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Abstract

This documentiscusse$fiow to developuserinterfacesof mobile devicesusingWebtechnologiesThe userinterfaces
provideintegratedaccesgo on-devicefunctionality andto Web-basedervices.The main benefitsof this development
approachare familiarity of comparablymanydevelopersvith AJAX BstyleWeb developmentye-useof a provenand
powerful browserengine,and easeof creatingmash-upsBasedon our experiencefrom prototypinga Phonebook
Mash-upon top of the S60 WebKit browserenginethe main remainingwork itemsare an AJAX framework,which
allow creatingWeb userinterfaceswith a mobile friendly userinterfaceandinteractionstyle, a usablesecuritysolution
for JavaScript access to local resources, and JavaScript performance improvements.

Introduction

Many application developersstruggle with the comparablysteeplearning curve of developingfor mobile device
environmentsuchS60,SymbianOS, and C++. In particular,developingthe partsof the applicationthat dealwith the
userinterfaceandtheinteractionseamgo be hard:Making a userinterfacesscaleto differentdisplayresolutionssothat
it will work on multiple device models. Navigation, interaction, and data input pose additional user interface
development challenges.

Typical examplesvherethesedevelopmenthallengesriseareenterprisedatainput andvisualizationapplications.
For this categoryof applications,amongothers,a scalableuserinterface,which works well acrossa wide rangeof
devices is more important than for instance pixel-perfect control over layout, or animations.

Mobile Device User Interfaces Developed Using Web
Technologies

The startinghypothesisof this work hasbeenthat Web technologiesare probablythe bestavailablesolution for our
development challenges. We assumed the main benefits of using Web technologies are the following:

¥ First, familiarity to developersand tools supportfor HTML, CSS,and JavaScriptare betterthan any other user
interfacetechnology By usingWebtechnologiesnobile userinterfacedevelopmentanbenefitfrom theincreasing
popularity of AJAX-style Web development.

¥ Secondscreenlayoutsdefinedin CSScanbe nicely scalable As mentioned scalabilityis importantwhenevetthe

user interface layout needs to adjust to a multitude of different form factors found across mobile device models.

¥ Third, whencomparedo C++ Ul programmingWeb userinterfacespromiseto be muchmore portable thougha
multitude of incompatibilities between browser engines exist.

¥ Fourth, providing the userinterfacein a multitude of local languagess essentiafor mobile deviceapplications.
Web technologies benefit from good and proven internationalization.

¥ Finally, the opportunityto implementWeb userinterfaceson top of an existing, provenbrowser,which needto be
availableon mobile devicesanyhowfor otherusessuchasa Web browser,insteadof havingto developa newand
dedicated rendering engine.
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We investigatedvhatimpactusing Web technologiesor developingthe userinterfacewould haveon the application
and operating architecture:

Wheneverthe applicationlogic is more complex,suchas protocol enginescomplexdataprocessingit shouldbe
developedseparatelyfrom the userinterface.This leadsto service-orientedpplicationarchitectureconsistingof two
layers:

¥ The userinterface layer consistsof the declarativeuser interface definition in HTML and CSS, and the user
interface-specific behaviour developed in JavaScript.

¥ Onthesecondayer,the applicationenginedevelopedn a programmindanguagewhich is moresuitedfor heavy
computational tasks than JavaScript, in our case C++ .

¥ A presentation-agnostiservice APl exposesthe application behaviour to the user interface. For ease of
developmentand efficiency this APl needsto be availablein JavaScripthence,languageinterworking between
JavaScript and the programming language of the engine is needed.

Hence we havemodified the architectureof AJAX-style Web applicationsby replacingthe REST-full interfacefrom a
distributed one, which utilizes XmlIHttpReq, to a local one based on JavaScript APIs.

Figure 1: Architecture of AJAX-style Web applications (left), user interfaces developed using Web technologies
(right), and mash-ups (combined).

Mash-ups of On-device and Web-based Functionality

The nextlogical stepwasto investigatemash-upsf alocal applicationand Web-basedervices Thanksto the useof
Web technologiesdevelopingof a mash-upis straightforward. We cameto differentiatetwo integrationoptionsfor
Web-based services:

¥ First, integrationon datalevel: The on-deviceuser interface exchangedata with the Web-basedservice,and
handlegransformingdatainto presentationandprocessingvents An examplefor integrationon datalevel would
be uploadingdigital imagesfrom the on-devicecameraapplicationuserinterfaceto the Flickr service.The camera
application user interface should utilize a (hypothetical) Flickr service API for uploading images via HTTP.

