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Glossary

Accessky A markup medanism for de ning a keyboard shortcut
API  Application Programming Interface
Browser SeeUA

Browsing basednavigation Hyperlinked documert-basednavigation whereusersmove
through an interface without a speci ¢ goalin mind

CC/PP Composite Capability/Preference Prole. A RDF basedlanguagefor de-
scribing a device

CHTML CompactHTML. Also written ascHTML

CLDC ConnectedLimited Device Con guration

CPU Certral ProcessingUnit

CSS CascadingStyle Sheetswhich areusedto de ne stylistic attributes to cortent

Desktop Also known as a workstation. The familiar xed networked personalcom-
puter, with powerful processorsl|arge displays, soundoutput, large amourts
of memory and persistert local storage.

ECMAScript The javascript programminglanguagede ned by the ECMA-262 stan-
dard for performing browser-sideactions.

GPRS GeneralPadet Radio Service

GSM Global Systemfor Mobile communications
HDML Handheld Markup Language

HTML Hypertext Markup Language

HTTP Hypertext Transfer Protocol

I-mode Information Mode by NTT Docomoof Japan

Inline A Web pagecomponert sud asan imageor a soundaccompairying the page.
They are automatically downloaded as part of the page rather than those
showvn only when you selecttheir link.

IP Internet Protocol
IT Information Tednology

MIDP Mobile Information DevicePro le
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MIME Multipurp ose Internet Mail Extensions (RFC 2045/2046/2047/2048/204,
IETF)

MMI Man Machine Interface, or just interface
MMS Multimedia MessagingService

Mobile Small sized,light weight wirelesscomputing device. Primary useis that of
a phone. Extended battery life.

PC  Personalcomputers,alsoknow as desktop PC, or just desktop
PDA PersonalDigital Assistarts

RAS RemoteAccessService,usually in context with a Internet dialup servicewith
a modem

RDF ResourceDescription Framework

Scalability A technique that is as suitable for a small amourt asit is for a large
amourt and vice versa.

SGML Standard GeneralisedMarkup Language
SMS Short MessageService,usedfor instant text messaging

Tag soup The term\handled astag soup'refersto how UAs in reality liberally parse
HTML. The parseris neither an XML or SGML parser.

Transaction basednavigation Multistep goal orientated navigation for performing a
settask

UA The useragen (UA) is the client application that requestsa documert from
an HTTP sener. Browsersare examplesof user agens, as are Web robots
that automatically traversethe Web collecting information. [Wor01]

UAProf UserAgen Proles [KRW* 04]
URI or URL Uniform Resourceldenti ers or Uniform Resourcelocater

Validator An application which is usedto ched the validity of HTML markup, for
exampleto detect bad or deprecatedelemens. A validator helpsto ensure
that the documen can be parsedand usedby all useragerts.

W3C World Wide Web Consortium
WAE WirelessApplication Environmert
Web Accessibiliy Web accesdy everyone regardlessof disability

WML WirelessMarkup Language



WWW World Wide Web or just Web

XHTML The Extensible HyperText Markup Languageis a family of current and fu-
ture documert typesand modulesthat reproduce,subsetand extend HTML,
reformulated in XML.

XML XML (Extensible Markup Language)is a meta-syrtax, usedto create new
languages

XSL Extensible StylesheetLanguage(XSL) is a languagefor creating a style sheet
that descrikes how data sert over the Web using the Extensible Markup
Language(XML) is to be preserted to the user.

XSLT XSL speci es the styling of an XML documert by using XSLT to descrike
how the documert is transformedinto another XML documert that usesthe
formatting vocabulary.



1 Intro duction

Accessingthe Web from a mobile is a Web engineeringproblem. The Web's pre-
sentational markup is designedfor the desktop PC, which makesWeb cortent and
servicesdi cult to scaledown to a mobile. This problem blocks an important av-
erue of information accessfor many peoplewho are more likely to have a mobile
devicethan a desktop device. If parts of the Web are unavailable to mobile users,
it will fragmert and dewalue the notion of the universalinformation interface.

The original application of the mobile deviceis voice comnunication. Howewer the
mobile device doeshave a limited meansof input, display and growing computing
power to provide a platform for an information service. Today popularity of mobile
devicesis only matched by the Web, wheretrends indicate the Web being the most
important information servicespace[Ree02. Facilitating Web accessrom a more
commonwirelessmobile devicecouldyield an eraof information accessibiliy to usher
in the European Union's goalsof an Information Scciety [Eur04]. Theseconverging
worlds of the wired Web and wirelessmobile raise se\eral researb problems,from
how to produce,retrieve, renderand interact with information in order to make the
mobile a viable, usableand accessiblanformation appliance.

The thesisis chronologically organisedto assessigni cant past and current mobile
related dewelopmerns in researb and realisedimplemertations. Each generationof
the mobile deviceis de ned in the cortext of its typical capabilities and operating
ervironmernt. Mobile software implemertations of technologiesproviding informa-
tion servicesare evaluated alongwith their troubled relationships. Theseapplication
technologiesinclude WAP's WML, GSM's SMS,NTT Docomo'sCHTML to W3C's
XHTML and an analysisof how they are converging [HMK98].

Engineering device independen information services[Kir02] is an integral theme
for solving the thesis question of how limited mobilesand the information services
of the Web cornverge. Researb o ers di ering approadiesto mobile information
accesg[Mar02] [Ran03 [MPS03] [BKGM™*02], the W3C and the mobile industry
implemenations of WAP/OMA. The W3C portfolio of mobile related technologies
[DKMRO03] [KRW* 04] [BIM*00] [WDSR02Z [CVJ01] and working groups [Wor01]
will be the bendimark when ewaluating di erent approades for discerning Web
cortent.

1.1 Scope

The application layer is the focusin the thesisand hencebearernetworks, network
protocols and bandwidth e ciency will not be coveredin detail. The application
layer will focus on the markup languageof the information. Badkend application
sener logic and Web applications will not be covered. The thesiswill concenrate
on the European Union mobile markets, as opposedto di erent and di cult envi-
ronmerts abroad. Mobile deviceplatforms will be biasedtowards the market leader
vendor Nokia. Mobile computing devicessud as laptops are excluded from the
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thesisby their similarities with desktopsand their comparatively short battery life.

Voice basedinformation servicesprovided by VoiceXML and other related speet

technologieswill not be included in the thesis. Other advancedtelephory services
sud aslocation-basedserviceswill not be addressed.Multimedia applications and

proprietary plugins will be largely avoided in order to conceitrate on the basic yet

challenging problem of delivering text basedcortent to the mobile.

The thesis alternates between the terminology Web author, engineer, publisher,
designer, deweloper and so forth. They all describe the personwho cortributes
cortent or servicesto the Web via the Web API. We take the approad that there
IS no separationof concernswhenit comesto deweloping for the Web.

Making the Web available on the mobile is related to the usability eld, interna-
tionalisation e orts, accessibiliy of the disabled, a ordabilit y, cortent scalability,
interoperability standards, multi-modality and deviceindependence. Notice many
of these elds overlap, asdeviceindependencas de ned by the W3C as\Accessto a
Uni ed Web from Any Devicein Any Context by Anyone'[WorO1] demandsse\eral
disciplines. This thesis concludesby o ering insight into past, current and future
technologicaltrends for realising the ubiquitous information application.

2 First generation of the mobile Web

There are a wide rangeof mobile devicessud asPersonalDigital Assistarts(PDAS),

book readers,smart watches, pagersand car navigation systems. Howewer in this

thesis, the focus is on the popular handheld wirelesscellular mobile phone device
or just mobile asit is referredto here. Mobiles equipped with information services
are also called\enhanced phones"by the industry [Gar04. The mobile device or

simply mobile is de ned as a small battery powered wirelessInternet networked
computing device. Fast pacedtechnologicalprogresshasswept the terms multimedia

and network PC asideand likewisesmall computing deviceswill ewlve to make the

term mobile out dated. For examplethe mobile we know now could be permanertly

xed on a kitchenwall in the near future [BLO4].

The mobile's primary purposeis for voice comnunication acrosscellular networks.
There were asmany as 500 million GSM usersworldwide in the year 2001and now
in 2004 more than 1000million usersworldwide accordingto the GSM assaiation
[EMCO04]. Strategy Analytics says global salesof mobile phoneshit a record of
516 million in 2003, with a predicted 13% growth expectedin 2004. The mobile
devicemarket leaderat 34.8%is the Finnish compary Nokia [BBCO04]. In Europe
Mobile penetration is over 70%[Web0443, with the GSM assaiation's 147 European
members claiming to have 425 million usersin Decenber 2003.

The World Wide Web (or Web) is the universalinformation spaceof the Internet.
The Web's open distributed architecture provides information serviceswith global
identi ers called Uniform Resourceldenti ers (URIs) [Jac03]. The Web in cortrast
is accessedypically by a powerful desktop personal computer, which is referred
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to and described as the desktop computer. Determining the amourt of desktop
Web usersto compareto mobile usersis dicult. One can argue the boom of
the IT bubble at roughly the sametime period indicates explosive growth. The
latest measuremets indicate the American online Internet population is at least
200million usersstrong [Nie04]. In Europe gures by eMarketer [Rya04 claim that
Europe will have 255 million Internet usersby 2004. However mobile subscriptions
outstrip Internet subscriptionsall over Europe accordingto Gartner in 1998. Despite
these tentative market statistics, we can concludethat mobile usersout number
desktop usersmaking the mobile the eminert consumercomputing device.

The stakeholdersinvolved with the mobile Web are:

Mobile devicemanufacturer. e.g. Nokia or Motorola
Operating systemplatform provider or vendor, e.g. Synmbian or GNU/Lin ux
Mobile operators or network serviceproviders. e.g. Vodafoneor Radiolinja

Web deweloper or author. A Web application provider sud as Google or
Amazon.

Useragert or browserdeweloper, sud as Opera or Mozilla

Web user, surfer or consumer.The personwho requiresall of the above via a
userager to accesshe Web

Standardsauthorities. Sud asthe OMA, W3C and GSM assaiation

On desktop systemsthe device and platform componerts are blurred betweenthe
PC hardware manufacturers sud as Dell and the operating systemWindows with
a bundled user agert Internet Explorer. Nokia arguably |l theseroles, with their
mobile products providing the hardware device, their operating system and often
including their own in houseuseragen for browsing the Web.

As mobile comnunications have not beena part of the Internet comnunications,
thesedomainshave divergedby rapid dewelopmerts in recen years. If the Web can
be accessedy the mobile devicethis would allow millions of more peopleto have
conveniert accesdgo information. Bridging this divide betweenmobile and the Web
is hencecrucial for realising an Information Scciety [Eur04] by allowing millions of
more peopleaccesdo the information interface of the Web.

The mobile was seenby the industry as a viable platform for information services
as early as 1997, whilst Internet usershave beenup to this point using a desktop
computer to accessnformation. The next sectiondiscusseshe di erences between
devicesat this early period and subsequeh sectionsshav how initial attempts to

createa mobile information appliancebegan.



First generation of the mobile Web

Decemler 1996
January 1997
December 1997
February 1998
April 1998
Decemler 1999
June 2000

W3C CSS,level 1

W3C HTML 3.2

WAP Forum founded
CHTML Note to W3C

WAP 1.0

W3C stopsworking on HTML
WAP 1.2.1

Second generation of the mobile Web

Decemler 2000
January 2002
June 2002
January 2004

W3C XHTML Basic

WAP 2.0 white paper

WAP Forum consolidatedto OMA
Composite Capability/PreferencePro les

Table 1: Timeline of the mobile information appliance

2.1 Environmen t

In this thesiswe are concernedwith accesgo information servicesvia the mobile.

The mobile's typical characteristics however poseshardware restrictions, that need
to be considered. First and foremost, a mobile is a telecomnunication device for

voice comnunication. Most mobiles are designedto be operated as a telephone
handset, held in one hand betweenyour ear and mouth. As the deviceis designed
for voice commnunication, one might considerthe device better suited for accessing
informational voice cortent. Besidesthe technical demandsof a voice operated mo-

bile, character basedor text cortent is a far more e cient way to accessnformation

for a variety of reasons.Text is not time dependen asthe speet equivalernt is. A

user can naturally chooseany speedfrom to re-readingslowly, or skim over large

amourts of text at leisure. Text is also much more versatile and can by easily ma-

nipulated. For exampletext can be redirectedto di erent outputs sud asa braille

terminal for the visually impaired to access.Voice interfacesare often intrusive or

di cult to usein crowded and noisy mobile environmerts.

Thereforetext displays complemered ewen the earliest mobiles, with battery and
connectivity information and typical extras sud asan addressbook. Thesedisplays
ewlvedto a generic2to 5 line display from which the mobile information appliances
originated.

Most of the speci cations in table 2 are especially variable with the mobiles' hard-
ware range. The screensize in pixels is probably the most signi cant di erence
betweenthe mobile and desktop. Mobile screenresolution area are typically less
than 5% of their desktop courterparts. Knowing the screenresolution does not
necessarilyallow you to concludehow many lines of text or how many rows and
columnsthe devicecan render. A high resolution device might display one line of
text, whilst a low resolution devicecould tightly pad a large amourt of text on the
screen.Howeer a higher resolution screendoeshelp the legibility of text, therefore



| Characteristic | Mobile | Desktop |
Screenresolution 50x30to 150x100 640x400to 1024x768
ScreenColours Monochrome 16 bit
Fonts Single Se\eral
Software upgradable| No Yes
SMS Yes No
Input Non-standard numeric based| Qwerty keyboard + mouse
Network Non-IP IP
CPU Power Low High
Data storage Very limited (<1M) Large and versatile
Power supply Limited Unlimited

Table 2: Broad comparisonbetween rst generationWeb devices[Kam98]

a higher resolution screenindicatesthat more text can be rendered.

First generation mobiles' displays supported text and some simple graphics too.
Those that did support graphics could only render them if they were within the
resolution of the mobile screenand only in reducedl bit format. Another limiting

feature of mobile graphicsdisplays were that sometimesthe pixels were not quite
square, but rectangular so authors neededto remap their image to take this into
accourn in orderto make the imagelook correct. Styling elemerts using coloursand
di ering fonts and sizeswerenot well supported at this stage,including morelogical
stylesof emphasisverenot implemerted either. This generationof the mobile device
typically had only support for a Western European character set, which usually
requiredtext in di erent languagedo be transliterated. The desktopuserageris at
this stagehad far better international support.

As mobileshave a history of beingdi cult for usersto upgradeand maintain, they
are often referredto asappliancesinsteadof madines. An appliancehasrestrictions
wherely you throw away and replaceif somethinggoeswrong, whilst a madine
allows the freedomto be maintained and repaired.

The Short MessageService (SMS) is an instant messageservice available on the
GSM network for mobilesand not part of the Internet domain. An interoperable
device independert information messagingservicewould been of great bene t of
unifying the desktop and mobile deviceand pave the way to multimodal accesgo
small texts. At least SMS has shovn the mobile as capableinformation devicein
section2.3.

Inputs on mobile phonestypically have seeral cortrol buttons and the number
buttons (0-9). The popular WAP phone pictured in gure 1 alsohasa proprietary
NaviRoller(tm), which assistspagescrolling. Someother mobileshad touch screen
interfaces.Importantly thereis no standard on what or how inputs arelaid out on a
mobile. Whilst on a desktopa gwerty keyboard and mousehave becomea de facto
standard.

