
//html [body [ center|2] /table[4]

//html/body/center|2]/table[position() < b and position() > 1] 2

/ [table[contains(string(),' price’) and position() < 5] (3)

Theseexpressionsan be rathercomplicated and writing them canbe an involved task. In addition,
there are multiple waysto specify a particular pageelement,and somemay be preferableto others
(asexplainedin Section3.3). To addresgheseproblemswe are currentlydesigninga point-and-click
interface that lets usersselectportionsof Web pages(as she seesthemin the Web browser), and it
automaticallygenerate®xtraction expressions. The point-and-clickinterfacewill provide userswith
differentlevelsof abstractiorthatcorrespondo a breadth-firssearctin theportionof thedocumentree
thatis visible in the browser For example,if a useris interestedn particularcells of a table,he must
first selecthetableandthen,zoominto thetableto selecthedesiredcells.

Figure5 illustratesa Web clipping specificatior(simplifiedfor expositionpurposesjor the Traveloc-
ity exampledescribedn Section2. Thefirst partof a clipping specificationcorresponds$o a sequence
of browsing steps(i.e., < URL >, < LINK >, and< FORM >). The< EXTRACT > ele-
mentscontainthe extractionspecificationsNotethatmultiple fragmentsanbespecifiedanduseranay
chooséo specifythesefragmentsaccordingo the terminalwherethey will bedisplayed.For example,
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if the clippingis to be displayedin a Palm Pilot, the usercould chooseto extractthe first 3 itineraries
(theextractiontagwith fragment_name =" first_3_itineraries’), whereasf theclippingis to bedis-
playedin a Web-enabledellularphonewith a 3-line display a singleitinerary may be preferablge.g.,

theextractiontagwith fragment_name =" first_itinerary’).

Giventhe unpredictabldehaior of the Web (network delays,unreachablsites,etc.),cachingplays
animportantrole in a PersonalClippesener. Userscanspecifyfor eachclipping, if andhow oftenit
shouldbe executed(e.g., weatherinformationfrom for a users hometown shouldberefreshedvery 6
hours)andcached.

3.2 Executing Clippings

After aclippingis specifiedjt canbe sared,anduploadedo a PersonalClippesener. Usersmaythen
accesglippingsvia URLs thatuniquelyidentify them.Usersmayfurtherspecifyadditionalparameters
suchasinput valuesfor clipping (e.g., the passwrd to access bankaccount);the modeof operation
(pull or push);whetherthe clipping shouldbe cachedandhow oftenit shouldberefreshed.

In the pull mode the URL invokes a CGI script at the sener, which in turn executesthe clipping
specificatiormndimmediatelyreturnsthe clippedcontentto therequestinglient. In the pushmode the
executionanddelivery of the clipping areasynchronousd,e., the clipping canbe returnedto the client
later, possiblythroughprotocolsotherthanHTTP (e.g., clippingscould be emailedto users).The push
modeis preferablevhenback-endVebsitesareslow or temporarilyunreachablegr whenthe enduser
cannotor doesnotwantto keepa sessioropenfor too longf.

The clipping executionis asfollows. The pagecorrespondindo the startingURL is fetchedand
parsedTheuseractionsarethenexecutedn sequencesomeof whichmightcausenew Webpagedo be
fetched.For example link traversalsareexecutedoy fetchingthecorrespondingRL; form submissions
areexecutedby first filling the form fieldswith the recordeduserinputs,andthensubmittingthe form;
andif thereareary Javascripteventhandlerson elementf the pagethe userhasinteractedwith, such
actionsarefilteredthroughthe Javascriptinterpretorto ensureghatthe samehandlerdire duringreplay

After thefinal pagehasbeerretrieved (andcleaned)theextractionexpressionsreevaluatedo extract
thedesiredcontent.This canbe donewith anXSLT [27] interpretorsuchasXT’. The extractedcontent
is thenreturnedo theclient.

Notethatall processindretrieval andextraction)is doneat the PersonalClippesener. Only select
portionsof Webpagesarereturnedo therequestinglient, effectively giving usersa one-clickaccesso
desiredcontentandconsiderablyeducingthecommunicatiorbetweerthe clientandthe PersonalClip-
persener. Thisfeatureis speciallyusefulin wirelesservironmentsvhereusershave to accesthe Web
throughhighlateny andlow-bandwidthconnections.

Since Web pagesmay changebetweenrecordand replay the PersonalClippeusestechniquego
ensurethatreplayinga sequencef recordedactionswill leadto theintendedpage,andthatthe correct

6SomewirelessservicessuchasSprintPCS,chagefor usagetime.
"XT is availableat http://wwwijclark.com/xml/xt.html.



