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ABSTRACT

Author Mikko Honkala

Title Web User Interaction - a Declarative Approach Based on XForms
Published  Doctoral thesis, Helsinki University of Technology, 2006
Keywords XML, User Interfaces, User Interaction, XForms, UIDL, XHTM

This thesis studies next-generation web user interactedimition languages, as well
as browser software architectures. The motivation conwes fiew end-user requirements
for web applications: demand for higher interaction, adaph for mobile and multimodal
usage, and rich multimedia content. At the same time, ther® riequirement for non-
programmers to be able to author, customize, and maintainuser interfaces.

Current user interface tools do not support well these nedskof requirements. Thus,
the main research problem of this Thesis is the definitiona#ace and modality indepen-
dent model for high-interaction web user interfaces.

This Thesis proposes a set of criteria for user interfacks t@md evaluates current tools
against the criteria. It proposes a taxonomy of tools baseauthoring style, consisting of
procedural, declarative and hybrid tools. Based on an aisalgieclarative languages are
chosen, the main advantage being higher semantic levethwdnables ease-of-authoring
and adaptation based on context of use, current device, st preferences.

A layered model, consisting of mostly declarative langsageproposed. It is composed
of well-defined, and proven XML languages, and is dividea ilatyers. The abstract Ul
layer contains, among others, interaction, documenttstreicand security, and is modality
independent. The modality-dependent layer allows moraldetcontrol over the renderings
for each modality, such as visual and aural. It is shown thigtpossible to automatically
produce multimodal user interfaces from a single dechaatser interface definition using
the proposed model. This thesis focuses specifically oningeaction, where the use of
XForms language is proposed. The author has co-specifieXFbems language in the
World Wide Web Consortium. In the proposed model, procedsrapting is only used to
provide specialized modality-specific widgets in a reusabanner.

Finally, as a proof-of-concept, this thesis describes tita@’s implementation of the
proposed model. The implementation is part of the openesoXMrSmiles user agent and
includes full implementations of most of the proposed laggs and techniques.
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TIIVISTELMA

Kirjoittaja Mikko Honkala

Otsikko Deklaratiivinen malli WWW-kéayttéliittymien toteuttamiseepoh-
jautuen XForms-kuvauskieleen

Julkaistu Vaitoskirja, Teknillinen Korkeakoulu, 2006

Asiasanat XML, Kayttoliittymat, Vuorovaikutus, XForms, UIDL, XHTML

Tasséa vaitoskirjassa tutkitaan seuraavan sukupolven WWtekitymakielia ja nii-
den selaintoteutuksia. Tutkimuksen tarkeytta lisad WWWebBosten uudet vaatimukset
loppukayttgjien taholta: suurempi interaktiivisuus, raukkaminen kannettavaan ja multi-
modaaliseen kayttoon, ja multimediasisaltdjen lisaamgm Samalla vaatimuksena on,
ettd WWW-kayttoliittymia voisi kehittaa ja yllapitaa muutkkuin ohjelmoijat.

Nykyiset kayttoliittymatyokalut eivat tue edella mainiéh vaatimuksia hyvin. Siksi
taman tyon paatutkimusongelma on suurempaa interaktasdivien WWW-sovellusten
maarittelymallin suunnittelu ja toteutus. Mallin on mydisawa laite- ja modaliteettiriip-
pumaton.

TyOssa esitetddn joukko kriteereja ja arviodaan niidengieella talla hetkella kaytossa
olevia tytkaluja. Lisaksi tyossa esitetddn WWW-kayttdlmttyokalujen kayttbtapaan pe-
rustuva jaottelu, jossa tyokalut voidaan jakaa kolmeekkaan: proseduraalisiin, deklarati-
ivisiin ja hybridity6kaluihin. Naitd analysoimalla tyéssuositellaan deklaratiivisten kielten
kayttoa, silla niiden semanttinen taso on korkeampi. Taetadttaa niiden kayttoa, ja mah-
dollistaa kayttéliittyméan mukauttamisen eri kayttotilaie sopiviksi.

Tydssa esitetdan kerrostettu malli, joka pohjautuu Kisialidessa esitettyihin vaatimuk-
siin. Malli yhdistd& aiemmin méaariteltyja ja hyviksi hattaja XML-kielid. Abstrakti kayt-
toliittymakerros, jossa maaritella mm. interaktio, dolentin rakenne ja tietoturva, on riip-
pumaton modaliteetista. Alemmassa, modalitettiin sisedkerroksessa voidaan méaaritel-
l&&n kullekin modaliteetille (esim. graafinen- tai puhek@littyma) sopiva esitysmuoto.
Tyossa keskitytaan erityisesti kayttajan vuorovaikuagks jonka maarittelyssa suositellaan
kaytettavaksi XForms-kieltd, jonka maéaarittelyyn tekija osallistunut World Wide Web
Consortium:ssa.

Lopuksi tydssa esitetaan tekijan suunnittelema ja taendtprototyyppi esitetysta mallista.
Se sisaltyy avoimen lahdekoodin X-Smiles selaimeen.
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1 INTRODUCTION

The World Wide Web (WWW) has been a phenomenal success. Collegt&imple tech-
nologies and a simple publishing model has enabled theenezita huge information repos-
itory, which anybody with an internet connection can accéé®& web is changing, though.
While it previously was mainly a channel for publishing anttiexing documents, it is now
transforming into a platform for interactive services apglecations. Even highly interactive
content authoring applications are currently being im@atad in the web.

This change towards more interactive applications hasawgat the utility and the user
experience of the web, but it has also led to a rise of comgyiéxiprogramming web ap-
plications. There are three main reasons for the compleiitgt, generating these dynamic
web pages on the fly makes programming code harder to undératal debugging more
difficult. Second, the dynamic web pages are often a mixtiiraarkup languages, client-
side scripting code and server-side function calls, whielkes them even harder to maintain
and understand. Third, the high number of software toolseb applications makes those
applications complicated to design and fragile to deplay ram. [23]

Web applications are distributed, and accessed with yaoktifferent user terminals
(e.g., mobile phones, television sets). Unfortunately,uker interface technologies, which
are used today are derived from the research in the 198(0js8@re these requirements
were unknown, and computing was based on single-user gesiddel.

This Thesis researches software tools for web user interaand relates t&oftware
Engineering(SE) andHuman Computer InteractioHCI) within the Computer Science
(CS) discipline. In particular, the research areagsr interface engineering

1.1 Current Trends in Web User Interaction

There are three somewhat separate trends, which have actieel main motivation for this
Thesis:

1. Demand for highly interactive web applications [93].
2. Demand for adaptation of web applications for mobile amdtimodal usage [45].
3. Demand for multimedia content in web applications [93].

Examples of highly interactive web applications (alsoeRich Web Applications [89]
or Rich Internet Applications [32]) include Google Spreasistis, which is a spreadsheet
application that works with a web browser without any addiéil plugins, and Gmai which

1Google Docs: Spreadsheets, Web Application, Availabléti://docs.google.comAccessed Nov 2006.
2Gmail, Web Application, Available ahttp://www.gmail.com/Accessed Nov 2006.
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contains a Rich Text email editor, also used with a web brawsedaily tasks are done more
and more using the web, the mobile and multimodal usage ofappbcations is becoming

more important as well. The last trend, demand for multimexintent, is already being
realized, as media companies are starting to provide medtiay and TV content within

their web pages, with examples such as YouTYyl@NN Vided".

1.2 Definitions

A web applications an application, whose user interface is distributed aveHTTP gate-
way, and which accesses a certain server-side resourcex(élg, a database, an information
system). The user interacts with the user interface thrauggmeric client (i.e., the browser),
which interprets the Ul and sends back request parametegsieRigparameters are processed
by the web server and passed to the web application, whicardially generates an HTTP
response [63]. The process of writing web applications liedaveb developmen48].

There are many software libraries, languages, or framesvavkilable for defining the
user interfaces of web applications. These are calkat interaction toolsn this Thesis.
For instance, Java Servlets are server-side Java progvamtd) generate HTML markup,
which is rendered in the browser.

A device independeniser interface can be utilized in various end-user devigkge in
multimodal interactiortwo or more combined input modes are processed in a cooedinat
manner with multimedia system output.

1.3 Problems with Current Web User Interaction Tools

The three trends defined in Section 1.1 combined with theeati(fegacy) web Ul tools have
resulted into the following main problems:

Low interactivity. Lack of higher interaction make the user experience worsgpeoed to
many desktop applications. Also, the page-centric modéi®fVeb often breaks the
user interaction at unnatural places [32].

High latency. Network overhead and unnecessary round-trips result edodsponsiveness
and generally make the user experience worse [20].

Web development complexity The problem with current web development frameworks is
that that even simplest changes to the pages need changaskterd program code.
So called template languages, such as Java Server PagesniE&P small changes
easier, but they are too much HTML page-centric: the dewlapites HTML pages,
which then can incorporate either server-side generatide ¢e.g., in Java) or client-
side scripting (in ECMAScript). Not surprisingly, this imteixing of server- and

3YouTube, Web Application, Available altittp://www.youtube.comAccessed Nov 2006.
4CNN Video, Web Application, Available ahttp://www.cnn.com/videoAccessed Nov 2006.
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client-side program code along with HTML markup is diffictdt write, debug, and
maintain. [23].

Missing multimedia integration. Adding multimedia (video, audio) to web pages is not
supported by the core technologies, and often required-gfarty plugins, which are
not necessarily available in all platforms [32].

Lack of device and modality independence Even though the current web languages are
somewhat platform independent, the current tools do nat gawod support designing
and implementing device and modality independent userfates. The main prob-
lems are [45]: Lack of knowledge and experience, methodokagd tool support, for
designing and implementing device independent user atest

In fact, the current web user interaction tools were not nigiireally designed for today’s
complex application scenarios. For instance, HTML formd procedural client-side script-
ing are used as the main user interaction definition, evemgtnohey were not designed to
describe complex, higher-interaction Uls and to be addpfab different contexts of use.

On the other hand, the following success factors of the wejhhsitill be desirable in the
future: standards-based communication and Ul definitidaguitous generic client, plat-
form independence, hypertext functionality, and indegewe of any specific server-side
technology. This Thesis focuses on declarative user ated description languages, which
promise to be more easily adaptable to different usage xtntehile still maintaining the
important features that have proven to be successful in gie w

1.4 Aim of the Study

This Thesis aims to provide user interface tools for nextegation web applications. The
main goals are related to software engineering: to enalfiwa® developers and even non-
programmers to build higher-interaction web applicationan efficient manner. Secondary
goals are related to usability and ubiquity: by providingl$p which support adaptation,
higher interaction, and multimedia content, the same dgveént effort should lead to more
usable Uls in a wide array of end-user devices and usagerszena

Traditionally, procedural approach, such as Toolkit APisaripts, have been used to
provide high interactivity in user interfaces. Recent treamdhe research community, as
well as the industry, has been to utilize declarative laggsan user interface description.
The basic difference between procedural and declarathguiges is that when procedural
languages tell how to do things, declarative languagestoapture the idea of what to do.
The main benefit of this approach is the raised semantic, ieveth allows user interfaces to
be automatically adjusted based on usage scenario andatielegice. Simon et al. call this
modelsingle authoringof device- and modality-independent interfaces [105]. ddi&on,
declarative languages are easier to process by accdgsaniti other tools, therefore fixing
many of the problems found in the approaches with lower sémivel (e.g., HTML forms
and scripting).
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In summary, declarative Ul languages have usually a highmastic level while tradi-
tional, procedural programming languages have more esipeepower. It is essential that a
balance between semantic level and expressive power iglfatms balance is the focus of
the research work in this Thesis.