GSM networks allowed mobilesto restrictive accesgo the Internet via dial-in seners
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(GSM data). The wirelesscharacteristicsof a narrow channelmadeconnectingto the
Internet a slow, unstable and expensiwe operation [KAIM99] comparedto desktop
access.The network usually wasa non-IP connection,although all theseconnectivity
restrictions largely depend on underlying commnunication bearers.

Figure 1. Nokia 7210WAP mobile phone

Data memory storage limitations were an acute problem with the rst mobiles
equipped with WAP. Each mobile generally has its own unique size limits. This
makesit extremely di cult to dewlop for, asthe deweloper may nd their applica-
tion unableto t onthe mobile whilst it did on another. Desktopscomputersof the
sameerahad many times the memory sizeand other signi cant software advantages
sud asvirtual memory provided by the operating system. Mobile CPUs are in the
1-10MIPS classlike many other enmbeddedsystems. Desktop CPUs have hundreds
of times more CPU power.

Electrical power supply of a mobile is restricted to a battery, which degradesover
time. Desktopsare always connectedto mains AC power. Notice that CPU hun-
gry applications consumemore power. Thereforemobileswith increasedprocessing
power, also require better batteries. Mobile displays are often illuminated only
briey to eciently make use of the power. This often proves a nuisancewhen
readingtext on a mobile.

The mobile can be and is typically operated whilst on the move, whilst a xed

desktopis operated from a deskin a sitting posture. Readingand paging through
information in text demandsconceiration, henceit is worth consideringthat a
mobile usermay have to assumea stationary stable posture when accessingertain
cortent too. However for the most part, the mobile is operated with one hand and
the informational cortent is just glancedupon whilst active or resting. A mobile
is alsousedin a hands-freeenvironmert, and is a legal requiremen in seeral Eu-
ropean courtries when driving. This mode of operation is referredto as\eye-less’
Comparedto the desktopthe mobile deviceexhibits a di erent paradigm for device
usagein a dynamic mobile outdoors ervironmert.

The output di erences betweena mobile and a desktopis an open scalability prob-
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lem. The predominart information interface of the Web should be able to scale
to any output. In practise scalability meansthat cortent hasto be of relative di-
mensionsin order to be resizedcorrectly. If the Web is unableto scaleto di erent
outputs, then a new static medium is created speci cally for eat device (device
dependence). Each new medium for eat devicetype risks redundart information
due to incompatible or di erent interfacesand being simply out of date with the
original content.

Ideally when you browse the Web with any device, the information would be the
same. For an example compare screenshotsfrom di erent device user ageris in
gures 12, 13, 14 and 15 at the end of the thesis. They demonstrate how the
information of the Web page scalesbetweendi erent devices. This demonstrates
deviceindependencewith no lossof information.

The term deviceindependencds usedto descrite methods in which cortent is to be
widely deployed acrossany terminal or device. This in turn givesthe Web greater
accessto people who are without expensive xed desktop computers and hence
part of the larger e orts of eld of Universal accessibiliy of information. Device
independencesharesprinciples of Web accessibiliy initiativ e (WAI) and that is

de ned as Web accessby eweryone regardlessof disability. Device independence
might bring the information to the mobile, but if the information is not usablesud

as navigable or understandablethen it is said to lack usability and accessibiliy.

Accessibility is not only about ensuringthat disabledpeoplecanaccessnformation,

the meaningis often broadenedto ensuringthat the wide variety of usersand devices
can all gain accesdo information.

In 1997the WAP Forum wasfoundedby GSM industry players Ericsson,Motorola,
Nokia and Unwired Planet. Their task was to standardise wirelessinformation
services.This was prompted by large network operators unwilling to acceptvarious
incompatible proprietary techniques for delivering servicesto mobiles o ered by
vendors at the time. The WAP Forum is the authoritativ e sourcefor the WAP
speci cation, a standard on rst generationmobile information appliances.

2.2 WAP Forum

The WirelessApplication Protocol (WAP) is the de-factoworld standard
for wirelessinformation and telephory serviceson digital mobile phones
and other wirelessterminals.

Main Objective of the WAP Forum (1999)

The WAP Forum is unlike Internet standardsorganisationssud asthe Internet En-
gineeringTask Force(IETF). The body chargeda preventive enrance feefor mem-
bersand operateda closeddesignprocess.e ectiv ely excluding Internet engineering
veterans and small businesses.The WAP Forum objectives aimed to provide an
application framework leveraging digital data networking standards of mobile net-
working technologiesand Internet technologiessud as XML, URLs and cortent
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formats. Their resulting product WAP is not a single protocol, but a list of proto-
colsand speci cations for speci ¢ devicesin a speci ¢ environmert.

The rst objective from the WAP architecture speci cation [WAP98a] wasto bring
Internet cortent to digital cellular phones. Unfortunately at the time WAP was
touted asthe \W eb in your hand", incorrectly implying that anything on the Web
was now available on the mobile. This was damaging, as WAP does not directly
conbine Internet serviceswith the mobile device. WAP usesthe Wireless Markup
Language(WML), not the typical HyperText Markup Language(HTML) of the Web
and WML is not compatible with HTML. WAP Forum's e orts were on providing
a channel for information serviceson the mobile device. In e ect the WAP Forum
de ned anewmediumasif onewanted to transfer information from a printed media
source,email, the Web, onewould haveto transform it to t into their newly devised
architecture under WML.

The secondlisted objective wasto createa global wirelessprotocol speci cation to
work in di ering wirelessnetwork technologies. WAP is a set of protocols reimple-
merting wirelesscourterparts of eat menber of the stadk of Internet protocolsfor
wirelessoptimisation. The WAP Forum has been criticised for deweloping a new
set of protocolsin a short spaceof time that increasesthe chancesof design,im-
plemenation and security aws, instead of conceitrating on improving the Internet
Protocols [Val00]. Recall from table 2 that mobile device software is not easyto
upgrade,thereforea long and expensiwe software testing is essetial to ensurequal-
ity. It is dicult to determine why exactly the WAP Forum did not use existing
widely implemerted Internet Protocol whilst others sud asthe Japanesecompary
NTT Docomodid. Although the technical details of how exactly NTT Docomodid
this are not publicly available. The WAP Forum departedfrom Internet standards,
separatinginformation spaceby creating an incompatible divide betweenmobile and
Internet domains.

The third objective wasto enablecortent creation that scalesacrossa wide range
of bearer networks and device types. Content authors should not have to worry
whether or not their content will work on di erent mobile hardware. If they did,
then most authors tend to support the most popular mobilesand as a consequence
neglectothers. Created cortent shouldjust work by scalingacrossall devices,with-
out having the author to intervene. After all WAP is a standard for information
publication on mobiles,thereforeit should prevent casesvhereauthors are required
to ne tune the display of their cortent for di erent mobile devices.However WAP
Forum's WML doesnot scalefor reasonsaddressedater in this section.

The fourth objective was to enbrace and extend existing standards whereer ap-
propriate. This is a point of contention. WAP Forum did embrace standards, by
basingtheir WAP stad on similar IP elemens however they extendedthe original
standardswith wirelessoptimisations without necessarilycortributing bad to the
standard's processor ensuringcompatibility. WML justi es this claim as a hybrid
between Handheld Markup Language(HDML) and HTML standards, that broke
compatibility with both formats.
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Figure 2: WAP architecture comparedwith the Internet's Web [WAP98a]

The WAP Forum de ned the WirelessApplication Environment (WAE) asWMLScript,
WirelessTelephory Application (WTA, WTAI), cortent formatsand WirelessMarkup
Language (WML). WMLScript is a complemetary technology to WML, loosely
basedon a subsetof ecmascript. WTAI o ers telephory APIs to GSM network
functions for exampleto initiate a call from a WML page. WTAI will not be dis-
cussedasthere is no commonly usedexisting schemeon the Internet to compareto
and it is not directly related to the thesistheme of Web accessibiliy. Besidesmany
mobile useragens had no implemertations for WTAI. On the objective for de ned
content formats, WAE de ned phonelnok, calendarformats aswell as a new black
and white bitmap graphicsformat usedin WML.

The WAP Forum's speci ¢ approad to setting a standard for wirelessinformation
appliances,setsa precedeh Their organisational objectives demonstratea depar-
ture from deviceindependenceand Internet standards.

Wireless Markup Language(WML) is a tag baseddocumen languageapplied to
represeting generalinformation. WML is specied as an XML documen type
and is speci cally designedto support the small narrow-band constraints of the
mobile. WML is basedon a subset of the Handheld Device Markup Language
(HDML) 2.0 [Hyl97], which is a signi cant departure from the HTML standards
utilised on the Internet's WWW. Preserttation tags wereintroducedfrom\physical”
markup elemens in HTML, which cortradicted W3C's policy of the time to separate
content and style [LB96] and derided the importance of the logical, informational
and semaric markup.

HDML asa markup languageis targeted for handheld devices.It was not designed
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for devicessud as printers, projectors, PCs and therefore can not be descrited
as a deviceindependen language. HTML was arguedin the HDML proposal as
being unsuitable mainly dueto its hypertext or browsing navigation model. HDML
instead proposeda transaction basednavigation rather than the documen-based
paradigm of HTML. This is the fundamenral di erence betweenWML and HTML
and it leadsto seeral consequencethat the cortent author needsto worry about.
A cortent author now needsto generateanother separatemobile version of their
Web documert and think about how a userwill transact with their cortent in small
use casesto t the new navigation model. This forcesauthors to undertake the
expensi\e costsof devicedependert engineering.

HDML advocatesarguedthat desktopbrowsersprovide more corntext than mobiles
could. Desktop context sud astitle bars, URL displays and history merus, to help

userskeeptrack of wherethey are. Title bars, URL displays and history functionsare

alsoimplemertable in WML micro browseruseragens. Another argumen wasthe

assumptionthat madine distillation of data will losedata deemedasimportant by

the author. Machine distillation or text summarisationat the time seemednevitable

if onewanted to usea mobile to accesdVeb information. HDML forced authors to

rethink the structure of their information in order to make it brief and accessible
on a handhelddevice. However, in practise HDML did alsosu er from verbosetext

problemsof the Web. Despitethe criticism for HDML, it did succeedo becomethe

basisof WML.

WML inherits the ded of cardsmetaphor from HDML, however WML is not badk-
wards compatible with HDML. The basic componert of a ded is an atomic card,
it can not be broken down to smaller parts without losing cortext. Cards amourt
to a ded, that in turn makesup an application. Cards becomediscrete units of
data, you have typesof cardsfor examplefor entering data and cardsfor an index
listing. The reasoningis that multiple typesof data on a single card would result
in alossof context. This segregationof data is said to motivate a navigation model
that is multistep goal orientated (transaction) based,as opposedto the browsing
navigational model of the Web. When the WAP compatible useragert on a mobile
accessea WML ded, it readsthe whole dek and navigation betweenthe cardsin
this ded is donewithout the needto load any more data. This should have madea
ded application's cards quick to navigate between, although this was let down by
often slov and unresponsiwe interfacesof mobile useragens in practise.

A signi cant problem wasthat the sizelimits of the card and the ded varied from
mobile to mobile. With no concretelimits a WML application will work unpre-
dictably and requiring authors to ne tune their application between devices. A
closerlook at the WML speci cation revealsthat it was designedfor Man Machine
Interface (MMI) Independence]WAP98b]. Stresswas put on useragens to decide
how bestto presen a card. A card is allowed to be broken up acrossse\eral units
of displays. Howewer a card is already a broken down elemen of a dek and now
allowing further fragmertation arguably defeatsan authors e orts of break down
the information from a documert into atomic cards. There is a underlying problem
in the model and that is the sizeof the card cannot be declaredotherwiseyou limit
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how the model scales.If screensarelargethen alarge card sizeis desirable. Howewer
if using a display of the sizeof a wristwatch, an author would want the cardsto be
the sizeof a serience. Hencethe card and dek metaphoris devicedependen and
doesnot scalefor the mobilesit was designedfor.

Another consequencéor meeting MMI independencewas an abstract speci cation
for layout and presenation, in order to let vendorschoosehow to implemert the
user interface. The reasoningwas that userinstead of using numeric inputs, could
perhapsusea voice basedinterface. Howewer voice basedinterface in practise has
not beenwidely implemerted. Authors had to now optimise their WAP servicesfor
di erent mobile phones,asthey would never know exactly how a WAP mobile would
renderon di erent mobiles. This abstract speci cation resultedin implemertations
leaving out important navigational corvertions sud asthe bad button from mobile
interfaceswhich harmed usability.

International support wastouted by the WAP Forum, as enablingthe presenation
of most languagesand dialects. In practise mobile phonesfor di erent markets
(Europe, Asia, Americas) had di erent limited font setsbuilt in. This meart that
even though European WAP implemenations may have understood Unicoded Chi-
nesecharacters, they were unable to render them on the screenof mobiles. As a
workaround authors could attempt to substitute image bitmaps represeting the
unavailable glyphs. However many mobile useragens could not make imageglyphs
hyperlinks to click on like text asthey missedsupport for imagesancdors. Early
mobile internationalisation which is required for universalaccesswvas poorly imple-
merted.

Popular desktop browser user agerns sud as Internet Explorer [The04 have no
native support for WML, therefore deweloping or viewing WML cortent from the
Internet typically involved a cumbersomeand inaccessibleJava applet. WML was
alsodi cult to accesson a mobile device,as WML had to be strictly well formed
XML otherwisethe device could not processit. By comparisondesktop browsers
would show invalid HTML without complairt, becauseof error recovery routines of
the \tag soup” parser. WML browsersdid not have a\tag soup” parserto handle
invalid markup, hencea reasonwhy error recovery on micro-browsersare described
asungraceful. For authors programmatic errorsin their cortent wasinevitable while
transferring information from the original HTML format to WML. Hence WML

userswould often be denied accesgo information. As a result, budgetsfor WML

testing e orts by many Web design rms had to increaseto accommalate this. A

signi cant debuggingproblem with mobilesis that it is very dicult for a userto

messagehe responsibleparty in casean error occurred. Many WML browserswere
unable to shav the addressof where the user was, or the cortact details of the
Webmaster. If the mobile user knew the Webmaster'semail address,the userwas
unable to email and report the problem from the existing WAP implemernations.