¥ Secondthe Web-basederviceprovidesits own userinterfacethat needsto be integratednto the locally provided
userinterface.Thisintegrationoption caninvolve downloadingmarkupandbr JavaScriptodefrom the Web-based
service,andinjecting this contentinto the on-deviceuserinterface.GoogleMapsis an examplefor integrationon
user interface level.



Mobile phonebook mash-up application developed using Web technologies

Implementation of Phonebook Mash-up

To verify and demonstrateour conceptswe developeda PhonebookMash-up demonstratorfor S60 devices: The
researctprototypeprovidesthe following functionality: Accessto the native S60 Contactsdatabasengine,integration
with Yahoo! People Search, and with Google Maps.

It wasimportantfor usto showthatthe userinterfaceswve developedisingWebtechnologiesouldbe asfunctional
and as usableas natively developedmobile device userinterfaces.To be able to compareour results,our prototype
follows the S60 user interface style:

We largelyre-createdhe commonuserinterfaceelementof S60usingWebtechnologiessuchasfiltered selection
list, tabs, and data editing forms. We disabledthe browserOfree moving virtual cursorand implementedjumping
highlight navigationin JavaScriptThis wasdoneby handlingthe raw key eventsfrom the 5-way cursorkeyson the
device. The prototype also supports application themes by switching between CSS style sheets, and localization.

For interfacingwith the S60 Contactsdatabasenginewe developedour own contactsserviceAPI in JavaScript.
Using this API, the user interface can search for contacts; it has read and write access to individual contacts.

Integrationwith Yahoo! PeopleSearchwas doneon data-level. We wantedto achievea similar userinterfacefor
contactsretrievedfrom the Yahoo! serviceasfor contactsfrom S60Contacts.Therefore the deviceitself providesthe
entire userinterfacefor Yahoo! PeopleSearch.ldeally, we would have useda REST API to the Yahoo! service.
However,we are unawaresuchan API exists. Therefore,we implementecthis featureby simulatinga Web browser
submitting an HTML form and then scraping the returned HTML result to get the contacts data from Yahoo!

The Google Maps licenseagreementequiresthat a 3rd party developerintegratesthe serviceinto his own Web
applicationby developingagainsta JavaScriptinterface Google provides. Thereby, Google providesits own user
interfaceto its service.The Google Maps userinterfaceoccupiesa rectangularpart within the userinterfaceof the
Phonebook Mash-up prototype.

This methodof integrationworked only half way for us: The GoogleMaps userinterfaceis designedor desktop
browsersonly. It requiresa virtual pointerfor featuredike zoomingin andout, for switchingbetweenstreet,satellite,
and hybrid mode.The biggestusability issueis scrolling the map. Supportingthis featurewith the setof keysandthe
interactionmethodof smartphonessuchas S60-baseghonesanda virtual pointerwould be hardto usefor average
usersNo otherpartsof the userinterfacerequirethe userthe Odragébntentusingan emulatednousepointer. To make
the GoogleMapsuserinterfacemoreusableonewould needto dig into its internals,which might leadto conflicts with
thelicenseagreementHence ,Googlewould needto beinvolvedin this usability problem(sidenote:the online, mobile
version of Google Maps fixes this problem, we did not use it for other reasons).

Figure 2: Screen captures of the Phonebook mash-up prototype running on a Nokia E61 (landscape, 320x240px
screen): First tab - Local contacts filtered as user types the search string below the list (left); Second tab - Yahoo!
People Search result (right). The entire screens consist of Web content, except natively rendered soft key labels. An
inconsistency of the CSS style applied to the Web content and the S60 theme for the native user interface is clearly
visible.
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Figure 3: Screen captures of the Phonebook mash-up running on a Nokia N80 (portrait, 252x416px screen, larger
font sizes than E61): Contact details from Yahoo! (left); Google Maps integration (right).

The browserenginethat was usedfor running the Web userinterfaceswas S60 WebKit. In additionto the already
mentionedJavaScriptinterface to the S60 Contactsdatabaseengine we also developedJavaScriptaccessto the
following functionality to support typical means of interaction of mobile user interfaces:

¥ First, JavaScripfunctionality for switchingoff the virtual cursor.As mentionedhe prototypeusesraw key events
to implement its own navigation method.