1.5 Assumptions

In order to focus the research in this Thesis, and based oauthent state of the art, the
following assumptions were made.

Rich Web Applications. Users prefer web applications, which provide higher irdéviy
and seamlessly integrated multimedia content, comparthe tones that fail to provide
this [32].

Skill set of developers.In the future, not all developers have homogeneous skilllsai/-
level systems developers have more detailed knowledge >qretience in operating
systems, hardware, and low-level programming languagesglidation back-end de-
velopers know their databases and Web services AFer interface developera/ho
are the target of this Thesis, have extensive, often inyitknowledge on usability,
but are not necessarily experienced programmers. It ddanake sense to offer the
same tools, and expect the same skills, for each categomvetapers.

Heterogeneous end-user devicedNew end-user device types are being invented and
brought to the consumer market all the time. In order to gettldest possible audi-
ence, web applications need to be usable on many platforsjs [4

XML-based languages.Even though there is a long tradition of pre-XML declarative
languages (cf. e.g., [47, 51]), W3C defined XML languages ae=lun this Thesis
whereever possible. W3C is the most authoritative body fdr development, giving
it's standards the biggest audience possible, which alsmmthat these technologies
are well-defined, widely tested and interoperable. Alsopix#s [31] has been cho-
sen as the base language for interaction, since the Autl®obéen involved in the
XForms language specification, thus being able to affedetimguage to fullfill central
requirements.

Browser as the generic client.This Thesis assumes that the browser will be the generic
client that is installed and running in the various end-u$®rices. The final user
interfaces will be rendered the browser. There may exig¢miht kinds of browsers,
such as voice and graphical, but they will mostly supportstmme standardized set of
input languages- thus reducing the need for transcoding the Ul descriftion

SAt the time of writing, the supported set of languages in rsm@am browsers, such as Internet Explorer,
Opera, and Firefox, is XHTML 1.1, CSS 2.1, DOM L2, ECMAScriphd XmIHTTPRequest, and SVG is
getting more and more support. Even some mobile browseth, asithe Nokia S60 3rd edition browser and
Opera, have a good support of this set of technologies.

6There still might be other reasons for transcoding, suckem®val or addition of high-level tasks based on
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1.6 Research Questions

The research questions of this Thesis can be summarizetiasso

Q: A device and modality-independent model for high-interaction web user interfaces.
The question can first be motivated by the end user needs lighker interaction,
device independence, and multimedia content. Second,ishiglthe would benefit
from the model; standardization bodies could use it as itpfiiture standards, and
user agent vendors could use it to assess the implementatts of these standards.
User interface authors would benefit from a potentially npeductive way of creat-
ing Uls.

This is the main research question, whose subquestionkeafelkowing:

Q1: Requirements for next-generation web Ul description lmguage. What are the re-
quirements for next-generation web UIDL, based on the tedemands of higher
interaction, device independence, and multimedia coftent

Q2: Evaluation of current Ul description languages. How well current Ul description
languages address the above requirements in Q1?

Q3: Compound document profile to fit the requirements.. How can current document
formats be combined and extended so that they meet the eaagmts in Q1 and over-
come the shortcomings of the reviewed languages in Q2? Haowldlihe layout
models be integrated? Can multimodality be supported in aymbfile? What are the
security implications?

Q4: Implementation implications. What are the main issues when implementing the pro-
posed document profile in Q3? Can different implementatidtiseoprofile interoper-
ate well enough?

The research topics of this Thesis are Ul Description LaggsaContext Independence,
User Agent Software, and Communication Protocols (cf. Fadud). The research topics
of this Thesis are important because of many reasons. A lexpénsive effort of the web
application developers is lost in tailoring each applwatior different targets because the
current web interaction tools do not support adaptabilisgbility, and maintainability well.
Additionally, usability research has proven that usaphias huge impact on how efficiently
people can use applications.

1.7 Research Methods

This Thesis uses mainly Formulative research approach. nidie research methods are
Conceptual analysisand Concept implementation (proof-of-concept) [52, 99].

the target platform [46].
A study of the concepts presented, without using mathealatiethods, for instance validating a model
based on requirements. [24]
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Ul Description Languages

Software Architectures
Web Browsers [RP1]

Compound documents [P2]
Interaction [P1,P3,P8,RP2]
HyperText [P4]

Communication Protocols

Multimedia [P6,RP4,RP5] Security [P7]
Context Independence Request-response
Device independence [P5] Messaging
Modality independence [P9] Peer-to-peer [RP3]

Adaptation

Figure 1.1: The research topic categories of this Thesistlamadnain category of each of
the Publications. This figure also shows the relationshithefrelated publications to this
Thesis.

The research process for the included Publications moshtigws this pattern: first, a
review of literature and the researcher’s own experiencewgad to reach a state-of-the-art
knowledge on the specific topic. Next, requirements analysis used to provide a solid
base for concept implementation. The next phase was s@ftslemign and implementation.
Finally, use case analysis, and evaluation of the resultsifed. Participation in standard-
ization process was used when applicable and possible.

The validation of this Thesis is done on two levels. Firstaitetical validation is done by
comparing the approach against others using generaliargted more detailed requirements,
both derived from the literature. Second, empirical vdla@ais performed by a proof-of-
concept implementation, and use cases from different egdns, therefore validating the
applicability of the model’s features and the effectivenekits main concepts.

1.8 Organization of the Thesis

This Thesis is organized as follows: In the Section 2, theeruditerature is surveyed, and
application scenarios are given and analyzed. It also m&ga set of evaluation criteria for
web Ul tools, answering to the Research Question Q1. Thewolp Section 3 reviews the

current tools based on these criteria, relating to the Rels€amestion Q2. Then, in Section
4, the proposed model for next-generation web user intettiaals is presented (Q3). Next,
an implementation of the proposed model is presented inddestwhich is used as a proof-
of-concept of this study (Q4). Finally, Section 6 providks tonclusions and summary of
the Author’s contributions.
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2 BACKGROUND

This Chapter gives the background of the research and reviewlated research on user
interaction, and user interaction tools. It also derive®iao$ evaluation criteria for next
generation user interface tools.

2.1 Definitions

This Section gives definitions, which are used throughoaifTthesis (cf. Figure 2.1 for their
relationships). Theiser interface (Ul)of a computer program is the part that handles the
output and the input to and from the person (i.e.,uke using the program. The rest of the
program is called thapplication[78].

Presentation

Figure 2.1: The relationship of the definitions used in thedis.

The people involved in developing and using user interfaresclassified as follows:
The termuserdenotes the end-user, who utilizes an application throtgybser interface,
and is not an expert on user interface design or implementafiheUl authoris the person,
who develops the user interface of an application using a ingerface tool. Finally, the
developeris a programmer, who develops the application. Sometimesdélieloper is also
the Ul author.

User interactionis the process of the user utilizing a user interface. As Bl,[the
general ternmuser interface toolwill be used for all software and libraries aimed to help
create user interfaces. Note that the tool includes praeg¢diraries calledoolkits as well
as higher-level declarative tools.

In this Thesis, the termrocedural Ul tooldenotes a programming library, such as Ab-
stract Windowing Toolkit, which is used within a proceduiia.,imperativg language, such
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as Java [24] Declarative Ul toolshave higher semantic level than procedural tools. Typi-
cally, authoring with such a tool is possible even for noagsgammers. A well-known ex-
ample is the HyperText Markup Language (HTMUDser Interface Description Language
(UIDL) is another general term for declarative Ul tools. hpbrid Ul tool has properties
from both declarative and procedural tool categoriedJIAdescriptionis an entity, which
describes the user interface elements, possibly alongtiatiiser interface logic.

A user agentis a software component (e.g.,baowse) running in the user’s device,
which reads the Ul description, and communicates with tipdiegtion through theetwork
It generates a dynampresentatiorof the user interface, which the user then interacts with.
The interaction can happen simultaneously in differentafibds, such as aural and visual.

A classic model of user interface tools is presented by My&$ In that model, the
topmost component is Higher-level Tools, followed by Taalkthe middle, and Windowing
System on the bottom. On top of the model lies the Applicatéord below, the Operating
System. Itis depicted in Figure 2.2, where it is extended wabl classes used in this Thesis,
namely Ul description instead of Application, Declaratased Hybrid Ul Tools instead of
Higher-level-tools and Procedural Ul Tools instead of kdol

Classic l This thesis l

Application ] User Interface Description

Declarative, and Hybrid
Ul Tools, UIDLs

Toolkit | Procedural Ul Tools

[
[ Higher-level Tools ]
[

[Windowing System]

[ Operating System ]

Figure 2.2: The tools discussed in this Thesis related wsaidool architecture [78].

2.2 Application Scenarios
Some examples of application scenarios for this Thesisstesllbelow :

Services supporting mobility. In mobile use, it is important that the web applications are
device independent. In some usage contexts, such as wivamgdicar, they should
allow multimodal usage as well, as demonstrated by theuiatig scenario from Pub-
lication [P9]:

1. At the office.The user uses the car rental service to book a car for a hadiigay
Then she wants to know how to get to the car rental pick-upysiblic transportation.
She uses mainly visual modality to interact with the routnpkr. The route planner
saves the query.
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2. Walking. While walking to the bus, the user remembers that they needgebi
car, so that the holiday skiing equipment would fit in. Sheslagto the car rental
service using her mobile phone. Using speech input, shegelsathe car preference,
but notices that the pick-up point changes. She logs in todbie planner, and inputs
the new pickup address using voice input. Finally, she usesext message service
using speech input to notify her husband that she will beipgclp the rental car.

3. Driving a car. The user uses the route planner while driving, using the artbo
multimodal internet browser. She interacts purely withceoto select the holiday
destination (the startpoint is filled in by her GPS receiv8ie uses visual output for
the map of the route and aural output for the driving instans.

Content management. This use case from Publication [P8] is a content managenysnat s
tem of an internet magazine. The users are mainly joursaiigto have experience in
using typical word processing program and are familiar wighcepts like copy-paste.
The system allows editing simple documents, tables, ansttheture of the magazine,
including article release dates, etc. A slightly similae ease, albeit simpler, is found
in the Publication [P4], where the structure and headingsdiicument, are edited.

Distance education portal. This use case is described in the Publication [P6]. The Ul au-
thor of the lectures in the portal is either a teacher or arst@sg. Note, that the Ul
author is not a programmer, so the system should be as easyhior as possible.
The content is structured audio and video of the lecturessteypnized with the slides,
with user controlling the flow of through the lectures (magkipping parts she already
knows). The user of the portal is a student who wants to rdeelettures ubiquitously
using different kind of devices. The Ul author wants to cohtine learning rate of the
students, so she wants to create short "exams" between an withlectures.

Universal Remote Controller (URC). This use case is proposed by Nichols et al. (Personal
universal controller PUC) [82], and by Zimmerman et al. [1187]. The general idea
is that any user device could control any other device. Fstaimce, the user’s sauna
would transmit its’ user interface so that it's operationl a@mperature could be con-
trolled using a mobile phone. Related work by Barton et al. ffize XForms to
communicate data between web servers and sensor-enaigieddsvices, including
PDAs and wireless digital cameras. In their proposal, foatadan be inputted di-
rectly with sensor data as well as with manually enteredtinple web could be used
as the underlying technology to transfer these user irdesta

Workflows. Workflows often span different organizations and/or useugs, and therefore
it is beneficial to have ubiquitous access to the workflow igppbn. Since the web is
an ubiquitous distribution channel, it is a natural tool éplby Workflow applications.
A newer trend is ad hoc workflows, which are more flexible thadpfined workflows,
and even possible for end-users to author. There are mapp$ats for implementing
workflow applications [35, 110, 27, 114] using UIDLs or thehwe
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Secure transactions.Many usage scenarios, such as online banking, require eseoin-
repudiable transactions. The Publication [P7] presenéxars insurance claim appli-
cation. The application allows the user to file in an insueadaim, digitally signed
with his PKI private key. It is possible to have multiple pastin the insurance claim.
The different parties in this case should be independentiolh ether, so that it is
possible to add and remove parties from the claim. The majonimement is non-
repudiation; a signer cannot later deny having done theasige.