On a desktop reporting a problem was possibleas browser implemertations were
commonlyintegrated with an email messaginglient. Not beingableto recover and
debugerrors as well asthe desktopdomain doesnot improve WAP cortent.
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Figure 3 shavs a mobile is requiredto go through a gateway medanism via a dial-
in sener or Remote AccessService(RAS) to accessSVML cortent from the origin
sener via the Internet. The gateway asserbles padkets and encalesordinary text
WML into tokenizedand compressedVML (WMLC) for wirelesstransmission. This
compiled compressedinary data acceptedby the mobile client minimisesthe size
of the data, aswell as minimisesthe computational energyrequired by the client to
processthe data. Binary XML compressions a good choice for small les and low
powered devices.Howewer later dewelopmerts have underminedthe compiled XML
binary strategy, with wide deployment and satisfactory generalpurposecompression
with gzip [Lew03]. Howewer poor gzip performancewith small data and the local
processingoverhead may have beenseenas too high for the ervironment at this
time. The WAP gateway talks to the mobile using the WAP protocol stadk and
translates the requestsit receivesto normal HTTP. This assistscortent producers
as they can use their existing HTTP Web seners, without having to implemen
and deploy the WAP protocolsthemseles. Besidesoptimising cortent for wireless
transmission,the gateway actsasproxy to cade cortent and rew all to help protect
the mobile network from intrusion. Somegateways were con gured to dery access
to WML pageswith invalid markup, degradingthe userexperienceby silertly failing
not allowing the browseror User Agent accesdo information. Every WAP mobile
requiresa gateway to accessthe Internet, howewer it is a common misconception
that the gateway and other applications are cortrolled by the mobile operator. For
examplebanks and other nancial institutions had to put the WAP proxy within
compary premisesdueto a security vulnerability that prevented end-to-endsecurity
[Paa0]. The addedthird party of a WAP gateway demonstratesthe complexities
of putting middleware betweenthe client and sener.
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Figure 3: Gateway binary compressingVML

Network operatorswould often employ a walled gardenmodel, wherely their mobile
customerscould only accessWML cortent they sanctioned. This blocked users
from accessinga servicewhich was not part of their provider's garden. Another



16

usability problem required usersto manually erter gateway settings or possibly
changenetwork providers all together if they wanted to switch gateways.

Mobile browser user agerts, gateways and the standard WML itself all su ered
from various implemertation problems due to pressuresto market these parts of
an information servicesquickly. Browser's usability was neglected,gateways had
security and scaling problemsand the standard WML was quickly incremened to

1.2 and then revisedto 1.2.1to correctinitial bugs. As a markup languageWML

was a novel approad to promote transaction basednavigation, howewer it did su er

from the sameaccessibiliy problemssuc asverbosetext asdid its documert based
HTML competitor.

When evaluating WML it is dicult not to get entangled in the complexeconomic,
technical and political issuesof the wirelesslandscage. That shovs that WML

was so constrained,that arguably more important elemeits of this special markup
languagesud as a study into how well its card and dedk semartics or its binary
XML featuresworked, were never reaced. This indicatesWML never matured into
a competert markup languagefor information. WML asa speci cation of the WAP

protocol stack did play its own part in its demise,asit isolateditself from the Web,
cortent authors, desktop devicesand usersexpectations.

2.3 SMS

The Short MessageService(SMS) application of mobilesdeseresto be mertioned,
asit provesthat the mobile can be usedasa platform for a text driven information
application. SMS popularity can be attributed to se\eral factors, including:

Part of the initial GSM standard
Simple interface
Sizelimit of 160\w estern" characters

Pricing model

The GSM standardis digital andincludeda provisionfor relaying short data padets.
The application for the transmissionof small texts through the GSM standard is
SMS. Practically every GSM compatible mobile phoneis able to sendand receiwe
SMStext messagestherefore SMS had a distinct advantage over WAP in terms of
deploymert.

The simple e ective interface in the bounds of the mobile, allowed a userto read
and write messagegasily and quickly. The SMS application is very well integrated
with the device,asthe interface provided direct keysto read and write the messages.
Other usability enhancemets included predictive text input, to speedup text input
on a numeric keypad. SMS s hencea usableaccessiblanobile information applica-
tion. The xed sizeof 160 charactersensuredmessagesvere short and hencefast
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to read. The solid limit forced usersto carefully composetheir text message# a
e cient manner. The succes®f SMSa rms compactly written text asan essetal
property in high information transfer.

The SMS pricing model unlike WAP is a xed chargeper messageert. This charge
was not time dependen and clear, whilst a pay per-useWAP subscription wastyp-
ically basedon time, which wasdi cult to determineby a user. If SMSusedWAP,
you would be chargedfor time it takesto pick up your messagesaswell asthe time
it takesyou to write and sendthem. This detracts accessibiliy, as some people
take longerto type out messagethan others[CCVWO04]. SinceSMSwasunlike the
Internet's email whereit costsalmost the sameto send1000messagessit doesto
send one messagethe servicehas beenfortunately largely free of spam. Howewer
mobile operatorshave usedSMSability to push messageto the user'sSMSapplica-
tion in order to advertise servicesesgecially while a useris roaming under a foreign
operator. The push application are consideredimportant commercialapplications
for broadcastinguserscortent. Pushedcortent could be messagesapplications or
servicessud as weather forecasts, news or stock alerts and reminders. As nei-
ther CHTML or early commonWAP implemenrtations have native push application
support, specially formed SMS messagesave beenusedto deliver pro table push
servicessud asringtonesand logos. As mobilescan be carried with userswhereer
they go, the mobile is a profound direct target for marketeersand hencethe scoge
for abuseis signi cant. If and how push messagings implemerted on mobilesin
the future will be an important issuefor the mobile as an information appliance
and how it will distinguish itself from the W3C's Web wherethere are no plansto
standardisesud a medanism.

SMS has not succeededeverywhere as in the USA market the size limit of 160
charactersis not a standard. Pricing is not as simple, as userscan get charged for
receiving a text message. Additionally SMS transport is highly unreliable between
competing providers. For thesereasonsSMS hasnot succeededn the USA market,
asit hasdonein the European markets.

SMSis so successfuin someEuropean markets that it is now the dominart appli-

cation on users'mobiles. Although SMSis primarily a commnunicative application

rather than an informative one, SMS can be implemerted within the Web frame-
work. Hugely popular Web servicessud as Microsoft's Hotmail o er email within

the Web architecture. And similarly Docomo'sl-mode and other Japaneseservices
useemail instead of SMS.Email will arguably replaceSMSapplication in the future.

Howeer in the short term sizelimits could be a problem and the added overhead
of the subject eld. Incidentally the SMS sizelimit of 140 octets which translates
to 160 7-bit characterswill not survive the variable-length encalings of the inter-

national character set of Unicode. It will be a key milestone when SMS losesits

profound dominart position on the mobiles platform to email. As email has been
encapsulatedby Webmail on desktops, SMS should also follow the trend by also
corverging to a messagingapplication within the Web architecture. Another key
milestone for the Web applications that run on a mobile UA is whenit competes
with the native SMS application.
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In conclusionSMS demonstratesthat the mobile's physical dimensionsare not pre-
verting it from becomingan information appliance [Nie00]. This simple pervasive
standard with an easyto understand pricing model by operators, integrated and
polished SMS useragert by vendorsare key factors of a text driven mobile applica-
tion.

24 CHTML

The greatestachievemen of "i-mode" serviceis its cortent dewelopmen.
In this cortext, our choice of adopting an HTML subsetasthe Markup
Language,was the key to maximising the variation and quality of con-
tents.

Keiichi Enoki, Member of the Board and Managing Director, Gateway
BusinessDepartmert, NTT DoCoMo, Inc.

Compact HTML (CHTML) is the markup languageused by the popular I-mode
servicein Japanby the NTT Docomomobile telecomnunications compary. I-mode
is not part of the WAP architecture and the implemertation details are not avail-
able, exceptfor a documert submitted to the W3C detailing their compactmarkup
language.The designgoalsof CHTML were [Kam98]:

Completely basedon (then) current HTML W3C recommendations
Create a lightweight speci cation
Can be viewed by a bladk and white display

Can be easily operated by users

As a subsetof the HTML markup language, CHTML cortent dewelopers had a
vast amourt of existing HTML resourcesreadily available in 1998to draw upon.
The speci cation was easyto understand, as it is almost half the size of WML's
asit did not have the notorious dedk of cards metaphor. Docomo'sCHTML based
servicereducedthe time to market asdewelopersdid not have to learn a new markup
language.

Meeting CHTML's light speci cation goalsertailed dropping elemeits that are now
conveniertly consideredaccessibiliy issuedCVJ01]. Most formsof embeddedstyling
sudh asframes,imagemapsand tables. Thereforeby correctly cutting down on the
then heary HTML speci cation, designersnot only madeit easierfor the mobile
deviceto render pages,but also made the pagesmore accessiblefor the end user.
Practical implementations and experimerts shaved that CompactHTML wasuseful
for small screenof 5-10 text lines and 10-20 characters wide. The speci cation
included recommendedimits on input bu er sizesthat helped relieve authors from
worrying about individual implemertations of mobiles.
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Notice that the Japanesdanguagehasfar more complexlanguagerepreserations
than Europeanlanguages.That makesit technically moredi cult to input charac-
ters on the mobile. The mobile platform in Japan has overcomethesechallengesto
becomea viable information appliance.

A compatibility benet of CHTML, is that CHTML can be renderedby a typical
desktop browser, making it easierto dewelop for and allows end usersto swap onto

a desktop madine and retrieve the sameinformation. In practise desktop users
could not view CHTML I-mode cortent as I-mode operated a wall garden model
whereit was free for cortent authorsto add their cortent to I-mode's seners, with

usersrequiring a subscription. Theoretically CHTML o ered the possibility for
multimo dal accessdetweenthe mobile and desktop. If you are readinga CHTML

documernt on the desktop, but then you needto leave, you could nish readingthe
samedocumert at the sameaddresson the mobile deviceand vice versa. With WAP

you would needtwo di erent versionsof the documert which bearsa switching cost
for information to transfer betweenand for usersto navigate upon. CHTML asa
subset of Web standards achieved device independernt accessibiliy of information

betweendevices.

Attributing the succesof the hugely popular I-mode Internet information service
to CHTML alone would be incorrect. The I-mode service charged per byte of a
9600bpspadket switched data link and incorporated a conveniert aggregation of
small transactions of content providers' servicesinto one monthly bill. Theseare
two important factors they were missing from WAP servicesavailable at the same
time that in uenced useradoption of the service.

I-mode'sserviceshavsthat animplemertation of an accessiblesubsetof the Internet
standard HTML was a successfuktrategy. WAP's strategy against HTML's nav-
igation model was defeated,as I-mode's successs now emnulated by current WAP
Forum standardswhich explainedexplainedin detail in the section3 about current
trends.

2.5 W3C's Web

The Web boomedin about 1996 which derailed the Web from its W3C standards
tracks. The standards of this time if implemerted were plagued by proprietary
vendor extensions. These presertational extensionsand enhancemets introduced
by browserand plugin deweloperswereaimedto meetthe demandsof cortent authors
and to compete for a share of the new Web marketplace. As a result the W3C in
an e ort to reac consensuwvith implemenations by the market leaders,Netscape
and Microsoft, recommendedHTML 3.2.

HTML 3.2asa standardinadvertertly introducedatrend in Web designthat is still
prevalert today, with poor use of presemational markup. The FONT and TABLE
tagsin particular allowed graphic designersto create visually appealing Web sites.
Web pageswere now basedon presetational instead of structural principles for
marking up information. For example many cortent authors used an elaborate
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physical font face with a certain size instead of logically using the rst heading
tag H1 for the title of the page. Now a madine is unable to determineif the text
markedup in aFONT tag is of any semaitic importance. The table tag for tabulated
information was abusedby authors to accomplishcomplex nestedlayouts sud as
multi-columned magazinepages. Tables are computationally expensiwe to render
and they broke text ow by having to grow and shrink the table if the text size
changed. Using font and table tags made browsersunable to properly resizetext
or the text ow when scaling, which is neededwhen displaying cortent on a small
screen.Hencethe then 3.2 markup standard of HTML featured elemens that were
di cult for mobilesto access.

The W3C standardisedthe frameelemen in HTML4 in 1998that reducedscalability

and broke Web navigation down from a singleto a sequenceof navigation actions
[Nie96]. Frameswere usedto keep userslocked within an application, making it

dicult for them to leave. Bookmarking a page within a frameset often would

not work as a user expects. Besidesthe usability problems, it made Web design
more complex and comparableto WAP's WML card and dek metaphor. It was
complicatedfor browsersto render as ead frame within a framesetwas a separate
renderedpage. HTML frameswereunfortunately widely usedasa meansto helpuser
navigation. This shovs HTML lacked satisfactory meansof overview navigation.

This prompted WAP Forum's decisionto adopt HDML for solving thesenavigation

related problems. The W3C's bloated 3.2 speci cation madeit a poor candidate
for WAP's markup language. Future W3C speci cations needto shedproblematic
elemerts, in order to be light weight enoughto be implemertable on a mobile.

Bitmap graphicswere introducedto the Web in Novenber 1993 with the Mosaic
browser. Graphics are now usedextensiwely in Web sitesfor not only shaving pic-

tures, but alsoabusedcommonlyfor cortrolling visual layout with cortentlessblank
and spacerimages. It is good Web practise to put alternative text to descrike the

imagesshown, exceptthis practiseis not widespread.ldentifying presemnational im-

agesfrom the semairtics of the informational cortent they stylise is a problem. The

main problem with all bitmap imagesis that they do not scale. A technology that

fails to scaleis very di cult to display on high resolutionscreensaswell asit is the

low resolution screenscharacteristic to that of a mobile. There are workaroundsto

increasingimageaccessibiliy, but it demandscomputationally expensiwe techniques.
Tedniguessud asimageresizing,corverting coloursand croppingto an interesting
feature have high processingand memory requiremens. Thesetechniquesunfortu-

nately still often leadto unsatisfactory results on the mobile with degradedimages
and slow rendering. The bitmap graphic formats of the Web GIF, JPEG and PNG

all presen problemsfor mobilesto access.

BesidesW3C standardsother proprietary Web technologieshave establishedthem-
seleson the Web, sud as Adobe's Portable Documert Format (PDF), Macrome-
dia's Flash and Real's Realplayer. Many authors make extensiwe useof theseclient
sidetechnologiesthat madesitesdi cult to accesdrom other platforms that do not
have these proprietary clients for theseformats. Theseclients exploited the abun-
dant resourcesof the desktop and henceinappropriate for a limited mobile of this
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era. Other organisationsrequire animation and interactivity and are unwilling to
wait for W3C technologiesto catch up with what is already commerciallyavailable.
Multimedia like bitmap imagesall pose seriousaccessibiliy issuesto the mobile,
especially multimedia often needsfurther output devicessud as a sounddeviceor
3D graphics. The sounddeviceon most mobilesis not easily audible from a hand-
held position. Wide use of non-standardsin Web cortent is extremely challenging
asstandardsneedto not only catch up with them, but alsoreplacethem. The W3C
needstime to createthem and authors needtime to migrate to them, henceleaving
mobilesinaccessiblego disruptive, but exciting Web technologies.

The W3C sanctionedStandard GeneralisedMarkup Language(SGML) basedHTML

of this era allowed malformed markup and as a result the Web is malformed too.
SGML's grammar allowed malformed markup that would be incorrectin XML suc

asa missingendtag. SGML's exibilit y wasbalancedwith a large speci cation and
rare implemenations of it. SGML parserswere often incomplete and as a result
browsers employed even more liberal, unpredictable and nonstandard\tag soup”
parsers. At this time in order to stay compatible with leading browsers,competing
browsershad to enulate the unpredictableway that the most popular browserwould
deal with poor markup. Thereforewriting a browserfor the limited rst generation
mobile and maintaining userexpectationsby emulating quirky behaviour of browsers
of the desktopwas very di cult. \T ag soup"is tolerant to authors' mistakes, but

hard on the computer. At the time the mobile utilised the XML markup language
that is harder on people,but easieron the computer. Howewer a new markup lan-
guagefor the Web will not x all the user errors of SGML's legacy on the Web.
Browser parsersmust be liberal as usersexpect pagesto render. Dernying accesgo

a badly formed HTML is a strategy that would not work, as you would dery most
of the Web from the user.