< URL > http: //travelocity.com < /URL >
< LINK >
< text > null < /text >
< href > http: //dpsl.travelocity.com/lognlogin.ctl?tr module =
ATRG&SEQ = 1 < /href >
< target > null < /target >
< loc > opener.document.links[8] < /loc >
< /LINK >
< FORM ><! — —Loginform — — >< /FORM >
< LINK ><!— —9BestItinerarieslink — — >< /LINK >
< FORM >
< name >< /name >
< method > post < method >
< target >< /target >
< action > https: //dpsl.travelocity.com: 443/lognmain.ctl?
SEQ =1 < /action >
< loc > opener.document.forms[0] < /loc >
< ATTRS >

< ATTR >< name > trip option < /name >< loc > 5 < /loc >
< type > radio < /type >< prop > stored < /prop >
< val > roundtrp < /val >< /ATTR >

< ATTR >< name > depart_airport < /name >< loc > 10 < /loc >
< type > text < /type >< prop > stored < /prop >
< wval > JFK < /val >< /ATTR >
< ATTR >< name > depart.month < /name >< loc > 11 < /loc >
< type > select — one < /type >< prop > stored < /prop >
< selected_index > 8 < / >< text > Sep < /text >< /ATTR >
< ATTR >< name > depart.day < /name >< loc > 12 < /loc >
< type > select — one < /type >< prop > stored < /prop >
< selected_index > 12 < / >< text > 13 < /text >< /ATTR >
< /ATTRS >
< /FORM >
< EXTRACT fragment name =’ first_3_itineraries’ >
//table[contains(string(),’ price’) and position() < 5]
< /EXTRACT >
< EXTRACT fragment name =' first_itinerary’ >
//table[contains(string(), price’) and position() < 2]
< /EXTRACT >

Figure5: Web Clipping for retrieving theitinerariesfrom http: //www.travelocity.com
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fragmentsareextracted— evenwhenthe underlyingpagesaremodified.

3.3 Robustness|ssues

Usually changego Web pagesdo not poseproblemsto a userbrowsing the Web, but they do present
achallengeo a systenmthatperformsautomaticnavigation. In a sequencef recordedorowing actions,
somelinks maycontainembeddedessionds, andformsmay containhiddenelementghatchangdrom
oneinteractionto the next. Thus,for eachuseractionduring replay the PersonalClippesystemmust
locatethe correctobject (link, form or button) to be operatedon, and this canbe challengingin the
presencef changedo Webpagege.g., suchasaddition/remual of bannerads).

To ensurethat clippings executeproperly andretrieve the intendedpage,enoughinformation must
be savedfor eachaction. For example,for alink traversalthe PersonalClippesases: the DOM address
of thelink, its text andURL. During replay if an exact matchfor the link cannotbe foundin a page,
heuristicsare usedthat try andfind the closestmatd for it. For a more detaileddiscussionon the
heuristicsused,see[3]. Notehowever thatif the pagestructurechangesadically theseheuristicamay
fail, in which casethe clipping will needto bere-recorded.

Extractionexpressionganalsobe maderobustto changedo Web pages.For example,in the XPath
expression(1) above, if anew center tagis addedo thedocumenttheexpressiorwill nolongerretrieve
thecorrecttables.Besidegheindex of the particularnodeto be extracted the specificatiormayinclude
extra informationthat helpsthe systemidentify certainelementsf the indiceshappento change.For
instancethe XPathexpression(3) specifiegableswith anindex lessthan5 andthatcontainthe “price”
string — this expressiorwould still retrieve the correctitinerarieseven if newv center tagsareadded.
Rolustnesganalsobeimproved by addingredundang in the specificationfor example,the pathfrom
therootof thedocumento theelementandsomecontetual information(suchassurroundingext) [16].

4 Delivering Clippingsto Diverse Terminals

The PersonalClippefunctionsasa Web service,andasFigure3 shaws, the destinatiorfor the clipped
contentcanbe ary useragentthatunderstand$§iTTP (e.g., a browseron a users desktop). The Per
sonalClipperplatform canthus be usedto createpersonalportalslike mynetscape.com that puts to-
gethetWeb clippingswith informationfrom variousWebsites,andthatuserscanaccesgrom their Web
browserswith a single-click. The PersonalClippecanalsobe usedin conjunctionwith othergatavays
andtranscodingoroxiesto provide contentto devicesthatdo not handleHTTP/HTML, for example,it
canbeusedtogethemwith a WAP gatevay.

Therearemary benefitsto usingthe PersonalClippefor delivering informationto diverseterminals.
By offloadingall processingandmostnetwork communicatiorto a sener, it fits well the thin-clientar
chitectureusedfor wirelessdevices.In addition,by customizingandfiltering contentt cansignificantly
simplify Web pagesmakingthe job of transcodingoroxiesa lot easier In this section,we examinein
more detail someof the issuesinvolved in usingthe PersonalClippem conjunctionwith transcoding
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proxies.For simplicity, we focuson WAP proxies.