The above application scenarios contain common trendsnbtance, many of them re-
quire higher interaction e.g., interactive manipulation of structured informatiand some
(e.g., content management) even authoring of richly foralegtructured information. Also,
these applications contain evecher multimedia contenincluding synchronized audio and
video. Usage context independenisealso a common theme; Some applications would be
used in "extreme" situations, such as while driving a car. dpications should adapt to
these usage contexts without additional actions from d@ezk or users. One way of adapt-
ing is to use multimodal interaction. Some applicationsunegnon-programmer authors
be able to maintain the user interfaces. There is a groupaglpewhich would be able to
author or modify interactive applications, if they wereagivhe tools. Consider spreadsheet
authors, who are typically non-programmers. FinaBgurityshould be a consideration, as
more private data is being edited in web applications.

2.3 User Interaction Models

Research on user interface models and technologies canlycuglivided into three dif-
ferent categories, according to Beaudouin-Lafon [8]. Orhilgaest abstraction levahter-
action modelsnodel how the user interface is designed. Nexthitectural modelslefine
more concrete architectures for realizing the user intega Finally,implementation mod-
elsare concrete libraries or languages, which allow the d@ezlan a certain platform, to
implement a user interface. There are alewice-level model$ut they are outside of the
scope of this Thesis.

Severainteraction modelgor interaction stylescan be found in the literature, and many
of those have found their way into architectural and impletagon models. Probably the
most well-known interaction model is still the WIMP (Windowsons, Menus, and Point-
ing) model, originally used, e.g., in the Xerox Star useeifgice [106]. Direct manipulation
[103] is another well-known interaction model, where thgeots are manipulated directly
with immediate visual feedback. Direct manipulation isdigaite a lot in today’s user inter-
faces, e.g., in drawing programs. Many post-WIMP interactrodels have been proposed
with varying success. For instance, Instrumental Intevagefines the direct manipulation
model by generalizing and operationalizing it [8]. Direct@lmnation [56] is another inter-
action model, which is based on a metaphor of combining ¢bjegether.

Severalarchitecture modelsan be found from the literature, as well. Maybe the most
well-known is the Model-View-Controller (MVC), which sep#ea the concerns of data,
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view, and the control. [65].

Finally, Implementation modelaclude all languages and libraries, which can be used to
realize user interfaces on given platforms. Listing eveepmasentative array of these, is out
of the scope of this Thesis. The next Sections looks at im@igation models, which are
specific to the scope of this Thesis, namely web user inieract

All of the above categories are of interest in this Thesis: iRstance, the general idea
of the UIDL is an architectural model, and XForms, which is ®U can be classified as
an implementation model. On the other hand, it is importaat & given architectural and
implementation model supports relevant interaction nsadel

2.4 Taxonomy of Interactive Web Applications

Compared to traditional interactive applications, web mjapibns have certain noticeable
characteristics. Typically they are distributed, mukieuapplications, with special emphasis
on security, scalability, and device independence. Daestgat al. have proposed, based on
previous research [50], a taxonomy of web applicationsctvis based on the evolution of
the web. Starting from the earliest web applications andingptowards present-day ones,
their categories are [28]:

¢ Informational Online newspapers, etc.

¢ Interactive (User-provided information / Customized asyeRegistration forms, cus-
tomized information presentation, games.

e Transaction E-shopping, ordering goods and services, banking.

e Workflow Planning and scheduling systems, inventory managem@tissmonitor-
ing.

e Collaborative work environment®istributed authoring systems, collaborative design
tools.

e Online communities, marketplacé&shat groups, recommender systems, marketplaces,
auctions.

e Web Portals Electronic shopping malls, intermediaries.

e Web Services€Enterprise applications, information, and businesginégliaries.

While the above taxonomy is fairly comprehensive from the esxdiution point-of-view,
at least until to date, it fails to classify applications &d®n their interactivity. Therefore,
another taxonomy of interactive web applications is pregds this Thesis. This taxonomy
focuses on the complexity of user interaction.
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Information retrieval Applications in this category have a low interaction requmients,
and they only allow the user to browse and search informatisome database or
set of documents. The amount of user interaction is limiteeintering simple search
terms and navigating links. A typical web search engine iexample of information
retrieval application. Also, navigating a web site with saric linking would fall
under this category. From [28] thieformational andWeb Portalsclasses falls under
this category.

Information manipulation This class of applications has medium interaction requerets)
since only certain, predefined, pieces of information isesbby the user. An analogy
to desktop applications would be using a ready-made spneatispplication, e.g.,
for travel expenses claim, where modifications are allowealgt o predefined cells.
Another example is adding and removing items to a shoppingirta e-commerce
application. From [28] thénteractive, TransactionsandOnline communitieslasses
can be included in this category.

Information authoring requires a much greater level of interactivity. Applicasan this
class require application-specific interactors, and entraction styles, such as direct
manipulation. Word processor, spreadsheet, or image dgaayplications are exam-
ples of information authoring. From [28] th@ollaborative work environmentgand
Workflowclasses fall under this category.

Note that from [28], the only class that is not included in tiev taxonomy iSNVeb
Serviceswhich do not usually have user interaction themselvestdiber are used in com-
munication between computers.

2.5 Adaptation

Ul adaptationis an important means to achieve device independence. beaefined as
the ability of the Ul to run and be usable in different usageterts and devices. The main
reason to do Ul adaptation arises from different devicesnigavarious output and input
methods (e.g., smaller or bigger screens, voice outputsmaor keyboard) and the users
having various usage contexts.

Adaptation methods can be divided based onatieptation targetnto the following
categories [91]:

Spatial adaptation. The spatial arrangement of the objects is altered.

Temporal adaptation. The timeline of the presentation or application is altered.

Interaction adaptation. The interaction is adapted, e.g., by replacing interadtwrsther
interactors more suitable in the context.

Media adaptation. Media format or quality is altered.
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Several adaptation techniques have been proposed indfedlite. Most of the proposals
can be categorized into one of the following categoriesdbasd-lorins, who has conducted
an extensive evaluation of these methods [45]:

1. Multiple authoring , which is the traditional development approach, where thefU
each device is authored separately.

2. Unique portable code which consists of authoring a single Ul, which is able to run
on different devices. This can be further divided intoviafual toolkits and b)generic
clients (e.g., a web browser for markup languages) [45]. The lattethod can be
extended with author defined rules or hints [54] for adaptati

3. Transcoding takes as input a Ul's lower-level code, and generates Ulstateother
devices.

4. Multireification takes as input a Ul's high-level specification, and gensrateer Ul
descriptions for other devices.

5. Abstraction-reification takes as input an lower-level Ul description, generatesian i
termediate, higher abstraction level representation andyzes the other Ul descrip-
tions.

ltems 2-5 often promote a property call&igle-authoring which can be defined as
“centring the design process on a source interface desifymetie least constrained plat-
form” [45]. Sometimes this term is used more strictly to mé&asingle, device-independent
user interface description, which can be mapped to a goodretanUI for each feasible
target device®.

An interesting contribution for classifying and evalugtidifferent technologies for Ul
adaptation is the Cameleon reference framework [22]. Ihdahat a typical model-based
approach divides the Ul description to different layersludteaction. These layers are, start-
ing from the highest level of abstraction:

1. Task & Concepts describes the various tasks to be carried out and the canoept
quired by these tasks.

2. Abstract Ul defines presentation units by grouping subtasks accordiagrious cri-
teria. It also contains a navigation scheme between theptason. An abstract Ul is
independent of any modality of interaction.

3. Concrete Ul concretes an abstract Ul for a given context of use to defimgets
layout and interface navigation. It is still independenany computing platform.

1Braun, E., Hartl, A., Kangasharju, J. & Muhlhauser, M. (2D08ingle Authoring for Multi-Device In-
terfaces. Proceedings of the 8th ERCIM Workshop "User fateis For All* (28-29 June, Vienna). Retrieved
Nov, 2006, from http://uidall.ics.forth.gr/workshop20@ublications/adjunct-proceedings.html
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4. Final Ul is the operational Ul i.e., any Ul running on a particulartfglan either by
interpretation (e.g., through a web browser) or by exeouigog., after compilation of
code in an interactive development environment).

Figure 2.3 shows the different operations, which are pts$ietween the layers. First,
abstractionis an operation, which takes a lower abstraction level d@son and transforms
it to higher abstraction level description. Secorlfication is the opposite operation to
abstraction. The third operation tganslation which maintains the abstraction level, but
takes into account the context of use.

Context A Context B

[Tasks & Concepts }= ={Tas.ks & Concepts ]
A A

P

[ Abstract Ul }< Abstract Ul ]

Vo |

[ Concrete Ul }< Concrete Ul
| |

([ Finalul  J« Final UI

—¥~

¥

~¥—

A
l Reification i Abstraction <--» Translation

Figure 2.3: The different levels of abstraction and the apens between them and different
contexts of use [22].

2.6 General Evaluation Criteria

In order to evaluate different approaches to user interf@reeration, a set of general eval-
uation criteria needs to be defined. In previous researfflereint sets of criteria has been
proposed. The following list contains criteria based onstt@pe of this Thesis.

Myers has defined a good set of general criteria for useraaten tools [78]. Some
UIDL specific criteria can also be found in other papers [10&]. The following criteria is
extended from those papers.

Expressivity How much can be expressed with the tool, considering the doradrete user
interface. For instance, does it limit the interaction ety]108]. This basic criterion
does not take into account adaptation for different deviddgers calls thisCeiling
[80]. This criterion can be further divided based on the essgenarios in Section
2.2 to expressivity in ayYisual Presentationb) Interaction and c)Multimedia and
synchronization

Ease of learning How easy is it to start using the tool. This criterion depeadghe tar-
get authors, and should finally be empirically proven. Fstance, are authors only
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limited to programmers, or can they be graphical desigrereyen end users? One
can argue that this criterion is influenced by how well the toatches the developers
mental model of the task at hahdMyers has a similar criterion, calléthreshold
[80].

Ease of authoring How easy is it to author Uls with the tool. How much effort dagske
to maintain Uls based on this tool. This is calledse-of-use of tools [78].

Extensibility Can the tool be extended with new interactors and interastigles, or is it
limited to the currently available ones? Also called opessr{@08].

Authoring tool interoperability Some approaches make it almost impossible to create in-
teroperable authoring tools. For instance, procedurajnaraming code (e.g., EC-
MAScript, Java, or C++), generated by a graphical authoroag, is impossible to
read into another tool, because of lack of higher-level sgimw&[102]. This is often
circumvented by using higher-level descriptions, suctha3rome Gladg

2.7 Web-specific Evaluation Criteria

The above general criteria can be applied to any user iritenatool, but since this Thesis is
focused on web user interaction, the following set of webetfjr criteria is defined:

Latency Latency is the perceived slowness of the user interfaceencgtin web applica-
tions happens at multiple levels. First, when a new pagegsasgted from the server,
there is a latency, which depends on many factors (e.g., worle connectivity, size
of files, and number of simultaneous users) [72]. Seconentgtwithin a web-page
depends on the Ul description, UIDL, and the user agent. Asaml rule, the longer
the latency, the worse the user experience [10]. Myers ttai<riterionperformance
of resulting interface[78], although in here the network latency plays a biggeg.rol

Device independenceAdvances in hardware has enabled the building of efficiediclweap
computers that are disguised in many forms, such as mobiegshor car navigation
systems. Similarly, advances in wireless and wired comoatians technology have
permitted IP-based communication between those devidesseltrends have created
a need to provide device-independent access to the senAckeptationis a typical
means to achieve device independence. A subcriteripredictability, which mea-
sures whether or not there are unpredictable changes irsdranierface in different
devices. This is also called Portability [78].