HTML aside,the way the Webworked wassimpleand fault tolerant at the sametime
dueto its architecture represeted in gure 4. Normal accesglid not require a proxy
or gateway, thereforeWeb sitesoften could utilise simple IP basedauthertication to
control accesdo information. Nor did it require the overhead,the likely bottlenedk
and possiblyrestrictive WAP gateway reprocessingthe application layer cortent.

In orderto combat presemational devicespolluting cortent, the W3C recommended
CascadingStyle Sheets(CSS) [LB96]. Although recommendedn 1996,it was not
implemented before HTML 3.2 madeits impact. As other widespreadWeb tech-
nologieswere able to do impressi\e visuals, in comparisonCSSwhen implemerted
yearslater in roughly the year 2000,it could only cortrol fonts and bordersin a style
sheet. This is what the widely adopted font and table elemens already HTML 3.2
did by this time and CSSimplemertations were often incompleteor incompatible in
leadingbrowsersmaking it di cult for authorsto later switch over to. Through the
style sheet, content and presenation could be separatedwhich would greatly aid
mobiles ability to accessWeb cortent. If the demandsof the style were too high,
the mobile could theoretically not useit and usethe vanilla but accessibleversion.
A style sheetcould be assaiated with any number of pages,therefore bandwidth
savings were madethat would have greatly bene ted the mobile. Consideringwhen
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Figure 4: WWW architecture

it becamea recommendation,it was unfortunate it was neither implemerted in
desktop or mobile devicesuntil yearslater. Although rendering stylised text on a
small mobile screenis still a problem, CSSpreseits an option not to have any com-
plicated style in order to let the browser decidehow to best display the character
basedcortent for the device. Separatingcortent and style is crucial for accessibiliy
required by that of mobilesand future useof sud practiseswill indicate the Web's
appropriatenessas an universalinformation space.

The Webis an emergingmediathat still needsto read its full potential. The radical
growth it experiencedn the pastfewyearshascreatedse\eral accessibiliy problems.
The popularity of troublesomepresenational elemers enbeddedin HTML is being
separatedwith CSS, however non-text multimedia and common proprietary Web
technologieshave to be alsoaddressedy the W3C. There is alsothe larger problem
of the legacy of bad markup of the Web, it too should be accessibleto mobiles.
Despite the faltering stepsof this immature medium, the Web has made an impact
on our scciety and is hereto stay asthe Internet's dominart information spacefor
the near future.

3 Second generation of the mobile Web

The IT bubble has burst, Web innovation has sloved and mobile deviceshave ad-
vanced. Knowing the badground leading up to today, we can now evaluate how
strategies, methodologiesand technologieshave improved to addressthe problems
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both the mobile and desktopplatforms raisedthat prevented a sharedand accessible
information space.

A closelook of how the W3C and the WAP Forum, now known asthe Open Mobile
Alliance, arecorvergingtheir standardisatione orts andlearningfrom their previous
mistakes. The W3C mandatedmigration from SGML to XML and its family of Web
technologieswarrants a special focus. As the Web medium is an establishedpart of
computer sciencethere is now an opportunity to introducereseart to castanother
viewpoint to the problem of improving accessibiliy of information on the Web.

3.1 Environmen t

The World Wide Consortium Device IndependenceGroup has speci ed a frame-
work called Composite Capability/Preference Pro les [KRW* 04] to help descrite
User Agents (UA) for cortent adaption. In the past year this has resulted in the
availability of quartitativ e data in the form of UA pro les from mobile manufac-
turers with device software and hardware characteristics. Unfortunately temporal
elements sudh as the time the device was issuedare not included in the schema.
One could use the announcemen date of the product by trawling manufacturer's
websites, but that value is subjective. The device may newer have been shipped
accordingto that date and it might have had a very limited production run and
market in uence. BesidesUA pro les are a relatively new W3C recommendation,
hencethe pro les are only appraximately oneyearold and thereforetoo short atime
for identifying mobile hardware trends.

Di erent manufacturerstend to usedi erent schemasor vocabularyto descrike their
devices.If they do usethe samesdema,somemight tell about how many characters
canbe renderedon the screenwhilst otherstell only about the screensizein pixels.
In addition the screensizestipulated in the sthemais no indicator of the addressable
maximum screenresolution of the browser user agert of the device. Thereforein
practical implemenations the screensizeo ered by the manufacturer's devicepro le
haslittle value.

Quartitativ e analysisof the devicematrix o ered by market leaderssud as Nokia
has further problemsdue to market fragmertation. The Nokia range of mobile de-
vicesunnecessarilydi erentiate integral hardware and software featuresfrom onean-
other. Henceit is di cult to idertify hardware trends of in-built cameras Bluetooth
or EnhancedData Ratesfor GSM Evolution (EDGE) functionality. Mobile models
for examplecandi er betweenthosein the Americascomparedto Europe. Mobiles
candi er on demographicgrounds,for peoplewho seekhigh fashionwhere devices
are elegan, for businesausers,or sports erthusiastswho want a more robust model.
Individual mobile life cyclesdi er asolder Nokia commnunicators with screensizes
of 640x200are still supported, which re ects poorly on the overall trend of screen
sizes. Somemodels may be in abundancecomparedto others, however obtaining
salesvolume gures and determining their worldwide impact is againdi cult.  For
thesereasonsstatistical quartitativ e analysisof mobile hardware characteristicsto
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identify trends can not be seriouslyconducted. Therefore we will have to cortinue
with qualitativ e obsenations of the current mobile ervironment relevant to that of
accessinghe Web.

Mobile software can be still consideredas not being upgradable. There is little

incertiv e for mobile vendorsto port driversdependen on a speci ¢ mobile model to
newer versionsof a mobile operating system. Demandinguserageris are dependert
on operating systemenhancemets to implemert more functionality. Porting drivers
of closedspeci ed hardware to the new operating systemis an expensiwe in house
operation, although it can greatly improve older mobilesfunctionality and lifetime
of a mobile. There is little return on this investmen for the mobile vendor, as
the userperiodically replacingthe entire physical mobile for an upgradeis typically
part of the vendor'sbusinesamodel. Hencemobile software still doesn't give usersa
software upgrade path comparableto that of the desktop computing ervironmert.

Mobile platform software is typically particular to eatc mobile manufacturer. In
Nokia's range, there is a developmer platform grouping betweenthe series40 and
60 software platform. Both platforms allow software applicationsto be installed in
a Java ervironmert. This ervironmert although an improvemeri over the earlier
generation of mobiles is not enoughfor a full featured user agen. Series60 is
the high end\smartphone" platform that providesan ervironment where 3rd party
useragens sud asthe Operabrowser[Ope044 can now be installed and operated.
The more common series40 howewer only ships with Nokia's in house browser.
Evaluating this useragen isdi cult becausdéhe UserAgen pro le doesnot indicate
versionsof the browser. The useragen string of the browser shavs the model of
the phone, followed by the version of the dewelopmen platform. Next in brackets
is the version of the operating system. This version is the best indicator of the
versionof the useragen, asthere is no link betweenthe dewelopmern platform and
the user agent version. Changesin the version do not necessarilymean a change
in the browser user agent howewer, as someother part of the systemunrelated to
browsing may have changed. Neither the user agert string or pro le provide Web
engineersa concreteindicator to the mobile's useragen. As the Web useragert is
the most important part of the mobile platform, it is vital to correctly idertify the
useragen in orderto track it Web standardscompliance.Web dewelopersotherwise
facea di cult task of working around inevitable useragert software bugs, without
knowing which useragen they a ect.

Nokia3100/1.0 (04.01) Profile/MIDP-1.0 Configuration/CLDC-1.0

From October 2004 Nokia has correctedthis UA string to a Web compliant User
Agert header[Nok04.

The useragert string alsoindicates Java classfunctionality of the phone, however
it is not directly relevant to the browser. Java classesare helpful for identifying the
broad capabilities of the mobile with lesscomplexity than useragert proles. The
classesare de ned [GSMO03 to proposethat screencharacteristics must be at least
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120x120,minimum memory amourts of 256KB and the colour depth must be at
least 8 bit.

Many mobile phonestoday implemert at least4096(12 bit) colour screendisplays.
Colours can improve accessibiliy of information by helping peoplerecognise elds
that needattention [CCVWO04]. Howewer they can also detract accessibiliy if the
coloursare chosenpoorly, for examplewhentwo coloursdo not have enoughcortrast.
For peoplewho su er from colour blindness,certain coloursmight be indiscernible
and any information which is dependert on colour will be lessaccessible. There-
fore marked up information should be independen of colour and there should be
an option provided by the useragen to turn o the colour styling. Another pos-
sible negative a ect of colour screenss that they seemsluggishand unresponsive
comparedto older black and white screensvhich detracts the usability of the device.

Fonts and internationalisation problemshave improved. Better storagecapabilities
on mobiles have resultedin more Unicode glyphs, therefore on today's mobile you
can read Russian Web pagesin Cyrillic. However mobile interfacesare still often
limited to the languagesavailable on the phonein the courtry it was purchasedin.
Therefore now you can probably read Web pageswritten in exotic languagessut
as Sanskrit or Arabic on a modern mobile, but the useragen has no functionality
to allow the userto write it. There are typically three di erent text sizes,small,
medium and large available on mobiles. This allows a little more logical structure
with headershoweer this is arguably of little useasa deeplyhierarchical documert
on a mobile screenis not a typical use case. Small text sizesdo allow a lot more
information to be crammedinto a small screensize. In the scenarioof using the
mobile whilst walking, text may be too small to read. Thereforesincedi erent text
sizeshave beenintroduced, the mobile should allow the userto resizethe text to a
larger one. This feature of either zooming or scalingthe text is often unimplemened
by mobile user ageris, possibly causingfurther accessibiliy problemsfor the aged
for example. Web dewelopers should also be aware that if they logically markup
information with text sizealone, then it will lost meaningwhen a user wants the
font sizeaslargeaspossible. The distinguishing elemen of text formatting lies with
emphasisingthe text by bolding (weighting) or italics. Unfortunately dierent
levels of weighting and italics are often poorly implemenied and hencecolourswith
their aforemenioned issuesare commonly usedinstead.

Besideghe input issuedor internationalisation, input designand functionality forms
a considerablecortrast to the desktop'sfull size keyboard and mouse. There are
no rigid standardsfor inputs, however there are industry corerecommendationgor
a dedicated select/acceptand badc/erase key. This doesnot translate predictably
to Web navigation paradigms of following a link and returning from one, as for
examplethe badk key terminates a network connectionand returns the mobile to
an idle state on Nokia phones. Enhanceduser interfacesare recommendedby the
industry to have two softkeyswhich changetheir meaningupon di erent cortexts.
Thesekeysare commonlyusedfor assistingnavigation via ameru. There arese\eral
other physical input considerationssud as the size of the keys and if and how a
joystick (4-way cortrol) or scroller(2-way cortrol) is implemerted. Unfortunately
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keypad designis not settling as it has becomea way of di erentiating a mobile
product from a competitors'.

Howeer as browsersare chosen,deployed and tested by the mobile vendorsthem-
sehes, it is their responsibility to ensurethe useragen is usablewith the physical
interfacethey designed.The software driversfor the inputs areimportant, aswell as
text input software providing predictive and adaptive capabilities. These software
enhancemets can make text input faster and easierthan without them and this
functionality is usedto great advantage in the SMSapplication. Incidentally predic-
tivewriting from a browserinput eld is a corerequiremen of the GSM Assciation
[GSMO03. Another trend in inputs is that mobilescan be connectedto external in-
puts sud asa full sizekeyboard or a mousewith Bluetooth. Future improvisedand
wearable inputs could drastically change the notion of the typical mobile device.
Today the mobile's inputs de nes itself in the range of small computing devices,
howewer this is set to change. Although limited and often inconsisten the inputs
aloneshould not obstruct Web dewelopers attempts to bring the Web to the mobile.
Inputs are in the domain of the useragert and devicemanufacturer to cooperate on
and not the Web deeloper.

Wirelessnetwork connectivity is still expensive and error prone. There may be be
more bandwidth now, but it can easily uctuate to previouslow levels. Today the
major leap forward for the mobile asinformation applianceis the GSM supplemen
General Padket Radio Service (GPRS). It solwes two problems that plagued the
earlierincarnationsof the WAP information appliance. The mobile doesnot needto
dial-in over a circuit switched network, asit always connectedfor a padet switched
network. This results in faster connection times, making the device much more
responsive and usable. Due to limited cell capacity and design, GPRS speedgains
over the previouscircuit switched systemare not signi cant. The other problem it
solesis the cost of accessinghe Internet from a mobile. Since GPRS is always
connected,operatorscan o er tari plans sud as charging for the amourt of data
transferred or to a simpler at monthly fee. The user with GPRS now does not
facethe stressof per secondbilling whilst using the phone, or face the expenseof
redialling after a lost connection. Howeer per byte billing can be just as stressful
when an UA fails to provide how much bandwidth consumedand corverting that
into clearcostsfor a user. Although out of the scope of this thesis, network provision
and billing play key rolesin uniting the Web with the mobile.

The problem addressedn the earlier generationof information enabledmobileswas
the walled gardenapproad of operators. The walled gardenis increasinglyreferred
to asa vertical market. The walled gardenstill existslargely becauset is di cult

to bill usersfor services.For application vendorsit is easierto sell serviceso mobile
operators for them to attract customersto servicesunique to their operation. This
model works in reversewith operators restricting usersto particular applications
in order to generatereverue from the application vendors. For example although
a user wants to usethe seart functionality of X compary, the useris redirected
by the mobile operator to Y compary. Y compary pays the mobile operator for
the generatedtrac. Often the application is not even redirected, resulting in a
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frustrating 404 error for customers. Therefore though mobile usershave a HTML
browser, there is no guarartee that they will be able to accesghe samesitesas a
desktop Web user. Operators still threaten to fragmert information space,without
the help of speci cations.

The problemthat plaguedearlier generationof information enabledmobileswasthe
failure to stipulate a maximum le sizehasnot goneaway. Content dewelopers still

needto ched the browser characteristicswith di cult y from eat mobile deviceto
determine the maximum size of the cortent. With dynamically generatedHTML,

CSS,bitmap imagesand compressiorit isadi cult problemto accuratelydetermine
the total payload size. If the sizeis exceededt is alsodi cult to form a policy of
adjusting the cortent appropriately. At this stagemobile manufacturer useragens
should have createdan ervironment wherely authors can createand do not have to
worry about thesefrustrating variable limits.

Error recovery and feedba& on mobiles s still awful. There is no speci cation
de ning the userager behaviour regardingdisplay priority [GSMO03]. On the Nokia
3100mobile devicea user'serror noti cation is a simple noti cation messagevhich
is ashed for a coupleof seconds.Unfortunately the actual messages often unhelp-
ful for debugging.Errors whilst renderinga pagein a browseroften still silertly fail
or worsefail to shov perhapsan important componert of the documen. This prob-
lem also a ects desktop browsersthat are not standardscompliart. An important
aspect of error handling is providing feedbag to the responsibleparty. For example
browsing with the Nokia series40 XHTML browser on a secureHTTP site gives
a\No gateway reply" error message.The userdoesn't know if they should cortact
the mobile vendor, their network operator or the cortent author about resolvingthe
problem. Onceagain, if they knew who was responsiblethere is no standard med-
anismto messager call in the problem report from a mobile UA. This lack of core
interactivity and responsibility on the mobile platform misrepresets the large user
basebehind mobilesand it must be addressedo ensurethe mobile asan interactive
information appliance.