¥ Second,accesgo the S60 Options menu:JavaScriptcan add own optionsto the Options pop-upmenu,and can
receive an event when the option is selected.As figure 2 shows, using the native Options menu leads to
inconsistencie®etweenthe CSSstyle appliedto the Web contentand the S60themethat is usedfor styling the
Optionsmenu.Our learningis to keepthe JavaScripinterface,but to draw the Optionsmenuand soft key labels
with Web technologies as well.

¥ Third, accesgo theright andleft soft key labelling,andto eventsthatfire whenoneof thesekeysgetspressedFor
instance, the right soft key function changes from OBackO to OExitO depending on the context.

¥ Finally, functionality for switching between localized versions of text and image content.

Conclusion and Further Work

The PhonebookMash-up prototype has beenan encouragingexperimentfor us: We have beenable to use Web
technologiesHTML, CSS,andJavaScripfor developinga mobile deviceuserinterfacethatlooks andfunctionsvery
similar to a native user interface developed using the S60 framework and C++.

Especiallyencouragingor us is that large parts of the developmenwork could be doneby a userinterfaceand
graphicsdesignexpertwho wasonly familiar with basicAJAX BtypeprogrammingHe receivedsupportby a software
expert,mainly to developthe integrationsto Yahoo! PeopleSearchand GoogleMaps. The rigorousseparatiorof the
Web userinterfacefrom the restof the applicationgaveclearbenefits. The userinterfacedevelopercouldtreatthe S60
Contacts database engine as a black box.

Severakvaluatorcommentedhatthe ability to createmash-upsvasthe biggestbenefitof usingWebtechnologies
for them.They emphasisedhe potentialof integrationwith Web-basederviceson userinterfacelevel, but they also
acknowledge the problem of inconsistent user interface styles.

Basedon our experiencdrom developingthe PhonebookMash-upprototype,severalissuesremainto be solved
beforelarge partsof the userinterfaceof a mobile devicecould be developedisingWeb technologiesn a production
environment:

JavaScriptframeworks are essentialthat include common elementsof the user interface and fit well to the
interactionmethodof a given family of mobile devices.The purposeof sucha frameworkis to increasethe level of
abstractionof Web userinterfacedevelopmentand therebymake developmenimore efficient, lesserror prone,and
hopefully alsosimpler. The frameworkshouldalso makeit easierto follow a consistenuserinterfaceandinteraction
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stylewhendevelopinglocal andWeb-basegartsof the userinterface.Thereby the frameworkalsoimprovesusability
for thedeviceuser.Existing AJAX frameworksmay serveasa basisfor sucha framework,but we believethesecannot
suffice because they are generally optimized for desktop user interfaces.

New JavaScriptinterfacesto applicationenginesand datasourceson mobile devicesare needed Our prototype
includesaccessrom JavaScripto the S60 Contactsdatabasengine.However,introductionof suchinterfacescreates
new security issues, especially when these interfaces are available at the same time as allowing mash-ups:

Interfacesfrom JavaScripto applicationand operatingsystemfunctionality posea risk to userOpersonadataand
deviceintegrity. For examplein our prototype downloadedlavaScriptodecouldusetheinterfaceso the S60database
engineto uploadthe userOpersonabatato the Webwithout his agreementlt is not quit clearhow to solvethis security
problem:

The browserenginecould requestthe userOpermissionbeforeallowing JavaScripto acceslatform resources.
However,this is not a good solutionbecauset is neithersafenor userfriendly. An equally bad solutionwould be to
disablethe executionof downloadedlavaScripttode (disallowing cross-sitescripting). This would excludemany use
casessuchasGoogleMaps.Signingdownloadedcontentmight helpto verify the sourceandintegrity of the code. The
challenge here is how to grant signing certificates.

Finally, userinterfacesdevelopedusing Web technologiesjust like many other use casesfor AJAX-style Web
applications,lead to a sharpincreasein the amountof JavaScriptthat the browser engine needsto handle. The
performanceof JavaScripthbecomesa seriousissue,especiallyon mobile devices.Investigationsare neededhow to
speed up the execution of JavaScript, including dynamic updates to the HTML document and CSS.
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