Modality independence means that the user interface can be used in different inpdam
ities and output medias (such as visual and aural), and évke user interface was
not originally designed for those modalities.

2This was pointed out to me by Dr. Pablo Cesar in a late niglcudision in June 2006.
3Glade. UIDL and software library. Available dittp:/glade.gnome.orgiAccessed Nov 2006.
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Security The biggest difference between desktop and web appliGat®that web appli-
cations ardaistributedby nature. There are many architectural styles for distinigu
applications [44], but security threats are increasingiyimon, especially if financial,
personal, or otherwise confidential information is beirapmitted. Another impor-
tant property is non-repudiability, which is often requiia these usage scenarios.

Accessibility Several countries have enacted legislation, which requildic web applica-
tions to be accessible to people with disabilities {59]

Web integration In order for a new technology to be successful in the web,atisdo inte-
grate to the underlying technologies and protocols. Thézie¢o happen at many lev-
els: addressing (URL), transport (HTTP), syntax (XML), egfDOM), and styling
and layout (CSS). For instance, even though Java is supe&€MAScript in many
aspects, the latter has become dominant as a web user@etéota, since it integrates

better to the web model [44]. Of course, for a good reasonglantdogy can deviate
from these.

Ease of implementation Since the web is used by browsers running in various end-user
devices, it is important that the languages are as easy aghf@® implement. For
instance, dynamic vector graphics support in browsers (S¥Gtill in its infancy,
since the implementation is rather difficult.

4W3C WAI Policies, Available ahttp://www.w3.org/WAI/Policy/Accessed Nov 2006.
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3 EVALUATION OF USER INTERFACE TOOLS

This chapter evaluates the most relevant Ul tools for webingegraction based on the criteria
developed in the previous section.

3.1 Procedural Ul Tools

The research in this Thesis is in part based on the researcsennterface tools, which
dates back many decades. Many research systems in the , 1966isas NLS [36], had the
idea of displaying multiple windows at the same time. Oygplag windows were proposed
by Alan Kay in 1969 in his PhD Thesis [61]. Later he used therhi;mSmalltalk system.
Many commercial systems picked up the idea, and now a winupwystem is the mostly
used user interface model. The major operating systemsOBatinux, and Windows, all
have their own windowing system, but all of them offer sim#arvices for the application
developer, and similar user experience for the user.

A windowing system can be divided into three basic compa)ahNindowing system,
Toolkit, and Higher level Tool&f. Figure 2.2).The windowing systelfe.g., X Windows)
controls and monitors graphical contexts and separatesitite different, possibly overlap-
ping, regions (i.e., windows)The toolkitis a set of widgets (e.g., buttons, menus, etc) that
can be used by application programs. The main advantagatissing the standard widgets
provided by the toolkit, the user experience is equal betmaitferent applications. The
toolkit usually also provides layout functionality, thésee simplifying the implementation
of applications for varying sizes of windows and displaysialty, Higher-Level toolscome
in different flavors, some examples include event, dedilargand constraint languages [79].

The user can interact at different levels of the system. kstance, she can change the
size and position of a window (Windowing system level) ockla button (Toolkit level).
The toolkit has the following responsibilities [24]:

¢ Interaction: to handle user input.

e Canvas Operations:the actual rendering region, canvas [83], and graphicsi{ivas
such as rectangle or triangle.

e Set of Widgets: predefined user interface elements (e.g., Button, Text ¥ield

e Graphical Layout: to control the location of the widgets.

There is one procedural approach, which is in widespreadnue web, namely Java
Applets.
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Java Applets

The most well known web Ul framework, which uses the toolkip@ach, isJlava Applets
Java Applets allow a secure way of deploying complex apptindJIs, which are written in
the object oriented Java language. From the layers of tlesickd architecture (cf. Figure
2.2), Java Applets offer the full Toolkit services and somi@d@wing System services (for
instance, Applets can open new windows). According to kgldJava Applets have not
succeeded at least partly because they do not fit the depidymadel of web technology,
and have relatively bad ease-of-learning [44]. The benkfipplets is that the development
language is relatively advanced, allowing good moduléinzaand re-use, a theme especially
important for complex user interfaces. Also, a single laggican be used in the client
as well as the server. The drawbacks are performance, dedependence, and ease of
learning, which are worse compared to the declarative aujes.

Java Based Web Toolkits
A recent approach to web Ul tools are the Java Based Web Teolkite main idea is that
the whole user interface is developed in Java, without dgtuaing web technologies. The
server-side component then transcodes the user interfee®HTML or Ajax, which can
be run in a normal browser without a Java virtual machine.

Two examples of this approach are Google Web Toolkit (G¥\and the open-source
Echo2 framework The Google Web Toolkit even allows the client side code taurein
a debugger, thus making development easier. Thereforeohtst benefits and drawbacks
of Java Applets apply to this approach. Compared to Java Aqhes approach has better
web integration, since the client-side code runs in a nowedl browser.

3.2 Declarative Ul Tools

Authoring Uls with toolkits and procedural languages isegtable, even beneficial, in the
case where the computing ecosystem is homogeneous andadigpis not distributed, but
this will not be the case in the future, where multitude ofaté#nt devices are being uti-
lized to access the web applications. This has shifted thesfof user interaction research
from toolkits and components towards declarative langsiagibere it is easier to raise the
semantic level and allow adaptation to different device$ @ntexts. The basic difference
between procedural and declarative languages is that wieeeglural languages tell how to
do things, declarative languages try to capture the ideéhat ¥o do.

Schmitz has studied multimedia description languagespamdes three main reasons
why declarative languages should be preferred insteadookplural languages [102]:

Authors are not programmers Bulk of current web authors are not programmers, and if a

1Google Web Toolkit. Software. Available dittp:/code.google.com/webtoolkificcessed Nov 2006.
2NextApp Echo2 Java Web Toolkit. Software. Availableltp://www.nextapp.com/platform/echo2/echo/
Accessed Nov 2006.
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Table 3.1: Comparison Between W3C Recommendations.

XHTML SVG SMIL CSS XForms
Multimedia Objects
Video <object> - <video> - —
Audio <object> <audio> <audio> - -
Text Yes Yes <text> - -
Images
Bitmap <object> <image- <img> Background -
Vector <object> Yes <img> - -
Visual Style - Yes - Yes -
Object  Arrange-
ment
Spatial Flow Absolute Flow and abs. -
Temporal - - Yes - -
Animation - Yes Yes - -
User Interface State
Language - - - - Yes
Scripting Yes Yes - - Yes
Submission Forms - - - Yes
Interaction
Presenting Yes Yes Yes - Yes
Scrolling Provided by User Agent
Links <a> <a> <a> - Yes
Higher Forms - - - Yes

description languages would require programmers, thetargdience would be much

smaller.

Authoring tools interoperability It is nearly impossible to create interoperable visual au-
thoring tools for non-declarative languages.

Adoption in marketplace Without a standard, declarative solution, the authorindg @urb-
lishing environment becomes fragmented, which ultimatelyts the adoption and
advancement of technology. While not a technical requirgntais is an important

point-of-view.

Almost all current declarative Ul languages are XML-basa@n though there is a long
tradition of pre-XML languages (cf. e.g., [47, 51]). XML wasiginally defined by W3C,
which is still the authoritative body for web standards. ®oxML-based W3C recommen-
dations are compared by the Author and Dr. Pablo Cesar in Babld he comparison shows
that, currently, W3C is defining languages intended for $pguurposes: eXtensible Hyper-
text Markup Language (XHTML) for document structure, SV@ ¥ector graphics, SMIL
for timing, Cascading Style Sheets (CSS) for visual style,>dfdrms for user interaction.
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User Interface Description Languages

Since the advent of XML, there have been an ongoing "race" fioeléhe ultimate XML-
based UIDL, which would ideally capture the essence of whiatduild be [109]. This
Chapter tries to summarize the main approaches that havebgeosed in the literature.

Puerta and Eisenstein propose a UIDL calétensible Interface Markup Language
(XIML) [95], based on MIMIC [94]. It's requirements include cehtrepository of data,
comprehensive lifecycle support, abstract and concremeaits, and relational support.
XIML supports modeling the Ul at very abstract level, whene Task, Domain, and the
User of the Ul is modeled. On the lower level, it supports niodethe Dialog and the Pre-
sentation. XIML separates the data from the presentatidh &wg@ossible problem is that it
does not support third party extensions, or synchroninaifdhe Ul state (e.g., submission)
[112].

Universal Remote Console (URB) the V2 Technical Committee of INCITHs a UIDL
targeted at the scenario of an universal remote contrdl&8,[119]. Although it naturally
fits this scenario perfectly, it is unclear whether it coudddxtended to other usages as well.
For instance, the run-time data model is quite limited.

Abrams et al. have proposed a language cadllser Interface Markup Language (UIML)
[2]. Itis one of the earliest XML-based proposals, and theent version is 3.0 [1]. UIML’s
design goals include separation of Ul code from non-Ul caddge targeted author-base,
rapid prototyping, extensibility, security, usabilityy tontrast to its design goals, it has been
said that it does not allow the creation of user interfacegsie different languages or for
different devices from a single description [109]. Alsdais been criticized of not separating
user interface elements from their presentation and lgckimexplicit data model [112].

Renderer IndependentMarkup Language (RIML) is a proposahéarporating existing
XML-based declarative languages (XHTML, XForms, and SMhtp a profile, which has
additional mark-up for pagination and layout for small e [116]. The method falls in the
Unique portable codégeneric clienttategory (cf. Section 2.5). It is also a single-authoring
method with author defined rules for adaptation [105].

USer Interface eXtensible Markup Language (UsiXML) is a eddohsed approach for
authoring context-sensitive adaptive user interfaceg [B®as similar goals as XIML, and
addresses all the layers of the Camelon reference framewbr&éction 2.5). In contrast to
many other approaches, in UsiXML, the developer can stard#dsign work at any level of
abstraction, which is considered its biggest strength][105

(X)HTML

The termHypertextwas created by Ted Nelson in 1965 [81]. Few research systems i
the 1960’s already had some hypertext features [36, 80, Bdjvever, hypertext became
widespread when the WWW was created by Berners-Lee in 1990 [80h@ original pro-
posal for WWW included HyperText Markup Language (HTML) as tbemat to encode

3The V2 Technical Committee of INCITS. Available lattp://www.incits.org/tc_home/v2.htrmAccessed
Nov 2006.

20 WEB USER INTERACTION - A DECLARATIVE APPROACH BASED ON XFORMS



content and links. HTML is a abstract document descriptianrgnar defined using Stan-
dardized General Markup Language (SGML).

Nowadays, XHTML [90], which is based on XML, is starting tglace HTML [96] as
the document description format, but the underlying id@aaies the same: simple markup,
which can be handwritten, describes the structure, layand, the content of web pages.
This has made the WWW'sase of learninggood for both the users and the authors of
WWW, while still providing decenexpressivityhow powerful is the tool), in the form of
multimedia capabilities, layout, and interactivity. Timaractivity in WWW is provided by
links and HTML forms. HTML forms is a limited set of form coots or widgets, combined
with a submission protocol, allowing the browser to sendfilfed contents of the form to
the server, using a simple name-value pair mapping.