Plotting CPU power and memory capacity trends of mobilestoday is di cult as
their speci cations are not well publicised and dicult to compare. They have
improved roughly in accordancewnith Moore'slaw, henceboth CPU and memoryare
becomingnon-issues.Moore'slaw doesnot apply to radio wirelessor battery power
which is still the weak link, especially as CPU intensive applications drain more
battery power. Software power managemeh has becomemore e cien t whilst the
Lithium cell technology powering today's generation of secondgenerationmobiles
has not signi cantly changedfrom the earlier generation. The GSM assaiation
interestingly mandatesa oneday minimum lifetime from devicemanufacturerswith
three days strongly recommendedGSMO03.

The desktopenvironment on the other side of the spectrum hasalsoewlved. Power
supply demandsof desktopincidentally increasedin the past years. High powered
high frequencyCPUs alsoneedbetter cooling in the form of high poweredfans, hence
desktopmadiinesof late have beenknown asnoisy power consumers.There are now
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ewven larger screensmore memory and increasedCPU speeds. User agert software
with desktopsis dominated by Microsoft's Internet Explorer browser[The04]. Web
complianceupdatesto this browserare completely dependert on the Microsoft cor-
poration. The consequencesf Internet Explorer's impact on the Web are dealt with
in section3.3.

Comparingthe environment of the information appliancein earlier and current gen-
erations of mobilesshaws us that the mobile deviceis rapidly ewlving. Numerous
capabilitieshave broadly improved sud asconnectivity, memorysizeand CPU. This

providesa more capableplatform to servicethe high demandsof a Web User Agent

implemertation. The increasan computing power hasallowed mobilesto replacethe

addressbook and calendarfunctionality of small computing devicessud as PDAs.

Mobiles have also how incorporated cameras,possibly replacing the snapshotcam-
era device. Mobiles can provide a variety of tasksfrom telling time to changing TV

channels. This small device consolidationindicates a trend towards a more generic
and versatile computing device.

The two persistert elemerts that are said to hinder a mobile's progressas a Web
appliance platform is its typical poor keypad input and screensize. Input meth-
ods are already enoughto allow text messagingo becomethe leading application
on a mobile phone. The screensizelimitation to an externt is also a fallacy. Re-
cert researb shows that a human's eye spanonly stretchesa few characterswide
[BDDGO3]. Thereforeif the user agert can scroll text as smoothly as reading a
printed magazinecolumn then this problem could be solved. Howeer in this gen-
eration screensare typically slov scrolling and a far lower DPI than printed media
and thereforea hindrance.

For Web useragen dewelopersthe mobile platform needsto becomemore generic,
more powerful and easierto deploy updates. For Web engineersijt is the useragen
complianceto standardsthat matter. For Web usersits the cost of connectivity and
the experienceof the useragen. The software useragert is the key elemen in this
ervironmert.

3.2 OMA

As early as 1998 the WAP Forum approated the W3 Consortium [HMK98] to
cooperate in addressingthe problem areaof mobile accesof Web cortent. In 2001
a proposal for WAP2.0 by the WAP Forum was announcedwhich con rms WAP
Forum's changeof direction in adopting W3C standardsof markup and discorin uing
WML 1.x.

Shortly after releasingthe white paper on WAP2.0, the WAP Forum was con-
solidated into the Open Mobile Alliance (OMA). WAP Forum was joined by the
SyncML initiativ e, Location Interoperability Forum (LIF), MMS Interoperability
Group (MMS-IOP), WirelessVillage, Mobile Gaming Interoperability Forum (MGIF),
and Mobile WirelessInternet Forum (MFIW). OMA's attention hasnow expanded
to interoperability of calender,cortact, instant messagingmultimedia, gaming and
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locational information. The OMA has set upon itself setting up seeral new inter-
facesof information, although notice that the Web architecture could be applied to
all theseapplication areasmertioned.

The WAP Forum or OMA decidedto replace WML with W3C's Extensible Hy-
perText Markup Language(XHTML) which is the reformulation of HTML4 asan
application of XML. XHTML is modularisedinto a collection of abstract modules
that provide speci ¢ types of functionality [ABD*01]. Modularised XHTML ele-
merts can be combined and extendedwhich allows the languageto adapt to di er-

ernt contexts and cortents. Using gure 7 asa guide, we can seehow modularised
WML 1.x conmbined with XHTML Basicto create XHTML Mobile Pro le (XHTML

MP). Unfortunately parts of WML1.x could not be expressedn an XHTML module.
A markup languagecalled WML2.0 which featuresXHTML MP and modularised
WML extensionsvia a XML namespacevas drafted to ensurebadwards compati-
bility asseenin gure 5. For pragmatic mobile cortent dewelopersit wasimportant
to have WML functionality in order to assistnavigation and ensureusability. In
practisethe WML namespacédecameoptional, after WAP Forum decidedthat the
WML extensionswere just for badkwards compatibility and were not going to be
extended. There are two separatemarkup languagesn WML2.0, XHTML MP and
WML 1.x. asseenin gure 6.

The Nokia user agert implemerted WML2.0 so that they seamlesslysupported
XHTML and WML by switching modeswhenit encourtered the cortent type iden-
tied markup. Thereforethere was no option to embed WML in XHTML which
might have avoided the problem of mobile speci ¢ markup in HTML, which could
have madeWML2.0 unavailable by desktopbrowsers. Nokia hasisolated WML and
beganimplemerting a Web useragen for their mobiles.
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Figure 5: XHTML Browserwith XML namespace

Moving from WML 1.x to XHTML MP is more painful than just an XSLT trans-
form on the XML [OpeO1]. For dewelopersit meart losingthe functionality of their
expensiwely engineeredded application consisting of individual task cards. Leav-
ing transaction basednavigation put stresson the mobile browserto ensuregood
browsing navigation. XHTML MP useragert implemertations did not compensate
WML for the ded loss. For examplethe useragen should shov the URL of the
Web page. Without this basic navigation aid it is di cult to know whereyou are
in the Web. The new user agens could have paginated long XHTML documerts
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Figure 6: XHTML Browserwith separateWML browser

to make to more usablelike a ded, but failed to. This meansthat the sener often
hasto paginatethe pageand thereforeead pageis a long requestreply round trip.
Using XHTML instead of WML would meana lossof usability that assistedearlier
in navigation and cading of pages.

XHTML MP does frustratingly mix and match W3C speci cations, by introduc-

ing someelemens from XHTML 1.1. Despite XHTML MP's confusingdesignand

not being a W3C endorsedWeb standard, by and large XHTML MP can be ac-

cessedvy a typical desktop Web browser. This is accomplishedby the author who

simply adjusts the MIME type of the sened documert from the mobile specic

application/vnd.wap.xhtml+xml to the universal text/h tml type. This marks a

convergencemilestonebetweenthe the mobile and the Web. Unfortunately asdual

browserssilertly processXHTML and WML asif they were no di erent, usersdo

not know they are usingthe Web API's HTML interfaceasthere is no indication by

the useragen. A userdoesnot know they have the profound possibility to access
the sameinformation from a desktop PC. Convergencehas also been marred by

poor marketing as many usersstill think they are using WAP, which they have now

acceptedas not beingthe Web. Authors facea similar dilemmaasit not publicised
that a mobile UA handlesXHTML MP no di erently than the ordinary HTML of

the Web.

Comparing XHTML MP with Docomo's CHTML from section 2.4 is worthwhile.
OMA has followed a similar strategy and now both parties corvergetoo as seen
in gure 7. This unites Japaneseand European mobile information markets, with

a compatible Web markup speci cation. The dierence lies in the user agen's

implemenation quality of the HTML speci cation. Europeanmobile manufacturers'
software sud as Nokia's useragen hasto play catch up to Docomo'sl-mode lead
in useragen technology and experience.

WAP2.0 features wirelessprole CSS (WCSS) [WAPO1], which is an important
part of Web architecture and engineeringto separate style and cortent [Jac03].
This secondgenerationof mobileshave grown their graphical capability and CSSis
the appropriate Web standard complemen to allow authors to style their cortent.
WCSS is basedon a subset of W3C's CSS2[LBLJ98], howewer with additional
elemerts sud as:

Marquee For the infamousscrolling text e ect (popular in Chinesemarkets)
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Figure 7: Markup History [Lit02]

Input Speci es additional input cortrols

Accesskey Which is alreadyin XHTML Basic's Hypertext module

Marquee usageand incidentally the blink e ect although implemerted by desktop
browserstoo are not encouragedlargely due to their accessibiliy issues. These
styles are time dependert and hencesomeonewho reads faster or slower will be
inconveniencedby sud an e ect. Theseanimations are eye catching and popular in
usefor ertertainment purposes,hencetheir inclusion into this speci cation. Input
cortrols are sorelymissingfrom HTML speci cations. To somedegreethis void has
been lled with ECMA script, but the mobile equivalert of WMLScript is di cult

to work with, dueto substandardconformanceand mixed implemertations. These
input cortrols are especially important to reduce the costly sener requestsand
client replies, hencethe implemertation in WCSS. For the desktop paradigm of
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Web accessthere are mature uniform deploymerts of ECMA script. Therefore a
desktop user agert would conceiably ignore this WCSSinput extension,whilst a
mobile useragert would ignore ECMA script. For now this inconsistencydoesnot
a ect viewing of information, but for Web application interaction it does. A Web
application deweloper now needso add redundart codeto ensureit works on mobiles
and desktopswhich either increaseghe payload for mobilesor forcesthe deweloper
into devicedependen engineering.

The access&y was proposedas an another optional method to activate an elemen

with CSS.The WAP CSSextensionaccessiy allows a key or key conbination to be
bound to a particular documen elemen in order to activate that elemen. WCSS
explicitly nameskeyssud asthe mail accesskey of a mobile that can be rebound
by the user agert's rendereddocumert. This feature is open to abuse allowing
an application to bind ewery key and lock the userto the page. Furthermore the
list of supported keysor charactersusedby access&y is devicedependen, therefore
inappropriate for deviceindependert engineering.Accessky implemertations onthe
desktop browser can also con ict with existing shortcuts, howewer the useragert's

own bindingstakespriority, which is di erent to what the OMA speci ed for mobiles.
For mobile usersit is not intuitiv e to have a key sud asthe answer call button bound
to an elemen by the author on the Web page. The user ager should be able to

automatically give appropriate shortcuts to interesting elemeits or componerts in a
documen. This is already accomplishedto a degreewith softkeys. Giving authors
this ability to override shortcut convertions degradesusability and is best avoided.
For usersit is dicult to tell which accesskys are bound. Both Marquee e ects
and the non-Web standard input cortrols results in mobile speci ¢ code, however
user agens can be easily programmedto ignore them. Although OMA enhanced
the speci cation for the mobile arena, WCSScan be usedon any deviceuseragen

complying to the CSSstandard [LB96] without any major interoperability issues.

The underlying WAP2.0 stadk caninconsistertly alternate betweenWAP1.0's stadk

and WAP2.0's IP basedstack much in the sameway asthe dual mode browser. It

is not apparent what stadk you are using as they can be both implemerted. This

might be a concernto setup a direct connectionbetweenthe useragert and sener

for security and integrity reasonsof a Web serviceapplication. Connection quality

is also dependert on if and how an operator has establisheda gateway. OMA's

decisionto adopt Internet standardswith the legacyof WAP attachedit leavesWeb

dewelopers with the samedi cult problems as before. Since binary compression
may not be usedin the IP basedstadk, onecanarguethat the problemis now worse
sinceyou can not rely on any of the bene ts of WAP delivery optimisations.

Relating badk to section2.3 OMA's messaginge orts are still separatefrom both
Web browsing and email. Long or concatenatedSMSeshave enhancedSMSesas
well as Multimedia MessagingService(MMS) has comeof age. OMA hasinterest-
ingly mapped the 3G messagingsolution MMS into the WAP speci cation, taking
advantage of browsing technologiesUA Pro les and WAP Push to create the ser-
vice. UA pro les are addressedn detail in section3.3. Conceiably MMS is a Web
application, howewer operators are keento make eadr MMS discrete in order to
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chargefor them. The underlying push technology speci cations are still SMS, with

a URL to the multimedia payload. The legacyof SMS basedservicesare easierfor
mobile network operators to cortrol and charge for comparedto email and hence
email implemenations have beenignored.

SMSis a vertical market pushtechnology monopolisedby the mobile operatorsthat

might be regulated. There are no clean horizonal interfaces between operators
as they are protective of their own markets and investmens. Interestingly push
messagesnay be regulated under particular courtry rules due to their asseiated
privacy concernsand risk of abuse. For example where marketeers are deemed
to inevitably abusethe channelto deliver a targeted messagewhich is commonly
known as spam.

Push messagesre not part of the Web's request and reply architecture on the

desktopplatform. Although email is often usedin conjunction with many Web ap-

plications, especially for authertication. Email can be encapsulatedinside a Web
application, however with the mobile characteristic of limited screenspacefor adver-

tisemerts this could prove problematic for current Web mail businessmodels. Access
to an mail Web application will sidestepthe operator's cortrol of messaging.There-
fore questionslike 'Will operators open up messaging?or 'Will mobilesimplemert

email standards?' are not as important as an Web application that functions on

the mobile UA. The major stumbling block for email and MMS carried within Web
architecture is the quality and usability of the useragert. The MMS application on

mobilesare unfortunately separateto the browserapplication, although they share
the sameunderlying technology Push technology within a Web application on the

mobile platform remainsa milestoneto read.

OMA's focus on Digital Rights Managemehn (DRM) is another e ort to ensure
vertical markets which plays no part on the liberal Web. DRM is usedto prevert
consumersrom sharing cortent, allowing operatorsto carefully cortrol and charge
for content. TheseDRM locks are not part of the Web architecture. The Web has
its own ways of protecting cortent already DRM doesnot threaten the nature of
the Web, howewer the Web doesthreaten the useof DRM. Disallowing usersto make
use of a freely available ring tones, imagesor other Web resourcesfrom a mobile
UA would be a move that would only frustrate users.When today's imageand ring
tone businesseslisappear, it will be another curious milestonefor universal access
to information. DRM is largely avoided with the current nature of the Web.

OMA haschangedits direction towards W3C Web standards,with WML e ectively
discortinued and replacedby their deceptive selectionof W3C standards. Device
independencenould be better assuredf OMA did not mandatea non Web standard
supersetof W3C's XHTML Basicand CSStechnologies,but in practisethe damage
is minimal. Politics and marketing area di erent matter asthis important transition

to Web standards has occurred under the unfortunate legacy of WAP. Dual mode
browsers,the dual stadk and restrictive operator policieswill confuseand frustrate

dewelopers and users. Developerswill nd it dicult to be dewlop for substandard
and prematureimplemenations of Web userageris that are currerntly beingshipped
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in mobile phones. The future is hampered by little or no opportunity to choose
another or upgradetheir mobile's useragen without replacingtheir ertire mobile.
Howevwer there existsexploitable sharedsupport of the Web'sbasicmarkup and style
betweenthe mobile and desktopdevices.