The WirelessApplication Protocol (WAP) is basedon a 3-tier architecturewherethe centralcom-
ponent,the gatevay, is responsibldor encodingand decodingrequestdrom wirelessdevicesto Web
senersandvice-versa. As Figure3 illustrates,asa userbrowsesthe Web througha Web-enabledel-
lular phone requestaresentto a WAP gatavay. The WAP gatavay decodesaindexecutegherequests
(e.g., aURL fetch). Whentherequestediocuments retrieved from the Web, it is translatednto WML
(WirelessMarkup Language)appropriatelyencodedandreturnedto the phone. SinceWAP gatavays
talk HTTP andHTML, it is straightforvard to useary existing WAP gatevay togethemwith a Personal-
Clippersener.

WAP providesa pushframevork [23] thatcanbe usedin conjunctionwith the PersonalClippepush
modeto provide batch/asynchronowntentretrieval. Theusagescenarids asfollows. An enduserre-
questsa clipping from a PersonalClippesener by specifyingits URL andoptionallya setof parameters
(e.g., thefrequeng of push).The PersonalClippesener would thenactasa pushinitiator, periodically
retrieving andfiltering thespecifiedcontentandpushingt to theusers device via apushproxy gatevay.
Notificationservicescould alsobe built usingthe pushmechanismFor example,rulescould be added
to theclipping specificatiorthatdictateunderwhatconditionstheclipping shouldbe pushednto thede-
vice. For devicesthatdo not supporta pushframework, differentmechanismsnaybe used:specialized
seners/gaterays could be layeredon top of the PersonalClippeto sendinformationto pagers.email
addressegyr convert contentto speechandsendit to a voice mailbox.

To enablesecuree-commerceservicesandto allow endusersto accessensitve information(e.g.,
401(k) balance) thereneedsto be a mechanismnto provide securitybetweenthe device andthe back-
endWeb sites. Sincethe PersonalClippesener executesequest®n users behalf,it is not possibleto
establistanend-to-endecureconnection Thenext bestscenarids to have two secureconnectionsone
betweerthe device andthe PersonalClippesener, andanothembetweernPersonalClippeandthe back-
endWebsite. For WAP devices,thisrequiresWTLS (WirelessTranspori_evel Security)[24] to provide
application-lgel security ratherthansecureconnectiondetweerthe useragentandthe WAP gatevay
only. In thisscenariofor devicesthatcannothandleHTML, thetaskof transcodingherequest/response
mustbe performedat the PersonalClippesener, sincea separataVAP gatevay would not be ableto
accessheencrypteddataflowing from the PersonalClippesener to the WAP device.

Note that tighter couplingbetweenthe PersonalClippeandtranscodingoroxiesis possible. In this
scenario,the PersonalClippecould be usedas a universalsener that acceptsrequestdrom various
devicesandreturnscontentformattedaccordingwith the type of the device — multi-device clippings
could be createdhat specifyhow the clipping shouldbe displayedin differentdevices. A DEVICE
tagcouldbeaddedo clipping specificationgseeFigureb), for example:

< DEVICE type =’ cellular phone’ model =' nokia9000’ >

< DISPLAY fragment =' first_itinerary’/ >
< /DEVICE >

The DEV ICE tag may also containinformation aboutgeneralcapabilitiesand characteristicof the
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device, assuggesteih theW3C CC/PPnote[6].

5 Related Work

The areaof informationdelivery to heterogeneoudevices hasattracteda lot of attentionrecently In
the domainof wirelessdevices suchas PDAs and cellular phones the WirelessApplication Protocol
(WAP) initiative [25] is working on standardsolutionsto enablewirelessusersaccesso securereliable,
statefultransactiorservicesvia resourceconstrainedportableterminals[12]. The main objectves of
the WAP Forumare: to bring Internetcontentandservicego digital cellularphonesandotherwireless
terminals;createa protocolthat will work acrossdiffering wirelessnetwork technologiesgnablethe
creationof contentandapplicationghat scaleacrossa very wide rangeof bearemetworks anddevice
types.WAP thushasthepotentialto enableransport-indepetent client/serer communicationsessions
from portabledevices over wirelesslinks. However, WAP also facesimportantchallenges.WAP is
basedn a 3-tierarchitecturavherethe centralcomponentthe gatavay, is responsibléor encodingand
decodingequestérom wirelessdevicesto Websenersandvice-versa.Giventhegrowving compleity of
Websites(e.g., the presencef scriptinglanguagesgynamiccontent,malformedcontent) transcoding
canbe very hard,andin practice,mary pagesand servicesare just not amenableo transcodingand
cannotbeaccessethroughWAP. By allowing usergto easilycustomizeservicesandfilter outirrelevant
contentand comple featuresthe PersonalClippesystemgreatly simplifies the transcodingprocess,
increasinghe Webcoveragefor WAP devices.