As depicted in Figure 3.1, most of the interaction in the ioaHTML model is done in
the server. The client is quite thin; the only interactiomkich are executed in the client are:
scrolling, activating links, submission, and filling in gfe form controls. Even a simple
date validation is done at the server. The server works bgrg¢éing a new HTML page for
each user interaction, and there is no state in the cliemtdset the pages [44]. The problem
in this approach is the low interactivity and high latenagce all Ul logic is executed at the
server.

Client 1..N SYNC Server

HTML

HTML+CSS

Page 1

.

== CGI-BIN/ Servlet
HTML+CSS Interpret interaction
Validate Interaction
Generate Next Page

aiBo 1N

Page 2

91607 uonesijddy

\ o/

HTML+CSS

Page 3...N

il

Time U

Figure 3.1: HTML interaction model

XForms
The XForms language, which is a W3C Recommendation [31], s@deene of the prob-
lems found in the HTML forms by separating the purpose fromgresentation and using
declarative markup to describe the most common operatiofem-based applications. It
is actually a device and modality-independent UIDL, whistbased on earlier form tech-
nologies, such as XFDL [12, 18] and XFA [74].

XForms separates the form into three main layers: Modetaht®, and User Interface
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Submission

Instance
Data

Figure 3.2: The XForms layers.

(cf. Figure 3.2).

Instance An arbitrary XML document that is modified by client side uggeraction, then
submitted to a server.

Model Uses XML to define the constraints on items of the instancechwvimcludes data
types and ranges as well as computational relationships.

User Interface Defines how the form is presented and expresses bindingstnire items.
User input is governed by rules in the model for the instatem ibeing modified
(through a bound input control). This layer also includeseraxlvanced functionality,
such as repeating constructs, and dynamic Ul bindings,iwtan be used to realize
more complex Ul patterns.

The Model layer includes théML Schemand theModel Item PropertiesThe structure
and the data types of the instance data can be defined usisgitba, but it's use is optional
to the Ul author (Dubinko shows that some datatypes are nsmiiLthan others in XForms
[29]). The Model Item Properties (MIP) are dynamic constigiwritten in XPath. They
can reference other values in the instance data and are ayaibrevaluated by the XForms
Processor. With MIPs, it is possible to define dynamic caltoihs and cross-value checks,
which are not possible with XML Schema. The evaluation madéWlIPs, which involves
automatically determining the calculation order [P3],imikar to that of spreadsheets [17].

Compared to HTML, a lot of the user interface processing isstiexrred to the client in
XForms. This frees bandwith and improves the user expegieAdditionally, the applica-
tion data is separated from the user interface, which helpsitd modular software, which
is easier to maintain. The XForms interaction model cleaapyarates the user interface logic
from the application logic, as depicted in Figure 3.3. Theddic is described declaratively,
and to obtain optimal usability and network-traffic, the Ogic can be completely executed
at client by an XForms processor. The XForms language altovgpecify asynchronous
communications with the server, and while the asynchronegisest is being processed, the
rest of the user interface remains responsive.
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Figure 3.3: XForms interaction model

Ul Bindings in XForms allow dynamic dependencies in the bigdexpressions. For
example, consider the Ul binding in the following simplifiedample:

1. <selectl ref="/ui/curr’ /> (nmaster)
2: <input ref="person[@d="/ui/curr’]/birth /> (detail)

The input control in line 2 is bound to a person’s birthday,the predicate adds another
feature: the selectl control in line 1 determines, whictspes birthday will be edited at
given time. This allows easy creation of so-called masetaiti user interfaces, where a
master selection shows the item titles, and selecting am ieyeals its details, which can
then be edited. The process of changing the currently boumebdle is calledewiring, and
it happens automatically when processing the xforms-safevent.

Because of the quite heavy dependencies on XML processiigg saeh as XML Schema
and XPath, XForms may be difficult to implement in a restdctievice, such as a smart-
phone. To overcome this problem, W3C has specified a smaléitepof the language,
called XForms Basic [30], which does not include full Scherapatilities.

The XForms 1.0. Second Edition [41] is a specification thadithe errors found in
the first edition and adds support for more flexible partiplaesement of instance data. The
XForms 1.1 Working Draft [40] is the next major version of tkEBorms language. It adds,
among others, new XPath extension functions, support foripoéating structures, condi-
tional actions, iterations, non-textual media output, betler SOAP integration.

There are different deployment options for XForms. Thesealascribed in the following

list;

1. Native browser support. If the user agent supports XForms natively, the XHTML +
XForms Ul descriptions, along with possible XML schemas, sgrved as static doc-
uments to the user agent. The instance data can be dynangeakrated at the server
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and serialized as XML. Similarly, submissions from the ugsgent are received as
XML by the application. An example of such approach is X-&siP1].

Pros: Very low Ul latency. Simple server deployment. The browsehe only trusted
component. Low bandwith consumption

Cons Currently only supported in some experimental user agents.

2. Browser plugin. If the browser has a rich plugin interface, it is possible toldbthe
XForms client as a browser plugin. An example of such plugiioimsPlayet, which
utilizes the behaviors API of Internet Explorer. The MaaiKForms implementation
falls into this category as well. After the installation bkt plugin is done once, the
application can proceed as in option 1.

Pros: Very low Ul latency. Simple server deployment. Low bandwibnsumption.
Cons Only supported in some user agents. Have to trust plugidaen

3. AJAX implementation. Since all mainstream browsers support AJAX, it is possible t
create a full-blown XForms implementation in AJAX. This wiys possible to run
client-side XForms interactions without installing anyé#tbnal software in the client.
The application can proceed as in option 1 by adding a reteremthe AJAX library
to each Ul description. This approach is demonstrated bgplke-source FormFaces
processor.

Pros: Simple server deployment. The browser is the only trustedponent.
Cons From low to higher Ul latency. Have to transfer the XFornsdry along with
the Ul description (higher bandwith consumption).

4. Server-side transformation. XForms+XHTML Ul descriptions are transformed into plain
XHTML or DHTML by a server-side process. The submissionsloanione, e.g., by
AJAX or using HTML forms submissions and transforming thertoiXML in the
server. This deployment option allows XForms to be usedoutlinstallation of spe-
cial plugins in user agents even without ECMAScript suppohis approach is used
in the open-source Chiband AJAXForm$ processors.

Pros: The browser is the only trusted component.
Cons From low to higher Ul latency. Complicated server deploymeétigher band-
width consumption.

3.3 Hybrid Ul Tools

Hybrid Ul tools is a category of languages, which have progeboth from the declara-
tive and procedural tools. The hybrid tools usually comtandeclarative language with a

4xPort FormsPlayer, Software, availablenétp://www.formsplayer.comAccessed Nov 2006.
SFormFaces, Progeny Systems, Software, availatiéat/www.formfaces.comAccessed Nov 2006.
6Chiba, Software, available http://chiba.sourceforge.netAccessed Nov 2006.

AJAXForms, Open Source Software, availablétip://ajaxforms.sourceforge.ngficcessed Nov 2006.
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procedural scripting language, such as ECMASEript

DHTML

Since the HTML interaction model has problems related tbilisaand scalability, a more
advanced model has been created. This model is cBN@dmic HTML It contains three
main components: declarative description with (X)HTML + C8ferface for dynamically
modifying the document (DOM Level 2 Core and Events) [37, 881 procedural scripting
(ECMAScript) [33]. This model (cf. Figure 3.4) allows to exsge user interaction logic
at the client. This is extremely important for lowering tlaency, since there can be large
amount of clients using the application simultaneouslevéry interaction, such as valida-
tion of an input, or filtering a view has to be implemented ia #erver side, usability and
scalability will suffer. Currently, DHTML is implemented @l major browsers.

|
Client 1..N SYNC Server

HTTP

......... CGI-BIN/ Servlet

......... < |HTML+CSS

Re-Validate Interaction
--------- Generate Next Page

Application Logic

ECMAScript

Validation -
Library

Figure 3.4: DHTML interaction model

WhatWG Web Forms 2.0

There is another proposal, called Web Form$ 2@ extending HTML forms by the indus-
try working group WhatW@G. It extends DHTML forms by adding lzadata types, client-
side validation, and a repetition model. Web forms does agéela data model, nor it sep-
arates the data from the presentation. The main benefitsDi&ML are better ease-of-
authoring, and increased accessibility and device and hipdtedependence (because of
added semantic information in the form of datatypes anddridgvel constructs).

8In this Thesis the terrECMAScript is used as a synonym for JavaScript, which is the commeraraken
for the scripting language.

Web Forms 2.0, WhatWG Working Draft, 12 October 2006. Ava#abbnline at:
http://lwww.whatwg.org/specs/web-forms/current-wolAdcessed Nov 2006.
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The main approach of Web Forms 2.0 has been to take the XFamusrements and
fullfill them in a way, which integrates easily to DHTML. Theamn differences to XForms
is the lack of structured data model and the heavy reliangedoedural scripting, while
XPath is used in XForms.

At the time of writing, Web Forms is supported by Opera 9.0 andcECMAScript im-
plementation, which works in Internet Exploter

AJAX

Recently, an even more interactive model has been takensetolinis model is called Asyn-
chronous JavaScript and XML (AJAX) [49], and it extends tHéTIML model. In addition
to (X)HTML, CSS, DOM, and ECMAScript, it uses an XMLHTTPRequ&siMAScript
object, which enables asynchronous, behind-the-scemék,sxibmissions over HTTP [89].
Asynchronous submissions fix the interaction problem of T by allowing the user to
continue interaction while a submission to the server iagpprocessed.

Compared to DHTML, it is possible to create lower latency Ulwith AJAX, since
the Ul remains responsive while partial submissions anegoeiade. Typically an AJAX ap-
plication uses libraries, written in ECMASCcript, to handlpital tasks, such as serialization,
deserialization, submission, validation, and interactimtegration between the declarative
XHTML and the libraries is handled through DOM Events and ECB34Apt handlers.

Compared to an declarative UIDL, such as XForms, the maini@nubin AJAX are
similar to those of DHTML.: lack of semantics in the model, lplems in accessibility, main-
tenance, and ease of authoring. All of the interaction amdneonications logic is written in
procedural scripting language, which is harder to stdicatalyze or adapt automatically,
compared to the declarative approaches. Other problemsdmdimitations of the basic
ECMAScript language, browser incompatibilities; and a la€kool support for designing,
developing, and debugging this new breed of web applicdliomn].

Currently, AJAX is implemented, at least to some extent, irshaod the major browsers,
and examples AJAX applications are Google Sugdesind Google Map$. For instance,
Google Suggest is an interface to a web search engine, whgdests search terms inter-
actively with each keypress. This is done by sending asymdus HTTP requests to the
server for possible suggestions.

For all these models (i.e., HTML, DHTML, and AJAX), there sixmany tools, which
can be used at the server side, including JSP, ASP, SeraletsStruts. One problem is
that the applications become a mixture of markup languagdiesit-side scripting code and
server-side function calls, making them harder to mair2®.

Oweb Forms 2.0, Software. Available online https://sourceforge.net/projects/wi2iccessed Nov 2006.

1Google Suggest. Application. Available onlinehdtp://www.google.com/webhp?completeiccessed
Nov 2006.

12Google Maps. Application. Available online lattp://maps.google.comAccessed Nov 2006.
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Figure 3.5: AJAX interaction model.

XUL

Hyatt et al. have developed a Ul description language caMd User Interface Language
(XUL) [34]. XUL is targeted for desktop use, and it includes nagiaf windows, panels,
dialogs, along with all the typical desktop widgets. XULeifsdoes not have an data model,
validation, or calculation facilities, but it is typicallysed in conjugation with XBL [58] and
ECMAScript [33] to provide these.