3.3 W3C

All thesetechnologiesare supposedto be device-indegnden, soif they
aren't suitable for mobile devices,the problem is with the technology
itself, not with the lack of a pro le.

lan Hickson

In this sectionwe cortinue analyseand commern on the W3C e orts to standardise
the Web for universalaccess.

HTML wasput in maintenancein 1999[RHJ99] and sincethen the W3C hasthrown
its weight behind XML and XHTML technologies. Now there is a growing family
of XML speci cations by the W3C sud as Xforms for forms processing XSLT for
transformations, Xpath for queries,SVG for vector graphics, SMIL for multimedia,
MathML for mathematic symbols, Xlink for describingcomponerts links and many
more.

As descriked in the previoussection, XHTML is simply the reformulation of HTML

4 as an application of XML. The earlier section 2.5 before raised the problems of
SGML and its complemeting computing intensive and quirky \tag soup" parsers.
Information marked up in XHTML [BIM*00] makes information much easierto
parse and manipulate for the user agert and hencevery attractive for UAs with

limited resources.Thus the UA requireslessimplemertation at the expenseof the
author. The author now hasto ensurethe information is strictly in well formed
XHTML. With XHTML UAs can easily catch well-formednesserrors and allow
XHTML to be mixed and matched with the other extensive and extensible XML

relatedtechnologiesmertioned. For thesereasonghe OMA choseto baseits markup
standard on W3C's XHTML.

Unfortunately there is a substartial di erence betweenW3C's endorsemenof XML
andthe Web'sadoptionit. The dominarnt desktopbrowserinternet Explorer 6 (IE6)
doesnot support XHTML. BecauseXHTML is largely a stricter form of HTML, if
the XHTML pageis sert asthe cortent type text/h tml IE will renderit. As it is
impossibleto reliably automatically detect XHTML sert as text/h tml [Hic02], the
UA must assumethe cortent is HTML ewventhough it might be XHTML. Hencethe
bene ts of using XHTML are lost at the cost of ensuringwell formedness.If you
pretendthat IE6 doesnot exist, authors needto changetheir dewelopmen practises
and learn newtools which aswe have already seenin section2.2, is costly. XHTML
must be well formedto be advantageous,thereforeauthors can not simply test their
content with leading UAs as their accustomedto. They have to use a validator.
Most authors will nd it dicult to comply to the strict rules governing XHTML
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1.0 which hasthe featuresasthe lessdemandingHTML4. Disadvantagesof serving
the XHTML content type include the lossof incremenal (progressie) pageloads
by the UA and the popular seard enginesnot indexing XHTML. The reality is that
thereis ainsigni cant amourt of valid XHTML onthe Webtoday in 2004. XHTML

is not the markup of the Web, HTML still is.

Ignoring the state of the Web and concertrating on building a better and somewhat
Web compatible world with XHTML is an option worth exploring. Most of the
Web is poorly written markup and will not stand a chanceof running on a second
generation mobile in any case,one could argue. You could conceiably leverage
the XHTML browser in mobiles and reap all the bene ts of a clean lightweight

UA implemertation with extensibility. Howewer after testing the Nokia UA in the
popular series40 line of mobilesto determine whether or not the parseris XML

compliart or not, reveals interesting results. Despite the limited resourcesof a
mobile,the XHTML browserdoesnot implemert acompliart XML parserandtreats
malformed content without complairt. Therefore there is absolutely no bene t of
using XHTML in current mobile UA implemertations either. Doing so may cause
more harm than good asthe author may think their producingvalid XHTML, when
they are not. The popular Nokia deviceand its preinstalled own Web UA follows
the\tag soup"trend with desktopbrowsers,soone can safelypredict that XHTML

will not be the de facto standard in the mobile domaintoo. In conclusionthe mobile
UA is currently supporting HTML, not XHTML.

CSSis the key technology behind achieving separationof style and cortent [Jac03].
CSSneedsto ful | the high demandsof Web designersat the expenseof useragert
control. There is an inverserelationship between deweloper and user agert about
the ne cortrol of the information display output. The user agert is in the best
position to choosethe appropriate font or colour shheme especially on the limited
mobile platform, howewer the designermay want to override these safer defaults.
Ultimately the useragen should have the last say in rendering the style sheetor
not by preseriing the option to the user, as the style sheetmay be inappropriate
for the device. CSS o ers a medanism for mobile UAs to work around heavy
embeddedstyling, ensuringaccesgso cortent on any device. CSSsaveson bandwidth
by allowing a UA to cade the style sheetwhich is typically applied acrossa Web
application. CSS allows the possibility of more uid and scalable designs, that
are more likely to work on a mobile platform with its limited screen. CSSworks
with either HTML, XHTML and other markup languages. CSSis vital to ensure
information is deviceindependert and accessibleon mobiles.

Despite the importance of CSS,the W3C threatensto undermine CSS'suniversal
goals with device dependent proles. CSS Mobile prole [WDSRO0Z is a candi-
date recommendationspeci cation marking out elemeis of the CSS speci cation
[LBLJ98] that an UA doesnot needto implemert. This additional speci cation cre-
atesconfusionand encouragesleviceor pro le dependert UA implemertations. The
way CSSmobile pro le relatesto WAP Forum's WCSS[WAPO01] mobile dependert
CSSsubsetalsothreatensto confuseand frustrate. Web dewelopers are needlessly
given the task of mapping the di erences betweenthree speci cations and judging
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what or what not to implemert. W3C hasdecidedto make a pro le to declarethe
minimum CSSto what a mobile deviceshould implemert, which is arguably out of
their domain. User agent dewlopers should declarewhat they have implemerted
or what they have not of the speci cation. UA dewlopers, the W3C implemertors
areexpertsin this eld and not the W3C. Making pro les segregate$JA deelopers
and Web authors by allowing e ectively devicedependern implemenations of W3C
standardswhich are di erent again from mainstream desktopimplemertations.

W3C's unpractical standardisatione orts regardingStandardVector Graphics(SVG)
threatensthe Web on the mobile [Ann04]. SVG alsosu ers from seeral confusing
separatedevice dependen pro les, which are both subsetsof the complex SVG
speci cation. One named SVG tiny and the other SVG basic [Cap04]. SVG is in-
compatible with CSSand it doesnot have the exibilit y of switching to alternate
style sheets.It breaksthe fundamertal Web architecture of separatingcortent and
style, by making it very di cult to distinguish betweenthe two. SVG can be com-
paredto Flash multimedia, a self-cortained format featuring cortent, graphicsand
animation. It is seenasa format to o er slick ertertaining clips of information to
mobile users. SVG doesnot scalelike a text resize,insteadit can be zoomedupon.
That leavesuserswith the uncomfortable action of magnifying and panning a pre-
seriation if the text sizeis too small, which will be a problem on varying small sizes
of mobile devices.SVG is unableto degradeunlike CSS.If currertly widely deployed
UAs which do not support SVG attempt to view SVG cortent, that content will not
be renderedat all. On desktopdevicesSVG implemertations have beenheavy, very
limited and not widespread. SVG and its mobile pro les is a Web incompatible
speci cation.

W3C CSSmediaqueries[LG02] at rst inspection may beinterpreted asencouraging
devicedependernt engineering. With media queriesa dewloper can make di erent

style sheetsfor di erent devicegroups. The groupsinclude screenfor desktop de-
vices, handheld for mobile devices,print for printers, tv for television and so forth.

The groups are a little vague, especially with the ervironment of mobile devices
quickly becomingas capableasthe\screen"mediatype. Another argumen against
mediatypesis that it dewaluesthe notion of the Web medium. It doesnot treat the
Web as a mediaof its own and only considersit in the view port of other mediums
be it paper or television. CSSmedia queriessenesthe demandsof designerswho
are not concernedabout information for ead device,while still allowing an UA to

disablethem. Toits credit, the corerequiremerts of deviceindependen engineering
are assured.Media querieshelpsauthorsto createjust onedocumert that canthen
be usedon all devices,insteadof authors needingto createonedocumert per device,
which is far worse.

The W3C working group most concernedwith the mobile device,is the deviceinde-
pendencework group [Wor01]. Previously this group originated from W3C's User
Interface domain. The Ul domain split into Documert Formats and Interaction do-
main in July 2001. Documert Formats waslater wassplit againto Architecture and
someparts moved in the Interaction domain. The interaction domain rst featured
the Mobile AccessActivity which later was mergedinto the Device Independence
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Activity. They have notably produced Composite Capability/Preference Pro les
(CC/PP) [KRW™04]and Authoring Tedniquesfor Device IndependenceHMO04].

UA Pro les (CC/PP) wascriticised earlierin section3.1 for beingdi cult to parse,
having no temporal value and featuring alternating vocabulary to descrite the de-
vice. Howewer UA Pro les have beendeployed successfullyin commercial vertical
markets for identifying devicecapabilities asusedfor the MMS servicewhich allows
mobile usersto sendand receiwe pictures. UA pro les outside the domain of these
mobile vertical markets is very hard to nd.

If adeviceupdatesor installs anotherUA it is unclearhow the UA pro le is supposed
to re ect this. UA pro les only descrike the UA deployed by the device'svendor.
This limits consumerchoiceto the UA chosenby the vendor. If an alternate UA is
used,the externally referencedUA pro le would have to be altered too, with great
di cult y. UA Pro les allow devicevendorsto monopolise UA deweloper's domain.

The cortent typesthe UA pro les details are exactly the sameinformation cortained
in the HTTP headersgiven by the UA, exceptit is more di cult and expensiwe to
parsethe RDF. The reasonsfor the duplication is probably for non-web UAs for
servicessud as MMS which do not fully implemert HTTP like a Web UA should.
MMS should be a web application, but instead via UA pro les and a crippled UA,
mobile operators have made it an exclusive and lucrative service. Therefore UA
pro les does very little help to bring the Web to the mobile. Mobile operators
leveragethesevertical market technologiesfrom the W3C to createexclusiw vertical
services, purposely separatedfrom the Web and the desktop ervironment. UA
pro les doesnot promote deviceindependenceactivity which cortradicts this W3C
working group's mission statemen: \Accessto a Unied Web from Any Devicein
Any Context by Anyone"

4 Engineering approac hes

Four di erent engineeringtrends from device dependenceto device independence
are evaluated.

4.1 Device dependent engineering

There are seeral forms of devicedependernt Web engineering,howewer they can be
all characterisedby the way they output devicedepender cortent. Unfortunately
device dependen engineeringcan be introduced in many guisesin other publica-
tions sud as multi-channel cortent, reusableuser interfaces,device abstraction or
modelling [MPS03]. Somemethods to add to the confusionmay claim to be device
independent becauseof the intermediate languageused. This abstraction layer fa-
cilitates and encouragesauthors to engineerand adapt their cortent for particular
user agers. Thesedevice dependernt approateswill be argued against for their
costly complexity and maintenancedemands.
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Devicedependert engineeringis typi ed by the assumptionthat HTML is a device
depender language.This is the unfortunate legacyof HTML without style sheets,
without content separatedfrom style. HTML with enbeddedstyle with the abuse
of presenational markup is the typical reasonwhy HTML can be found to work
inconsisterly acrossUAs. Immature UAs also share some of the responsibility
for this misconception. Many UA implemertations are awed producing di erent
results to the sameHTML without special attention to the particular UA by the
Web deweloper. Despite poor UA implemertations, HTML is an UA independert
language.

User ageris are heterogeneouscrossvendors, devicesand version numbers. The
crucial problemis that theseuserageris fail to comply to Web standardsin numer-
ous seriousways. Thosethat do not comply, often also fail to degradegracefully
Someother userageris might implemert a non-standardproprietary extensionwhich
brings signi cant usability gains for userswhen the author takes advantage of the
functionality. Thereforeauthors are often feel forcedto addressevery userager to
squeezdahe most usability out of their immature Web UA implemertations.

The most common methodology for devicedependert Web pagesis to embed con-
tent into static HTML templates and publish it for a particular device or rather
useragen. This is a simple way for Web dewelopersto ne tune their cortent for
particular devices.Web dewelopers usually losesomeof this cortrol whenopting for
more abstraction, which may be neededespecially for dynamic cortent. Modelling
is an high-lewvel abstraction where an intermediate languageshapescornent dynam-
ically for particular devicesin advanceor immediately after UA capability sni ng.
Various modelscan be used,for examplethe task, domain, device,dialogue,presen-
tation and usermodel are abstractedin the intermediate languageRDIXML. Some
abstraction is always neededas HTML itself can be arguedto be an abstract inter-
face, howewver too much abstraction can make even very simple applications, very
complicated. HTML's popularity and succesdies within its relative simplicity.

Figure 8 descriteshow devicedependert Web engineeringworks. There is typically
nothird party involvedin the cortent transformation. The bulk of the work happens
within the Web application using any one of the di erent markup, modelling or
templating languagesto generatedevicedependert HTML for every UA. UA type
is determinedeither by various UA sning techniquesor unique URLS.

Another reasonfor abstraction is the amourt of heterogeneouslevicesand the dif-

ferert ways they are deemedto be usedas information appliances. The browsing
navigation model versusthe task or transaction orientated model argumenation

of the earlier WAP reappears. Instead of creating an information appliancefor a
mobile, a desktop and a printer for example,an author can descrite these devices
for generatingcontent for. There are se\eral available enginesor languagesperform
this functionality, sud as:

RDIXML
MyXML
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Figure 8: Devicedependen engineering
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RenderingIndependert Markup Language

RDIXML is a task-baseduserinterfacelanguagethat breaksa Web application into
tasks. Eadh task is arbitrarily mapped on particular device groups, sud as PDA
or WWW for desktop. The thesis describing RDIXML admits that its complex
structure hampersthe intelligibilit y of the Ul constructionsand directly a ects the
usability of the language. Additionally editing the XML is said to be error-prone
and time consuming[Mar02]. Other elemens that may prove problematic is how
sometask optionsareincludedor excludedon di erent deviceswhich would seerely
limit multi-mo dal access.

MyXML isanimplemenation from the Device-Indenden Web Engineering(DIWE)
[Kir02] framework, which is another heary solution for outputting devicedependert

cortent. MyXML conbined with devicedependernt XSL, a compiler and four basic
run-time processorghat require con guration in order to run as Web servicesthat

provide\device independencesupport”. The novel elemen with MyXML compared
to other techniquesis that it has provision for limited memory workarounds sud

as pagesplitting and processpartitioning for the generatedWeb applications. Al-

though splitting and processpartitions requiresan extra designe ort. For ewvery
deviceMyXML supports a XSL needsto be made,a huge maintenancecost. XSL is
a style sheetunlike CSS,is error prone and tediousto edit. The MyXML study ad-
mits the complexity demandsof the approad required more than twice the amourt

of time asa normal Web application.
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The User Interface Markup Language(UIML) is another XML basedlanguagefor
creating device-indegndernt user interfaces. There are three stagesin the UIML
approad [Ree02]:

1. Deviceindepender userinterface elemerts
2. Devicedependen style de nitions for userinterface classes

3. Content databasefor speci c userinterface elemeits for internationalisation
and speci ¢ rendering ervironmerts

UIML is designedto be deviceindependen, howevwer it paradoically performsthis

in peerswith a separatevocabulary for eah device. The next problem with UIML

are how the userinterface elemeits are basedon Java user interface classeswhich

departs in seweral ways from the simple HTML form cortrols. For example the

requestand reply Web architecture does not implement Ul syndironisation push
messageshat UIML uses. The UIML style de nitions unlike W3C's CSSdo not

degradeif the deviceis not explicitly de ned or allow the Web user an option to

turn o the style sheet. Often the way HTML is generatedis cortrolled by UIML

de nition vocabularieswhich makes the cortent mapping from UIML to HTML

in exible. HTML unlike genericuserinterfaceshashypertext featuressud aslinking

which UIML clumsily provides[Kir02]. Other problemsassaiatedwith UIML is that

cortent is inevitably intermixed with the userinterface de nition. UIML alsodoes
not attempt to cover designand maintenancestagesof Web applications. UIML to

its merit does has compilersfor WML which older mobilesimplemert, VoiceXML

and Java. Java applications could be deployed and updated on the very popular
series40 Nokia mobiles unlike their immature Web UAs, howewer they need to

comply to a reducedmobile edition of the Java API. UIML transcadersand services
are complexand su er from performanceissues[Ran03 which limits usability and
functionality of Web applications.