The simplificationof transcodingappliesto domainsotherthan WAP. The PhoneBrwser[17] pro-
videsa programmablelatform that gives the generalpopulationof Web pageauthorsthe meansfor
building Interactve Voice Respons€IVR) systemswithout having to own ary IVR equipment. Web
IVR applicationsare currentlybuilt usingtranscodersuchas Spyglass’Prism[20]: contentproviders
write Prismscriptsto transcodexisting pagednto versionsthatmoreamenabldo beingreadout. The
PersonalClippesystemcan be usedas an alternatve to automaticallygeneratehesescriptswithout
requiringuserso write programs.

In theareaof informationintegration,mary systemsandtechnique$ave beenproposedo wrap Web
sites. Most of the work in this area,though,focuseson extractingstructurefrom semi-structurediata
(e.g., [4, 1]). Theextractorcomponenbdf the PersonalClippesystemis notconcernedvith undestand-
ing thestructureor discoveringtheschemaof theunderlyingdata,but in providing robustmechanism#o
identifying high-level HTML or XML syntacticcomponentge.g., thefirst tableaftera specificstring).

Thefirst versionof PersonalClippeusesXPathto addresspecificcomponentso be extractedfrom
Web pages.Otherlanguagesouldalsobe usedfor this purposefor exampleWebL [11] or thescheme
usedoy W4F[19]. Thesdanguagegrovide goodmechanism#o extractfragmentdrom documents-in
somecasesthey areeasierto usethan XPath. However, XPathis awidely acceptedtandarcandthere
arefreely availabletoolsto process<Pathexpressions.

Recently therehasbeena proliferation of personalizatiorsystemswhich offer servicesthat range
from notificationsaboutchangedo certainWeb pages(e.g., Mindit [13]) to the creationof personal
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portals(e.g., Portal-to-Go[15], ezlogin[9], Yodlee[28]). Thesesystemshave somedravbacks,most

notably:
e Limitedcoverage: serviceffer clippingsfor alimited numberof sites.For example,Yodlee2Go

[28] allows usersto checkflight info on Expedia,but it doesnot allow usersto acces€Expedias

rentalcarservice$
e Ladk of privacy: in orderto usetheseservicesusersareforcedto go throughthird-partyseners

thatcanobsere all userinteraction(passwerdsinputaswell ascontentretrieved).

The PersonalClippesystemaddresseboth of theseproblems:it letsuserscreateclippingsfor virtually
ary Website/pageandby placinga PersonalClippeseneratausers machinejt offerscompleteprivacy
— clippings can be createdand accessedvithout the needto go througha third-party sener. It is
worth pointing out thateven thoughthe main motivation for PersonalClippeis to provide personalized
Web clippingsto end-usersthe systemcanalsobe usedby portal servicego simplify the creationand
maintenancef specializedvrappers.

6 Discussion

ThePersonalClippeprovidesaplatformthatletsend-usersiswell ascontentproviderseasilycreateand
maintaincustomizedandsimplified) views of Webpagesandservices.Thesecustomizedlippingsare
easyto create(clipping creationrequiresno programmingexpertise);requirelow maintenancéthey are
robustto certainchangesn the underlyingWeb sites);they arehighly customizableandclippingsmay
be createdor virtually ary Website.

Whenusedasa Web service the PersonalClippesener performsall processindpageretrieval and
contentextraction) requiredto constructa clipping, and returnsto the requestingclient just the final
clipping. By reducingthe numberof interactiongequiredto retrieve hard-to-reaclpagesandallowing
usersto customizeclippings so that needfor datainput is diminishedand only the desiredcontentis
retrieved, the PersonalClippecanbe anintegral partof athin-clientarchitecturgor contentdelivery. It
canbe speciallyusefulin ervironmentswhereusershave to accesghe Web throughhigh lateny and
low-bandwidthconnections.

Furthermorein conjunctionwith transcodingyatevays,customizectlippingscanbe usedto provide
contento devicesthatdonothandleHTTP/HTML, for example it canbeusedogethewith aWAP gate-
way. An importantadvantageof usingthe PersonalClippein this scenaricomedrom thecustomization
andcontenffiltering, which cansignificantlysimplify Webpagesmakingthejob of transcodingproxies
alot easier

Finally, it is worth pointing out that Web clippingscontainusefulinformationaboutthe capabilities
of Web servicessuchasfor instancethe attributesneededo retrieve a certainWeb page. It would be
interestingo investigatdf andhow this informationcanbe usedto facilitatenot only thediscovery and
selectiorof specificservicesput alsothe procesf combiningdifferentservices.

8Note that even thoughezlogin.com[9] offers the option for usersto createtheir own Web clippings, they arenot ableto
createclippingsof certainhard-to-reacipagesthatfor exampleinvolve JasaScriptactions.
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