XUL was designed for defining the user interface of Mozilla {etscape) browser.
Compared to more generic UIDLs, such as XForms, device andlipthdependence is
therefore worse. Also, the user interface logic has to bgraramed using a scripting lan-
guage. Maybe the biggest difference is the communicatitwd®n the user interface and
the back-end system. For the communication, the user aaterftate has to be serialized,
similar to AJAX, for transmission. Conversely, after gegtserialized reply from the server,
it has to be deserialized into application state. In XForha serialization is automatic,
since the datamodel is a live XML document object model, Wiscautomatically serialized
and de-serialized. On the other hand, in XUL there is no eipgdatamodel, and commu-
nication between a backend process and the user interfaegdae reimplemented using
ECMAScript for each user interface. This means, that easabforing in XUL is worse
compared to XForms. It is noteworthy that XUL has a templateshanism, which allows
to use RDF as the datamodel to some extent, although RDF is momglicated than XML
(graph vs. tree). Using XBL [58] with XUL allows the use of nésted XML datamodels
[P8].
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Other Hybrid Tools

Finally, there is currently a lot of effort put into XML-badedesktop GUI technologies,
including Gladé?, Netscape XUL [34] and Microsoft XAML [100]. On the other fthrin-
foPath [55], addresses the office application space. Thesdap Ul languages are typically
combined with a procedural language for Ul logic implemé&atg thus falling to the hybrid
Ul tool category.

3.4 Comparison of Approaches

As described in the earlier Sections, the reviewed Ul toalsifito three categories (i.e.,
procedural, hybrid, declarative). Also, some tools arévddrfrom others, such as DHTML,
which is derived from HTML by adding scripting. This is def@d in Figure 3.6. The main
difference between the categories is the semantic levakhais typically highest in the
declarative tools, and lowest in the procedural tools.

Procedurall HybridI Declarative I

I ECMA I .

Java Script XML ""'~'~'~'.'.',I,'j .......................
R XHTMLI XFormsI UIDLs I

Appletsl S

Figure 3.6: The relationship between the compared Ul tools.

Souchon and Vanderdonckt have conducted a review of XMledh&HDLs [109]. The
compared languages, were UIML [1], XIML [95], AUIML [5], Seeoa XML [70], AAIML
/ URC [118, 119], Teresa XML [88], WSXL [3], XUL [34], XISL [60]and Tadeus-XML
[77]. The conclusion in that paper is that the (multitargepressivity differs a lot, XIML
having the highest and UIML the lowest. Also, XIML is extehtiy the downside being
the license that is needed in order to utilize it, while mdsthe other languages can be
used freely. Also, XUL and other lower-level languages Haatter implementation support.
XUL is not considered a “genuine and complete” UIDL, and $asd that it only addresses
“some requirements for supporting multiple platforms”$1.0

13Glade. UIDL and software library. Available dittp://glade.gnome.org/Accessed Nov 2006.
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Trewin et al. have also reviewed XML-based UIDLs from thempaif view of device
independence (or universal access). Their review includbi. [1], XIML [95], XForms
[43], and URC [118, 119]. They conclude that XForms and URC ligg requirements best
from the reviewed languages [112], while the others fail iffedent ways. They compare
languages in terms of applicability to any target, deliveontext, personalization, extensi-
bility, and simplicity. Most of their work is applicable toet context, as well.

Simon et al. conclude that XForms is similar than their eantesearch results [105]
on multimodal UIDL. They claim that this validates XForms foultimodal usage. Also,
the use of XForms as the UIDL can simplify web applicationelepment, since instead of
generating HTML markup and embedded client-side scrigtirserver side program, it is
possible to use purely declarative XHTML+XForms descoptof the user interface, thus
separating the client and server-side concerns [23].

The reviewed tools areompared against the proposed criteria in Table 3.2. In that
table the following items contain ECMAScript in central roleus belonging to thaybrid
group: DHTML, Web Forms, Ajax, XUL, SVG, Ajax+SVG+WebFor9. Java Applets
and Java web toolkits belong to tpeoceduraland the rest to thdeclarativegroup. Note
that the table is based on the Author’s current knowledgéherstate of the art, and is thus
somewhat subjective.

Few trends are noticeable from the table; expressivity amdatency are highest in the
procedural category, and lowest in the declarative cayjedon the other hand, device- and
modality- independence are higher in the declarative cayegamely in XForms. This is
in line with the findings of Simon et al [105]. It is evident frothe table that not a single
language fullfills all criteria well. Other UIDLs, such asi¥bL, XIML and UIDL, are not
compared in this table, since they are reviewed in liteeafli@9, 105]. The strength of some
of these UIDLs, such as UsiXML, is that they have layers thath higher semantic levels,
such as Tasks & Concepts (cf. Section 2.5). On the other haed,use may require a dif-
ferent skill-set, compared to a typical programmer or welauthor, or sophisticated (often
missing) tools, and they have not yet proven themselvesdautise research community.

In this Thesis, XForms was chosen as the basis for user ati@nadescription. The
main technical reasons were the requirements for XFormagpat device independence,
ease-of-authoring, and higher-level Ul definitions, wlst#l being expressive enough for
rich internet applications [112, 105, 23]. Other reasonsewelated to the fact that W3C
was defining XForms, thus assuring the quality, interopétgband the widest audience,
and that the Author was participating the specification wawlan invited expert, thus being
able to affect the development of some key features.

Based on the Table 3.2, it can be claimed that a combinatiogeod, VG, and WhatWG
Web Forms 2.0 could be almost as good solution based on tlegi@riThere would still be
some drawbacks since Web Forms 2.0 does not provide trasiemisf end-to-end structured
data and declarative interdependencies of data and the view
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Table 3.2: Comparison of the tools reviewed in this Thesis.pygneell means less than
average, '+’ means average, and '++ means better thangeetaThese include procedural
component (ECMAScript or Java) in central role.

General Criteria Web Specific
Expressivity Authoring
5 m m|m|>»| QO - >l |m
< 2|28 |X|E|F|5]|¢ (% Q|| o
7 ® = | » 7] = | = | < a | = 0 e} (7
c|lg|ZT|o o |98 3lalel = Slo | |0
I o3 |lolol|lal|ls|o || |58 |Z]|o
= D = = = — — = | < =h
o (=l | o | E|F|l 23|05 |F
7] - | = S | < (o) ) o | < o |[< T
@ =) O | © [©) = )
> ®|5]8 =2 |3 5
= o Q@ Tlo |3 S
o 0 = S oy a
-] 3 (@] ) g o
Tool ) TS0 |3 o
: @ =}
Applets®) | ++ | ++ | + ++ ++ ++
WebTK *)| ++ | ++ | + + | ++ ++ | +
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Web + | ++ | + + + | ++ | + + ++ | ++ | +
Forms™)
Ajax®) + [ ++ | + ++ + ++ | ++ + +
XUL*) + | ++ + ++ + +
SVG*) | ++ | + + + + ++ | + + +
AjaxSVG | ++ | ++ | ++ ++ | + + + | | | |+ +
WForms*)
XHTML + ++ | ++ ++ | + + ++ + | ++
SMIL + ++ | ++ | ++ ++ | + + + + + + | ++
XForms | + | ++ + | ++ 4+ |+ |+ | | | |+ +
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4 PROPOSED MODEL FOR NEXT-GENERATION WEB
INTERACTION

This Section describes the high-level contributions of thinesis; the proposed model for
next-generation web interaction. It can be applied regasdbf specific device, operating
system, or user agent implementation. ImplementatiociBpeesults are described later in
Chapter 5. For each topic, requirements are presented fdldy the proposed solutions.

In order to fullfill the current demands (c.f. Chapter 1), andrtake sure that future
demands can be addressed as well, the model is layered aanbiéke. It is divided into
modality-independent and modality-specific parts (cfulFégd.1). The modality-independent
part includes a data model, and abstract Ul layers. The ntpdglecific part contains
stylesheets, timing, and custom controls. The arrows irFibare denote the direction of
dependency (e.g., stylesheets are dependent on the ahsttager). The details of these
layers are provided in the following Sections in this Chapter

Timing Stylesheets ) =
(M) Timesheets) | |©59) [~ aural | [Visual 8
E
(Custom Controls h >-cgb
o
(oxBL) [ Aural (VoiceXML) ] (Visual (XHTML+SVG)] ) 5

* _

p \ ™
Abstract Ul [ Media ][ Grouping ] §
)
(XHTML+XForms) [Abstract Form Controls] Z
9 % s
v 2
(Data Model h 3
[Submission][ Constraints g
(XForms) ) @
[ Signature ] [ Instance Data / =

.

Figure 4.1: The Proposed Layered Model.

4.1 User Interaction with XForms

Next-generation web applications will require much higlesel of user interaction com-
pared to the current ones. Therefore interaction has beeriottal point of this work.

The most comprehensive requirements for abstract Ul reptason have been derived
by Trewin et al. [112], based on the work of Nichols et al. [&2jd Zimmerman et al.
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[117, 118]. These are used as the basis for the set of reqemtsrfor user interaction. The
publication [P8] extended these requirements, taking actmunt the application scenarios
(c.f., Section 2.2), and these are extended even further her

Requirements User Interaction

1. Layer separation

(a) Separation of interface elements from presentafidr?]. Allows easy re-use and
replacement of different parts.

2. Interface elementd 12]

(a) Dependencies between elemetitsaust be possible to declare that the state of a
user interface element is dependent on the state of andédmeest.

(b) Applicable to any targetThe Ul definition must be interpretable on any target
device.

(c) Data types The data items should be typed, so that it possible to geneoa-
crete Ul for any context of use.

3. Presentation related informatigi12]

(a) Logical groupings Instead of graphical layout, logical groupings should & p
ferred, allowing for adaptation based on the target andextnt

(b) Labels and help text.abels and help texts should be easily replaceable farinte
nationalization and adaptation.

(c) Presentation replacementhe entire presentation, or parts of it must be possible
to replace in order to support personalization and adaptati

4. Run time and remote control

(a) State representatiojil12]. The user interface state should be explicitly avdda

(b) Local computatiorjl12]. Client-side computations should be possible to be rep
resented by the Ul definition.

(c) Synchronizationlt must be possible to synchronize the user interface stte b
tween the client and an external process. In web contex typically means
client-side submission, but other type of communicatiothoés should not be
ruled out [P8].

5. Typical interaction patterns Typical interaction patterns or idioms should be sup-
ported by the UIDL (extended from [P8]). Note that most ofsthgatterns require
dynamic Ul, either by modifying the dialog flow or by changitig underlying bind-
ing of the model and view parts. This list of conceptual Ultgats is by no means
exhaustive, but should be representative consideringdbease scenarios in Section
2.2.
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(a) Typical interactors Must support current set of user interface interactorshsu
as selections (one or many) from a list, text input, triggets.

(b) Master-detail A type of Ul where a list of items, and details of the selectech
are shown [76].

(c) Paging and dialogsMust be possible to split the form into multiple pages, whil
retaining dependencies. Different kinds of paging repreg®ns should be al-
lowed, such as wizards and tabbed panes.

(d) Repeating constructdNavigating and editing repeating data sets. These sets can
be represented e.g., as dynamic tables.

(e) Nested constructdNavigating and editing nested data sets.
(f) Copy-pasteCopying a data item from one part of the Ul to another part.
(9) Undo-redo Undoing and redoing the last actions.

(h) Drag-and-drop Interactively moving a piece of information from one plaxfe
the Ul to another.

(i) Context menusShowing and letting the user select actions that are sgpédo
the selected object.

() Filtering. Provide the user a mechanism to filter a large dataset. Wdhaluser
is able to make a choice among the reduced dataset [76].