The project named Wireless Universal ResourceFile (WURFL) [Pas04 exists to

maintain a public databaseof devicesin order for Web application dewelopers to

abstract away device di erences. WURFL aims to overcome seeral of UAProf

shortcomings. The WURFL project collects UA pro les from vendors and then

correctsthe data known to be wrong or missing,though WURFL databasedoesnot

guararteeinformation to be correctandit isreliant on usercortributions. WURFL's

databasecan be installed locally instead of downloading UA proles o vendor's
websites, helping with performance. WURFL tracks over 400 deviceswith up to

100 capabilities and unlike someof the other devicedependen engineshas se\eral

real world applications. WURFL has bindings for seweral programming languages
and acceptssimple namespacere xed synax in HTML sud as:

<wurfl:if  capability="wap_push_support">
<a href="subscribepush.jsp">Push  Services</a>
</wurfl:if>
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WURFL relieson UA sning which may not work on proxied connections.Dynamic
adaption via the WURFL clausesmay su er from performancescaling problems.
WURFL may tempt dewlopersto squeezeusability by using non-standard device
standard capabilities without providing an adequatefall badk. WURFL Web ap-
plications can quickly becomecomplexwith the di erent esotericdevicedependen
options. When enbedding WURFL into HTML, it does not cater for older mo-
biles with WML UAs. A deweloper would have to create another WAP application
for the courtless legacy WAP enabledmobiles. A Web application could be using
WURFL asa kludge databaseto avoid UA bugs. There is a risk that certain mobile
UA dewelopers may not x problemsthat WURFL workaround, which encourages
moreinelegan solutions. WURFL enmbeddedin HTML may not addressthe device
dependert needof splitting cortent dueto commonsizelimits. Deploying WURFL
may prove too costly for simple static Web pages. WURFL highlights the imma-
ture state of mobile UAs, which often merits devicedependen HTML generatedby
WURFL to achieve even basicaccesdo information.

The Consensuproject [Con04]is a Europeanfunded consortiumof companieswhich
producesthe RenderingIndependent Markup Language(RIML) speci cation and
prototype implemertation. The project aim was to enableaccesso Web cortent
through run-time adaptation primarily for mobile devices. To clarify, RIML is not
adaption as it does not adapt Web cortent, it compilesits own RIML language.
Their approad like other devicedepender techniqueswasto compilealist of devices
and their immature UA featuresin order to output devicedependen cortent to.

RIML is basedon W3C technologiesXHTML 2.0, XForms [DKMRO03], SMIL and
extensions.All thesetechnologiesare unlikely to be adopted by the Web. XHTML
2.0 for exampleis badkwards incompatible with HTML or XHTML 1.0. XForms
is a very large speci cation which has been criticised for so many dependencies
sud as Xpath and reusesso few of the technologiesalready implemerted sud as
JavaScript or HTML. RIML extensionsinclude pagination, layout and navigation
in the language, utilising UA Proles. The XML basedlanguageusesXSLT to
transform the RIML markup broken up into device classeso generateparticular
cortent sudh asWML or XHTML.

The Consensugroject claimsto provide an implemertation of a reverseproxy pro-
totype that supported the useof RIML with no installation required on the client
side. The prototype has a large amourt of dependenciesof resourcehungry tools,
that this servicewould be warranted in order for widespreadRIML adoption by
Web dewelopers. Although it is unclear who take responsibility for sud a service
and how would t into the architecture of the Web.

Despite RIML's strong support and funding, it is a another example of a heavy-
weight solution for generatingdevice dependert code that is so complexthat it is
impractical. The project has been inactive for seweral months, despite the code
being open sourcedto attract dewelopers. RIML is a sadtestamen to the unwork-
able W3C family of XML technologiesin the last 5 yearsand their ignoranceof the
languageof the Web, HTML.
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Thesemethodologiesare all trying to compensatefor a limited UA, but instead of
the UA domain addressingthe rendering of the Web application the Web deweloper
is. A UA is a compleximplemertation that is largely in the domain of the device
vendor to ensurecomplianceto Web standardsand their devicefunctionality. The
UA should have someresponsibility of making surea Web application is usableand
looks its best. For a cortent author to assumethis role ertirely that is in the also
domain of the UA is unbalanced. A cortent author should focuson cortent, not on
renderingissuesof an immature UA.

Arguments for abstracting an application interface include voice, context and dif-
ferert paradigmsof deviceusage.For reasonsstated earlierin section2.1, voice ab-
straction often provesunwarranted. Web applicationsin mobilesare often thought
to require di erent interfacesin di erent cornexts, hencethe suitability for abstrac-
tion. An application that behavesdi erently under di erent corntexts risks breaking
multimo dal access.There is no standard way of conveying cortextual information
yet and the needfor sud information in popular Web applications today is often
unwarranted. There are also unresolhed privacy concernswith most cortextual in-
formation sud as user location. Mobiles are also thought to utilise a task-based
usageparadigm rather than a browsing one. With the sameargumers in section
2.2 regardingtask basednavigation, the needfor abstraction can be rebutted.

In the beginning of this thesisin section2 we exploredthe problem of de ning and
describinga mobile. There are numerousobstacleso adequatelyde ne devices.You
simply can not rely on the vendor'sinformation or UA pro les for reasonsiterated
earlier. The market is quickly moving and di erent UAs are introducedto market
ewvery couple of weekstherefore device grouping could newer be a oneo solution.
The descriptionswould constartly needupdating and ne tuning. The risks of not
being vigilant is that a new device might not function with the device dependen
application. Thesedevicedependert outputs are likely to be incompatible between
user agerns and break in unpredictable ways. Maintenanceand testing coststend
to increasewith the sheeramourt of user agerns and their dierent versionson
the market. Often authors are inclined to only support popular devicesto the
exclusion of less popular ones. It is impossibleto gaugethe demand of a Web
application with a devicethat hasan unsupported UA that is unableto accesst. It
isdicult to recordthe inevitable lost businessasmobile usersdo not have asmuch
opportunity to complain as email enableddesktop users. The usability problemsof
devicedependert engineeringare hardly avoided by this abstraction, instead they
are arguably encouraged.

Di erent information on di erent deviceswill disrupt multimodal access.The for-
mats that thesetechniques generatesare not just typically incompatible between
devices,the information can be alsodi erent. For exampleauthors put more infor-
mation on a desktop deviceand more likely to strip o0 merus and verbosefooters
for a mobile version. Another exampleis a URL that points to weather informa-
tion about Finland on a desktopversionmay display the weather of se\eral Finnish
cities. On a mobile versionthe sameURL addressmay only give the weatherreport
of Helsinki. Devicedependen engineeringfacilitates unpredictable information loss
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and inequality betweendevices.

Devicedependen engineerstypically generatedi erent URLSs for di erent devices.
The root could befor the desktop,/mobile for mobile devicesand /tv for TV devices.
This pollutes URL spaceasin this casethere could be three URLs pointing to the
sameor di erent information. The URL sdeme or structure devisedby the host
is often dicult to designand predict, thereforeuserswill nd it dicult to nd

the URL most appropriate for their esotericdevice. Templating can encouragepoor
URL addressing.

Generating device dependen corntent for many di erent UAs is expensie. Com-
plexity and logic can directly downgrade sener performanceand therefore many
methods generatepagesperiodically. This may meansomeversionsof the informa-
tion may be out of date comparedto others. Another weaknesss that there s likely
to be input the solution doesnot cater for.

As these pagesare generatedthere is an emphasison output. Information input,
dynamic and responsive information now becomedarderto facilitate by the author.
Static pagesand static applications are much more likely with thesetechniques.

These methodologiesdo share seeral harmful common traits which a ect device
independencegoalsthat should be adknowledgedand best avoided. Device depen-
dent techniquesdo cater for the millions of legacy UAs in existence,therefore not
utilising sud a method would limit Web accesgor many millions until they upgrade
their UA. Due to the mobile device'scharacteristic of being di cult to upgradethe
software, UA updates may be accomplishedonly when the consumerbuys a new
device. As many people perceive browsing the Web as the failure of WAP, then
the attraction of aimproved UA may not be enough. Somepeoplehowever may be
forced to upgradedue to degradation of the mobile's battery. This upgrade cycle
could be aslong asa decadeor more. In the long term the harmful implications of
adopting devicedependen techniquesarguably outweigh the short term bene ts.

4.2 Adaption

The adaption methodology seenin gure 9 is a technique proposedby the W3C
which is more suitable to vertical markets than the Web. Adaption is proposedto
work by downloading the UA pro le manufacturer's site from the addressgiven in
the headerof the UA and parsed. Then a systemnot limited to the mobile device
can be employed to adapt Web content dynamically. The adaption systemwould
takein Web content and output cortent better suited for the limited UA of a mobile.
The adaption systemis deployed as a proxy sener in the domain of neither Web
deweloper or useragen. Usingthis technique could allow existing UAs to browsethe
legacy Web of poor markup. As useragens can not be upgraded easily adaption
is argued as a worthwhile technique to increaseaccess. Conceiably the author
doesnot have to worry about ensuringthe cortent is well formed or well designed,
as intermediate adaption will transcode the site to best t the UA. Unfortunately
this middleware\silv er bullet” x amourts to a complexexpert system,that is not
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Figure 9: Adaption [HMO04]

suitable for the heterogeneousnputs or outputs.

Generating and outputting device dependert cortent sharesall the problems of
devicedependern engineeringdiscussedn section4.1. Except with adaption we do
not know the author's intent.

Information marked up in HTML can be distributed in a variety of incorrect ways
as authors are often not careful about semartics or separating style from cortent.
Old Web applications did not have the possibility of separatingstyle from conent
as CSSeither was not around or unimplemerted by leading UAs at the time. This
makesthe task of parsing and tokenizing older cortent a considerablechallenge.

Text/html may not be the only input to an adaption system. Style sheets,images
and proprietary formats sud as Flash may also be input. The adaption system
should be able to acceptthis input, without losing any meaningful information.

One approad to identify elemens in HTML is the Function-BasedObject Model
(FOM) [CZSF01]. It tries to group elemens of a Webpageinto semaric units
by using generaland speci ¢ rules and combining a myriad of techniques sud as
imageanalysis,decisiontrees,semaric analysis,clusteringand link analysis. These
various methods can be usede ectively oncethe input structure hasbeenanalysed.
Researb acknowledgesif the input changesunexpectedly the e ectivenessof these
methods decreasesind they are expensiwe to update. This is why adaption is more
suitable for vertical markets asthe adaption systemcan expect a certain cortrolled
quality of Web cortent asinput. Web cortent with di erent designsand markups
areintroducedconstarly, thereforeinput ruleswould needto be maintained. Input
that isn't stable and not well structured can not be transcoded easily

The adaptive proxy may needto discard inappropriate redundart information like
needlesoptions or advertisemerts in order to generatee ective output for a small
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screen. Determining the quality and type of information in an Web corntent input
streamis a nearimpossibleproblem. Someinformation may beleft out with adapted
content for deviceslike mobiles, that could be important information sud as the
authorsdetails. Adaption needsto either intelligently guesghe authorsintent or the
cortent owner needsto getinvolvedin orderto producereasonableesults. Adaption
doesnot scaleand is simply ine ective with the Web asits input.

It will not scaleto all mobile devicesunlessthere is acommitmert to dewelopingand
maintaining the system. This technique may work in a closedvertical market where
you understandthe cortent and understandthe UA, but on the Web this technique
is wholly inappropriate.

From the e orts of the W3C we have learnt how their work billed for Device Inde-
pendencesuch as XHTML and UA Pro les largely fail to addressthe real issues.
The authoring technique of adaption proposedby the device independencework
group was alsoshavn to be awed. Howewer adaptive proxies do have the potertial

to extend the functionality of an UA by outsourcing expensiwe operations.

4.3 UA support

Server User Agent
Request(URL)

Proxy Client

Response(Contenk)

Figure 10: Proxy and client providing an UA

As UA choiceis especially limited for mobile users,UA functionality could be ex-
ported to a proxy as seenin gure 10. As UA Pro les are not adequate,if an UA
had expensiwe operations outsourcedto a another more open platform then mobile
UA could be enhanced.

Opera software have a proxy servicedepender on their speci ¢ mobile Opera UA
which works together to reducetrac costs[Ope04b]. Opera's proxy claims to
compressWeb pagesand eliminates unnecessarycortent beforeit is downloadedto
the mobile phones. Opera estimatesa signi cant 65%reduction in trac costs.

The Power Browser is another example of an UA and an adaptive proxy working
mutually [BKGM™02]. The proxy and UA work together to provide the user v e
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levels of summarisedinformation. The UA prompts and displays special icons for
eat mode while the proxy performsindexing, summarisationand producekeywords
for servingto the client at request. The proxy performs UA dependen features,
thereforethey arereliant on oneanotherand cometogetherto provide a full featured
UA. To distinguish from adaption, the proxy is in the domain of the UA, not the
author or the network operator.

Thesearchitecture doeshave somescalability problemslike that of adaption. Con-
ceivably the UA proxy could sene seweral UAs although this was not addressed
in the researb. A proxy as an extensionof the UA is a worthwhile approad to
overcomingdeviceconstrains to provide a better browsing experienceon a mobile.

4.4 Device indep endence

External

Style
Sheet(s
— P _CDC)
Content Device >

independent

N

Figure 11: Style and cortent are separatedwith an emphasison the UA

Deviceindependencds a discipline wherea singleWeb interface works satisfactorily
on all deviceswithout modi cation. That assumeshat ewery device has an UA
that implemerts a minimum speci cation of de facto Web standards. That min-
imum speci cation today is a dynamic subsetof W3C's recommendedstandards.
The speci cations revolve around changing de facto standardsthat have invariably
appeareddue to various consequencesf poor W3C leadershipand UA implemen-

tations.
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Harsh realities which feature quirky and incompliant W3C implemertations, with
UAs sud asthe market leadingInternet Explorer UA of the desktopdeviceand the
Nokia UA of the mobile device. HenceWeb dewelopers can not rely on standards,
their work instead is awkwardly dependert on numerousesotericUA implemerta-
tions of varying quality.