XForms [31] is proposed as the language for user interactiased on the reasons ex-
plained in Section 3.4. The Table 4.1 summarizes how XFomhdsesses the requirements
1-4. Further explanations are provided in the followingy lis

e Separation of interface elementSeparation of Ul data and presentation is supported
well, also the re-use of data models in different presematis supported [112]. The
XForms model is a pure data model without any presentatiorasécs.

¢ Interface elementsThe data model is sophisticated, includes data constrantsis
exposed explicitly. It is modality-independent, as wekleluse of declarative expres-
sions improves to quality of generated user interfaces][1Mte that Trewin et al.,
seem to have misinterpreted XForms to allow XPath functtoreall scripts, while in
reality this is not supported. In order to describe depeadsrbetween data items in
the model, a calculation engine is specified [P3].

e Presentation informationXForms Ul provides abstract presentation widgets, along
with semantic elements to include labels and help messades [Note that Trewin et
al., claim that replacing labels defined in instance dataavaquire greater flexibility,
although in reality, all that is needed is to replace a siegternally referenced XML
instance document.
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¢ Run time and remote control in XForm@ne way (client-initiated) synchronization is
supported through submission, while target-initiategl (server side) synchronization
is not supported [112].

Table 4.1: Solutions for interaction requirements.
Requirement Solution

la) Separation of XForms 1.0. The model separates the form data from the presentation of
interface the form.

2a) Dependencies | XForms 1.0.
Interface elements are bound to the model Withbindings, and can have
dependencies through theodel.

2b) Any target The abstraction levelin XForms is high: it is possible to interact with the
Ul in different target devices, and even with voice (cf. Publication JP8]
2c) Data types. XForms fully supportsXML Schema datatypes and form controls are

adapted to the underlying datatype.

3a) Logical group-| XForms 1.0.
ings. Thegroup, case andrepeatelements group together interactors.

3b) Labels and help The elementsabel, hint, alert andhelp can provide multilingual help text
text. for different situations.

3c) Presentation req CSS, Relevant MIRP, andGroups provide different ways to replace parts pf
placement the representation.

[72)

4a) State represenr XForms 1.0.
tation. The instance datacaptures the current state of the form. It can easily be
submitted and later restarted.

4b) Local computaq XPath statements iMIPs in bind element is used to provide local compu-
tion. tation between the items in the instance data.

4c) Synchronization Thesubmissionelement provides the rules to submit the Instance data/to a
back-end process.

The Table 4.2 lists the solutions to ttypical interaction patternsequirements. XForms
provides a list otypical interactors including triggers, selection lists, and input. These in-
teractors are datatype-aware, which means that an imptati@nshould support at least the
XML Schema basic datatypes, including e.g., date and tirherd’is two ways of extending
this set of available interactors: First, implementatipedfic interactors for specific new
datatypes can be supported. Second, this Thesis proposiss t&BL for author-defined
interactors (cf. Section 4.5).

XForms has been designed so that it allows dynamic interagiatterns locally, in ad-
dition to the static forms, which are typically supportedfDLs. Paging and dialogss
provided by switch-case construct [RFRgpeating constructare provided by the repeat
element [RP2], which allows building any repetitive view paged by the host language
(e.g., CSS tablesMaster-detail,and similar dynamic patterns are provided by dynamic Ul
bindings, which mean that the binding between the model hadJ part can change run-
time. Also, the MIPs provide a way to make items disabledd+ealy, or disappear based
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Figure 4.2: An example of the tree module usage [P8] to peowhster-detail form for
editing structured data. The dynamic interaction is hashdtmpletely locally.

on user selections. For instance, an OK trigger can be éetivar deactivated based on a
previous value selected by the user through the use of teearst MIP.

It is noteworthy that XForms allows editing and displayirgpeating collections, but
the nesting level has to be specified by the Ul author. Indefindeepnested constructs
are not supported. This is a serious drawback in many usenfaces. Typically a nested
structure is presented as a foldable tree widget in a grapbit Therefore an extension
to XForms is proposed by the Author in the Publication [P8jich extends XForms 1.0
specification with a tree module containing a new modditems:treeand a corresponding
XPath extension functionodeindex For example, the extension allows easy authoring of
master-detail Uls where the master is a recursive structumedefinite depth (similar to a
file system explorer).

As a summary, XForms fits most requirements well, exceptHerttvo-way synchro-
nization, and some typical interaction patterns. For dgrag-drop, an event-based solution,
similar to what What WG Web Applications Working Drafproposes, should be added
to XForms. Context menus have several proposals in the W3C ¥orws mailing lisg,
and one of them should be picked up. In the web context, twpsyachronization is not
supported by the underlying transport (HTTP). In some usesat is emulated using asyn-
chronous polling. For instance, Gmailses AJAX HTTP polling to check for new incoming
chat and email messages. Polling requires asynchronou® iHguests, which are also sup-

IWhatWG Web Applications 1.0 Working Draft 26 November 2006. alable at:
http://whatwg.org/specs/web-apps/current-wokécessed Nov 2006.

2www-forms, W3C mailing list. Archive available altittp:/lists.w3.org/Archives/Public/www-formeXc-
cessed Nov 2006.

3Gmail, Web application. Available ttp://www.gmail.com/Accessed Nov 2006.
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Table 4.2: Solutions for typical interaction patterns lieguments.

Requirement

Solution

5a) Typical interac-
tors

XForms 1.0 - input, output, trigger, selectl, select, secret, téarea, up-
load, range, submit.

XForms supports typical interactors through these elements. The inte
set can be extended, e.g., through datatypes.

5b) Master-detail

XForms 1.0 - Dynamic Ul Bindings.
The master-detail pattern is addressed by XForms natively by allowin
use of dynamic dependencies in Ul binding XPath statements.

5c¢) Paging and di-
alogs

XForms 1.0.

The switch, case, and togglelements enable purely Ul-driven switching

of parts of the Ul.
Thisrelevant MIP allows for model-based switching of parts of Ul.
Usingpredicates in groupbinding allows for model-based switching.

5d) Repeating cont

XForms 1.1.

5f) Copy-paste

XForms 1.1 - insert, trigger:

Copy-paste at widget level is usually supported by implementations, an
possible to create high-level copy-paste using triggers and insert state
in repeating data sets (cf. Publication [P8]).

actor

g the

structs The repeat element, associated pseudo-elementspeat-index and
.:repeat-item, and theindex() function enable creation of dynamic repeat-
ing constructs.

5e) Nested coni Proposed Extension: tree, nodeindex() The tree extension proposed |in

structs Publication [P8] supports navigating and editing indefinitely nested data set.

ditis
me

5g) Undo-redo

Only form control level supported by some XForms implementations.

5h) Drag-and-drop

Not supported by XForms.

5i) Context menus

Not supported by XForms.

5j) Filtering

XForms 1.0.
XPath predicates are used to provide dynamic filtering.

ported by XForms.

4.2 Visual Presentation with Dynamic CSS, SVG, and Timesheet

S

An important property for both multimedia presentatiorsweell as interactive user inter-

faces, is the visual presentation cababilities, which cadibided into arrangement of ob-
jects, and visual style. Furthermore, the arrangement ictdcan be divided into spatial
and temporal dimensions. The spatial layout makes it plessibgroup items, which are

related to each other, thus giving semantic informatioméouser. Also, it is often necessary
to have some items presented nearby, e.g., in the same sSmaral layout also contributes
to the visual pleasantness of the user interface. Boll defimeg possible layout models
used in multimedia presentatiomabsolute Positioning, Directional Relations, Topolodica
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Relations[14]. An equally important layout model is the one used esitezly in the web:
Text Flow[101, 91]. These are depicted in Figure 4.3. The supportiese models in web
languages varies. For instance, SVG uses absolute pasgionhile CSS has mixture of
absolute, topological, and text flow positioning.

.............. >
"""""""" > Contains ]
A 4
North !
v of
Absolute Positioning Directional Relations  Topological Relations Text Flow

Figure 4.3: Different layout models [14, 101, 91].

Typically, the flow layout model is used in web applicationgjle a mixture of topolog-
ical and directional relations (e.g., Java BorderLayoutjsied in desktop applications. This
has probably it's historical reasons: web started as a dentrepository, where flow layout
was natural, while desktop applications typically useddtier layout strategies in contain-
ers, with control over scrolling, within resizable, oveneng windows. On the other hand,
current desktop environments, such as Windows, KDE, anch@nave browser compo-
nent, which is often used in applications, which requiredrygxt features. Similarly, CSS
allows to build desktop-style layouts. Mixing the layout deds is thus supported from the
technology point-of-view (e.g., in CSS or Java), but it regsiia bit more skilled developer.

Presentation requirements for multimedia applicatione lieeen extensively studied The
following list of requirements is derived from literaturg the Author together with Dr. Pablo
Cesar.

Requirements Visual presentation

1. Multimedia Objects Suppo[66, 15, 54]

(a) Continuous Media: such as video and audio.

(b) Discrete Media: such as text, graphics (bitmap and vg&ad images.

2. Visual Styld113, 54]: authoring control over the visual appearancéefibjects (e.g.,
colors, fonts).

3. Arrangement of the Objects

(&) Temporal Dimension [21, 113, 15]: defines when the matim objects in a
presentation should be presented / removed.

(b) Spatial Layout [21, 113, 15, 54]: defines where the mudtiia objects in a pre-
sentation should be placed.

WEB USER INTERACTION - A DECLARATIVE APPROACH BASED ON XFORMS 37



(c) Animation [91]: combination of spatial layout and temg@adimension, in which
the layout of the application is modified based on time.

The proposed solution for enabling rich presentation coedbwith declarative interac-
tion language, is to us€ompound XML Documenfg5], which means that several XML
languages are combined together in a well-specified mafwermain ways to do this are a)
by reference use URL references from the host document dnbinclusion allow combin-
ing languages in a single document. The publication [P2}miless an early effort to provide
a browser framework for combining XML documents by inclusid he idea is that there are
two kinds of XML languagediostsandparasites There is always exactly one host language
in a document (e.g., XHTML or SVG), and there can be humerauagite languages within
one document. Also, a language can be both host and parasieepaper [P2] describes
some general interfaces, which are needed in order to comatarbetween the numerous
languages mixed within a document. At the time of writing, a@M3as produced a draft
of compound documents by reference [75] and requirementsoimpound documents by
inclusiorf.

To describe the structure, layout, and styling of the irdiva services, the use of XHTML
together with CSS is proposed in the publication [P4]. XHTMLaiwell-established stan-
dard for describing document structures, while CSS provalesry powerful layout and
styling model for XML (including XHTML) documents. Compar¢a other layout models,
which support only batch creation of the final form documeng)( XSLT+XSL FO), CSS
supports higher user interaction: changes in the docuneegt, (pased on interaction) are
easily reflected by using incremental rendering [68].

The publication [P4] also describes in detail the integratf XForms and XHTML+CSS,
thus providing proof-of-concept for the XHTML 2.0 Working &ft, which is still a work in
progress [42]. The multimedia objects (audio, video, andges) are included in the doc-
uments using the Object module of XHTML. HyperText linkirggprovided by the Link
module.

Publication [RP4] proposes a way to include interaction inlSM describes how to use
CSS within SMIL to allow groupings of repeating form contrdf®r instance, one of the use
cases is an exam results editor, which is created using X$-mepeat functionality described
in the Publication [RP2].