De ning exactly what is the minimum commonUA implemenation required for a
Web application is relative and changingover time. The traits of today's reasonable
Web UAs is onethat implemerts HTTP, is ableto acceptinvalid HTML and render
it, all of which are dicult to implemert. Web applications often require more
from an UA, sud as form processingfor interaction, image handling and se\eral
convertions sud as navigation aids preserted to the user. Competing UAs sud as
Mozilla and Operaimplemert many more W3C standardsthan the minimum with
ewvery limited release.The lowest commondenominatorbetweenUA market leaders
is the moving target for Web application dewelopers.

Validating Web applications to selectedstandardsincreasesUA compatibility and
hencedeviceindependence.The commondenominator between UAs today is typ-
ically HTML4. Howewer every UA implemerts HTML4 support in di erent ways,
thanks to the ambiguity involved whenliberally parsingHTML. Testing Web appli-
cations againsttargeted UAs is still very important, but validation serviceso ered
by the W3C ensuresother UAs will have a good chance of working too. In the
past UAs displayed speci ¢ behaviour independen of the devicein order for Web
applications to depend on a particular vendor of the UA. If Web applications are
dependert on the eccetricities of a particular UA, then the vendor of that UA has
a monopoly. This is harmful for deviceindependencedue to closeties betweena
device platform and the UA. For exampleif a Web application is dependert on a
particular UA that was not ported to all deviceplatforms, the Web application de-
vice independenceis limited. UA independencevia Web application validation by
a more independen third party is fundamenal to deviceindependence.Validation
increasesthe chancesfor a Web application to function on all existing and future
userageris regardlessof device.

Good Web applicationsare designedaround short ambiguousURL structure, where
a single interface ensuresconsistency When adapting or modelling for particular
UAs or device platforms di erent forms of Web cortent can come from a URL
sud as http://example.com . In orderto prevert confusionand ambiguity, many
Web applications are tempted to employ a unique and inconsistet URL schema
for e ectively the sameresourcefor di erent deviceor UA groupings. Examplesof
this bad practise include http://mobile.example.com , http://example.com/pda
or eventhe proposedtop level domain http://example.mobi  [BL04]. With a single
common HTML interface the integrity of addressingof the Web is kept intact.
Multimo dal accesdrom di erent devicesis supported with portable, mnemonicand
consistet URLs provided by URL designdiscipline.

With one Web interface genericproxying and cating becomesamore e ective. If a
Web resourceo ers di erently tailored content to particular devices,then generic
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cading may not work. For exampleif you are reading cortent from a Web applica-
tion from a desktop devicewhich has beencaded by a proxy that was previously
requestedfrom a mobile device. The mobile dependert Web cortent on a desktop
UA may look inconsistert or lack information that the userexpects. A singleinter-
facegeneratedby the deviceindependert Web application meansthat genericWeb
proxying can be employed to save network costsand time.

Having a single interface allows Web application dewelopers to focus on their user
interface. With a myriad of generatedHTML interfacesin the device dependen
methodologiesit is easyto losesight of how the userinterfacebehaves. Oneinterface
allowspolishingthat simply could not be cateredfor cheaplyin modelling techniques.
Mobile UAs might catch errors of the commoninterface that a ect desktop users
and vice versa. As there is lessabstraction, a more robust and consisten application
will morelikely result. Lessresourcescan be spert on testing di erent interfaceson
di erent devices.

The practise of separatingstyle from cortent into style sheetsis the key to device
independert engineering. For new Web applications this is easierto achieve than

existing applications which do not already exploit CSS.SomecommonWeb layouts

featuring columnsare quite di cult to achieve in CSS,thereforesomelarge changes
may needto be doneto migrate acrossto CSS.CSSsaveson bandwidth by cading

the style sheetthat is typically usedacrossa Web application. Howewver CSS can

be poorly applied by being embeddedin HTML and not in an external le. Hence
the bandwidth saving will be lost and make UAs lesslikely to able to cortrol their

use. Having a style sheetseparatefrom the HTML allows the UA to useit, switch

it for another or turn it o altogether. This allows cortent always to be accessible,
by removing a restrictive device dependen style that for example has too small

text. CSSfacilitates the Web on the mobile platform by economisingbandwidth

and allowing the possibility of cortrolling restrictive devicedependen styles.

CSSsupport on popular mobile UAs on the Nokia series40 is almost a regression,
but there are practisesfor Web dewelopers to workaround these problems. Some
mobile UAs cannot turn o CSS.There may be a good reasonto turn o CSS,as
someearly implemertations are very slov or worse, simply incorrect. Non-existert
media types can be employed to turn o CSSstyles beforethey comeinto a ect.
Assumingthat the UA in questiondoesnot query CSSmediatypesand processes
CSSin order it is loaded, both of which appliesto the Nokia UA, a workaround is
availably to avoid immature UA bugs.

The deviceindependert methodology more likely requiresthe useof relative elastic
designsby Web application dewelopers. As CSSmediatypescan not possibly cover
all devicesin existence,onecannot statically style every screensizeor device. Style
sheetsneed to be elastic enoughto scaleto ewery device. Unfortunately elastic
designsfor dewelopers are more di cult than static ones. Static designsare often
much easierto think about and implemen for designersusedto working with xed

dimensions. A static designis comparableto the print medium, where page size
is known and exploited. Static designsare di cult for many useragerns to render
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satisfactory With style sheetshowe\er, theserestrictive static styles can be turned

o and henceavoided. Someadvanceduser agers sud as Opera's Small Screen
rendering can transform static designsinto elastic onesto increasethe pagesof the

Web application's scalability. Howewver Web deelopersfor the most part shouldgive
up somerestrictive cortrol and aim for a relative scalableelasticdesignfor their style

sheets. Generally Web dewlopers should be designingfor the deviceindependert

Web medium, not the restrictive static screenor print mediumsthat tend to be
devicedependert.

Whether screensizesare large or small, the word court per HTML pageshould be
be kept to a minimum especially with this technique. Many mobile userageris have
small limits to what can be renderedat any onetime. Pagesthat aretoo large are
usually not even partially rendered,they are not renderedat all. Asit isdicult to
ascertainif this limit will be exceededthe best practise of a minimum length should
be employed. Web dewlopers could remove all whitespaceon their cortent output
to save on precioushbytes for example.

On larger screengoo much text overwhelmsa user,thereforethis concisepractise of
limiting length can be appliedto good a ect in the desktopdomain too. Copyright

text and cortact details typically found in footer texts of Web pagescan often
be placedin metatags in the head elemen of HTML to economiseon screenreal
estateand allow other programssud asthe useragen to nd this information more
e ciently. Form inputs and cortrols should also be kept to minimum by splitting

them acrossstepsof the Web application. Filling in alongform is tiresome,however
lling it in stagescanbe morerewarding and help nd problemsin the input quicker.
The practise appliesjust aswell on mobile useragens wherelarge forms are known
to be problematic. Splitting input forms assistsmulti-modal access. A use case
wherely onebegins lling enering input on a desktopand then nishes o the form
on a mobile is much more likely to succeedwith a form in stages.Web application
data storageand securily is the responsibility of the Web application, not the user
agert with this technique.

The acrorym and abbreviation tool (AAT) is an example of a Web application
engineeredo be deviceindepender. As seenin the gures 12,13,14and 15in the
appendix of the thesis AAT works on any UA tested with it. Through editing the
URL or the singleinput and submit button an acrornym canbelookedup. The query
matchesany string of an acronym or its expansion. The resultslist both the acrornym
and its expansion. This Web application could be made more genericin order to
query any databasetable's values. Although simple, this deviceindependern Web
application demonstrateshow information can be queried from any devicewith a
basic Web UA today.

Imagesasdiscussedio not scaleand hencetheir useesgecially inline HTML should
be avoided. Somemobile user ageris and their usersare unableto turn o image
downloads,thereforea Web deweloper should take carenot to useimagesalongside
HTML text. Direct hyperlinks to imagesare better practise, asit givesusersand
userageris ner cortrol on how to display that image. Allowing usersto selectan
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image from a Web page saves givesthe user more cortrol on a typically expensiwe
mobile network connection. Direct hyperlinks allow user ageris to display image
acrossthe whole screen,which is a better practise on mobile deviceswith limited
screensize. Inline imagesin IMG tags within HTML on earlier mobile user agerts
typically are inaccessibleor assumea particular devicedependen screensize. Due
to mobile characteristicssud aslimited memory sizesand high network costsinline
imagesshould be avoided, with best practiseis to link imagesinstead.

Whilst external style sheetso er a migration path for existing Web applications,
new cortent types do not. The majority of existing user ageris do not support
non-HTML cortent types. If a typical mobile UA opens SVG cortent, that con-
tent will not be able to be displayed at all. If a typical UA opensHTML conent
with advancedunsupported style sheets,the userwill still have accesdo cortent.
Thereforethis techniqueis limited to HTML asthe basefor delivering information,
unlessthe vast majority Web cortent and user agerns do not use HTML, which is
very unlikely. Existing mobile platforms unlike desktop platforms usually are un-
ableto install pluginsto support newcornent types. Deviceindependenceechnique
requires new Web technology to be introduced via the ubiquitous Web text/h tml
cortent type.

5 Outlo ok

Electronic devices,networks and information technologiesshould be genericcom-
modities. This aim is emphasisedthroughout this thesis and its acceptanceand
support with ead stakeholderplaying their own role are neededto realisethe In-
formation scciety.

Discriminating between devices,sud as arguing the requiremerts of a device are
fundamenally di erent from another breedsinconsistencyand inequality. This the-
sis has showvn how dicult it is to de ne a mobile and how over a generationthe
technical gap betweena desktop and mobile has narrowed considerably

Setbadks occur when assumingone devicerequiresa fundamenal di erent form of
navigation, markup or usethan another device. The thesisdispelled further myths
su asmobile inputs beinginadequateor that small screenoutputs wereinsu cien t
to readtext.

This thesisa rms that the way we usea mobile deviceto accesghe Web, shouldbe
no di erent to the way we useany other electronic device. When usageparadigms
are consistem acrossdevicesthen we can achieve deviceindependencewhere peo-
ple can switch between devicesat no cost. The sheercornvenienceand usability
of multimodal accessdemandsdevice interfacescornverging on a genericUA Web
interface.

Discrimination betweennetworks has limited mobiles. The thesisrea rms the In-
ternet as the genericnetwork for all devicesto operate in. Attempts to separate
networks in orderto monopolisea market fragmerts the distribution of information.
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This thesishasshavn how exclusive mobile vertical markets have harmed progress.
Mobile operators should becomelnternet serviceproviders and compete in an open
equal market. Mobile operators needto bill for open network accessn a generic
way, or risk discriminating usersor fragmerting network accessbetween xed and
wireless.

Not viewing the Web as the single information interface and to shun HTML's pro-
found achievemerns harms the growth of the Information scciety. The thesis has
showvn how choosinganything elseexceptthe de facto languageof the Web HTML

has limited, divided and slowved accessto information. The Web is an ewlving
medium in its own right. Viewing the Web through restrictive mediums sud as
paper and television limits it. Static styles of a desktop screenrestricts the Web to
the screenmedium. The Webis a medium that must scaleto any output, making it

profoundly di erent to mediumswe are familiar with sud asnewsparsand cinema
projection screens.The Web is the supersetmediumin which other mediumsshould
be derived and it should not mimic other mediumsas shovn in device dependen

engineering.

Device manufacturers should refrain from needlesgdi erentiation of their devices,
sudh as Nokia's keypad adjustmerts. A good genericresponsive smaoth scrolling
screenwould be more competitive commaity strategy for example.

The operating systemshould becomemore genericand open in order to allow UA
software to update and upgrade. Proprietary platforms limit the ertire Web by
forcing Web dewelopersto cater for non-ewlving User Agents which are dependert
on esotericoperating systems.UA dewlopersneedthis genericopen ervironmert in
order to improve their UA. Mobile UAs have largely beenleft behind desktop UAs
becauseof the restrictive mobile platform. A generic operating system between
deviceswould help UAs ewlve in the sameconditions, promoting compatibility by
levelling the playing eld for UA dewlopers' products.

Web deelopers should build applications for the Web medium or risk fragmerting
their work and focus. Up until adaption we sav Web dewelopers taking the brunt
of the weight of making the Web work on di erent devices,as they have beenlet
down by poor user agers. Focusing on the Web medium requires switching to
device independen practiseswhich is di cult for dewlopers accustomedto xed
dimensionsof previous mediums.

Web usersmay also needto accept how information will be accessedhrough a
genericUA interface. Although premature, the Web useragernt is likely to replace
the desktoprich client paradigm of accesdor most IT users. This may meanusers
will have to acceptoften poor but simple usability of today's Web form cortrols
instead of their rich clients of the past. Genericapplications calls for genericand
stable usability.

The future for the deviceindependent Web lies with HTML. The W3C Workshop
on Web Applications and Compound Documerts in June 2004 puts mobile device
accessagain on a crossroadsbetweenimpractical pro led XML basedtechnologies
and de facto Web standardssud asHTML tag soup.
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In the rst generation, WML waschoseninsteadof HTML. In the secondgeneration
XHTML mobile pro les waschoseninstead of HTML. Improving and extendingthe
various complex error prone XML technologiesthat favours narrow vertical mar-
kets with expensiwe device dependert solutions has been shovn to be the wrong
approad. HTML tag soupis an undesirableerratic result of inevitable malformed
Web cortent, that is not goingaway. An e ort willing to accepttheserealities and
provide direction is needed.

A collaboration betweenOpera Software dewelopersof the OperaUA andthe Mozilla
foundation dewelopers of the Mozilla UA, hascreatedthe Web Hypertext Applica-
tion Tednology work group (WHAT WG) [Web04b]. Their aim is to improve the
neglectedHTML speci cation in order to realisethe Web's potertial as an device
independert application platform. They proposethat Web application technologies
should be basedon familiar technologiessuc asHTML, CSSand JavaScript. This
allows a clear migration path for improvemern as well as backwards compatibil-
ity via degradation. Thesedesign principles including problemslike how to de ne
standardiseerror handling needto be addressed.

Already Opera has an UA port that ships on series60 Nokia mobiles. Mozilla
alsohasan UA port for mobilesnamedMinimo. With Internet Explorer's inactive
dewelopmen and decreasingmarket shareon desktopdevices,this may allow Opera
and Mozilla to commdify the UA market. There is an exciting opportunity to push
both workable standards and UA dewelopmen forward making the Web medium
easierto dewelop for and more usableregardlessof device,unleashingthe ubiquitous
information application.

Suggestedurther researti should delve into practical developmen and testing for
Web UAs on mobile devices,together with distributed UA support from proxies.
One of the major open problemsdiscussedvith the Web API and the mobile device
is the needfor a scalablebitmap imageformat. Thesetopicsaswell asacommitmert
to existing Web technologiessut asHTML is requiredto dewelop the Web API for
greater access.

Despite theseproblemsa new exciting era of ubiquitous computing via the popular
mobile deviceuni ed by the Web APl canbe realisednow with a deviceindependent
engineeringapproad.
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App endix Acron ym and Abbreviation Tool (AAT)
screenshots

Figure 12: Microsoft's Internet Explorer userager rendering AAT from a Desktop
PC



Figure 13: The Mozilla Firefox useragen rendering AAT from a Desktop PC
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Figure 14: The Operauseragert rendering AAT from a Nokia 6600

Figure 15: Nokia's in built userager rendering AAT from a Nokia 6600
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