As noted in the paper, there are problems related to miximgeéeal and positional prop-
erties in the integration proposed in publication [RP4]. Theent proposal of the Author
is to take the separation of timing and presentation eveahédur This idea of Timesheets is
presented in W3C Member Submission by the Author et al. in th#i€ation [RP5], based
on original work of ten Kate et al. [111]. Timesheets re-use3$MIL 2.0’s Timing and Syn-
chronization module [57], but create a indirection layang<CSS selectors, thus avoiding
the problems related to mixing temporal and positional ddpacies. This is depicted in

4Compound Documents by Inclusion is part of the document: @amd Document Use Cases and Re-
quirements Version 2.0, available attp://www.w3.0org/TR/CDFReqsdccessed Nov 2006.
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Table 4.3: Solutions for presentation requirements.
Requirement Solution
la) Continuous met XHTML object element provides support for video and audio elements.
dia
1b) Discrete Media | Most XHTML elements deal with discrete media, such as text and images.
SVGis included for vector graphics and combined with XHTML as defined

in [75].
2) Visual Style CSS visual properties
3a) Temporal Di-| SMIL Timing And Synchronization module [57] integrated with XHTML
mension and SVG, used with thitmesheet elementas suggested by [RP5].
3b) Spatial Layout | Cascading Styleshed€SS) layout modeland properties.
3c) Animation SMIL Basic Animations module [57], used with the timesheet element, jas

suggested by [RP5].

Figure 4.4. The submission was commented by the W3C°staffo concluded that many
groups within the W3C should take the submission into account

As a conclusion, the proposed solution (cf. Table 4.3) fsual presentation combines
XHTML and SVG using Compound Documents Framework, uses CS8dsir language
layout model and visual style. Temporal dimension and ationa are provide by SMIL
Modules (i.e., timesheets).

Timesheet XHTML DOM CSS Stylesheet

® .

[CSS Selectors]

\
—

p#intro {font-size:120%}

span {color:red;}

Figure 4.4: Timesheets reference presentation DOM using&e&ttors.

4.3 Multimodal Interaction with XForms

In multimodal interactioriwo or more combined input modes are processed in a cooedinat
manner with multimedia system output. In many usage scesaiti would be beneficial
to allow the user to interact with multiple modalities sitameously. Also, as applications
have become more complex, a single modality does not pemmiiger to interact effectively

STeam Comment on the Timesheets: XML Timing Language Suliomiss Available at
http://www.w3.0org/Submission/2005/03/Comméticessed Nov 2006.
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across all tasks and usage scenarios. An example of suclmarieces using different web
applications with speech, while driving a car.

Technologies used in multimodal interfaces include cotiveal direct-manipulation de-
vices like the keyboard, mouse, pen, and touch screen. Gumature research integrates
speech with pen, or speech with lip movement tracking. Nesgaech trends are towards
more advanced input technologies such as speech recaogr@boor 3D gesture recognition,
lip movement, and gaze tracking.

Multimodal systems can potentially have many usabilitydigs over typical (unimodal)
systems. Some of the benefits listed in the literature ireclud

Flexibility and Adaptability The user can flexibly choose which modalities to use based
on the usage scenario. For instance, while driving a cagcpis the safest input and
output method, since it leaves sight and hands free, andrea@equire full cognitive
attention of the user. Multimodal interfaces also provida@ation for mobile users
with changing context. [86]

Accessibility An obvious benefit from multimodality is the increased asdabty. For in-
stance, since the user interface is available in differemdlatities, a blind user can
fully resort to speech, but for deaf user, different set ofialities is provided.

Intuitive and natural interaction People communicate multimodally with each other. For
instance, gestures, facial expressions, and voice t@msaéte important communica-
tion channels in addition to speech. This seems to hint flatiag multiple modali-
ties when communicating with the computer would be of be [@&TiL.

Lower error rate Fusing inputs from multiple modalities together can congaga for the
recognition errors through mutual disambiguation. In dndy this effect lowered the
error rate compared to pure speech input by 19-35% [85]. I&imesults have been
found in other research [25, 84].

Efficiency Multimodal interfaces can increase efficiency since midtighannels of infor-
mation are used simultaneously. This seems to be backed®rimental studies
[86, 73, 38]. Although speech interaction seems to be priogishe potential tech-
nical problems may reduce task performance [104]. Thussdpé often used by
combining it with other modalities to offset the weaknessighem [26].

Simon et al. have researched the area of authoring multihvesla applications [105].
They conclude that a cross-modal Ul language, which presohgle-authoringor multiple
modalities would be the best approach. They compared #egulage, which was designed
for modality independence, against XForms, and noted bsainteractors were almost the
same. They claim that this validates also XForms’ modatiiependence. There are also
other proposals to realize multimodal interaction, suckXBIML+Voice profile [4] and
SALT [115], which are evaluated in the Publication [P9]. Reti@nd Froumentin propose
extensions to Cascading Stylesheets (CSS) to allow simpknaalal interaction tasks [97].
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The paper defines new CSS properties, which are used to addnaaodality to current
HTML applications. The aural Ul is created separately tgfothe CSS extension. These
are reviewed in Publication [P9].

The publication [P9] also reviews and analyzes the requeresior Multimodal Interac-
tion framework by W3C [71]. They are summarized below:

Requirements Multimodal Interaction [71]

1. General Requirement3.he integration of modalities should be seamless. Eastoess
author, use, and implement a multimodal language are rdjuitinally, requirements
include also accessibility, security, and delivery cohtelated issues.

2. Input Modality Requirementdt is required that modality related information can be
authored. The input should be able to be given sequentsathyltaneously, and com-
bined from several modalities. Also, temporal positionaignput events should be
available.

3. Output Media RequirementQutput must be able to be represented both sequentially
and simultaneously in different modalities.

4. Architecture, Integration, and Synchronization poinlisis desired to use compound
documents with already existing languages. In additioe,gpecification should be
modular. Data model, presentation layer, and applicabgiclIshould be separated.
Also, language should provide means to detect or presdnberindalities that are

available.
XForms MM
Document
Stylesheets
_____________________________________ A
Visual Rendering : Aural Rendering

A

i (__screen  )*+—(" nteraction )—»(_ Synthesizer ) '
(Mouse/KeyBH» Manager <—( Recognizer )

Figure 4.5: Conceptual model of the XFormsMM approach.

In order to provide an easy-to-author and maintainableimatial user interface lan-
guage, the semantic level must be raised. Raman [98] had $isteeral features in XForms,
which are useful in creating multimodal Uls. XForms form tois, grouping constructs
and event types are abstract and generic. Therefore, $t desicribing multimodal user in-
terfaces.
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The Publication [P9] proposes a novel model, called XFormdshhich includes XForms
1.0 combined with modality-dependent stylesheets and @éimuadal interaction manager.
The model separates modality-independent parts from thdahtyp-dependent parts, thus
automatically providing most of the user interface to alldalities. The model allows ad-
hoc modality changes, so that the user can decide, whichlitiesl#o use and when.

The solutions to the requirements are listed in Table 4.4e Main concepts are the
Interaction Manager and the modality-specific renderiegs.( visual and aural), as depicted
in Fig. 4.5. The interaction manager handles the input amplub@io and from the rendering
subsystems. It also implements the sequential, simulteyemd composite input, while the
latter two are supported only partially through modaligpdndent stylesheets. The main
idea is that visual navigation can be performed as usuallgh keyboard or mouse, while
the interaction manager includes a aural focus managecjvideieps a aural focus point, and
allows the user to navigate the user interface to siblingabjor up and down the hierarchy
(which is induced from the document structure). It also $yanizes the aural and visual
focus point in the case where the same element has both adralsaual representations.

The Publication [P9] also compares these solutions to SAdD&+V, and concludes that
ease-of-authoring is much better in XFormsMM. For instareceimple multimodal short
message sending application, which was originally writteX+V°® (9.3 KB), was only one
fourth in size when written in XFormsMM (2.3 KB), although tk&ormsMM version had
additional features. It should be noted though, that the sfzzode does not automatically
correlate with author productivity.

6X+V-based SMS sending, available at:
http://lwww-128.ibm.com/developerworks/wirelessAigiwi-send.html
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Table 4.4: Solutions for multimodal requirements [P9].
Requirement Solution by XFormsMM

1. General
Supplementary interac- Most interactions available to all modalitiastomatically.
tion
Complementary interact Modality-specific CSS propertiesallow the Ul author to provide

tion some interactions only to some modalities.

Modality  synchroniza{ Automatic, but onlyat field level.

tion

Multilingual @ref attribute in labels, help, hint, and alert.

Accessibility High semantic leveland form-control- and group-associated labels,
help, hint, and alert.

Ease-of-authoring Easy-to-author, since main interactions in all modalitiessameulta-

neously authored

2. Input modality
Input processing, Seman-XML Schema datatypes andform control types provide semantics

tics of input for different input modalities.
Sequential, simultane- The interaction manager usemdality-specific CSSto provide some
ous, composite level of support of these.

Coordinated constraints| All modalities share thesame modeland instance data, so all con-
straints are shared.

3. Output media Different output media is supported through the usenafdality-
specific stylesheets

4. Architecture
Separation of datg XForms separates data model and presentatian The application
model, presentation, andlogic is usually handled in a server-side process, and then it's well|sep-
application logic arated as well.

4.4 Security through Digital Signatures

Security requirements of web applications can be dividéal two main categories, secure
communications and non-repudiation. Secure communitaoe already provided in the
web by Secure Sockets Layer (SSL), and thus the focus of thécRtion [P7] is non-
repudiation, which is needed, e.g., in e-commerce or p@iligices (e.g., tax report forms,
etc.). Typically this is achieved with digital signatures.

An important, but often overlooked, property of a digitajréing application is the capa-
bility to express the signature over everything that wasasgnted to the user. This principle
is calledWhat You See Is What You Sign (WY SIW¥&Gaccomplish this, it is normally nec-
essary to secure as exactly as practical the informatidanatas presented to that user [12].
This can be done by literally signing what was presented) sgsadhe screen images shown
to a user. However, this may result in data, which is diffi¢att subsequent software to
manipulate. Instead, one can sign the data along with weaféters, style sheets, client
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profile, or other information that affects its presentaf@jn This, and other requirements for
secure web forms are derived in Publication [P7]:

Requirements Digital Signatures

1. Signature securityTechnical requirements for secure signatures.

(a) Client-side. The signature must be generated client-side so that thecaser
check the signature validity before submitting. Also, supgor signing with
secure smart card must be supported.

(b) Trusted security algorithmsThe signature must be generated using common,
trusted, algorithms for maximum security.

(c) Signed form reconstructiomt must be possible to reconstruct the signed form in
case of dispute.

2. Signature coverage.The signature must cover all resources, which were used to
present the form to the user (WYSIWYS).

3. Complex signature supporgupport for complex signing scenarios.

(a) Partial signature.Support signing only part of the form.

(b) Multiple signaturesSupport multiple signatures within one form.
4. Form language integration.

(a) Ease of authoringProvide as easy syntax as possible for authors.
(b) Ease of implementatiotdse of off-the-shelf libraries should be possible.

(c) Modality and host language independentie design should be independent of
modality and host language.

Previous work in the field includes, e.g., Extensible Formas®iption Language (XFDL)
[13]. In XFDL, all of the information related to the form isdaluded in a single XML file,
including form definition, styling information, form datand even attachments (in binary
encoding) and the signature is created over this singleTilere is also research on specific
algorithms on determining whether unsigned areas arelysameerlapping with signed areas
[19]. This is required, if signatures over a partial form alewed. Unfortunately, this ap-
proach relies on absolute positioning layout model, and thcannot easily be generalized,
e.g., to XHTML+CSS, which supports a mixture of layout models

The author has proposed a novel scheme for extending theosmals fanguage, XForms,
with secure client-side digital signatures in the Publaa{P7]. The scheme uses XML
Signatures [6], which provides the necessary frameworkmfooding, serializing, and trans-
mitting signatures. A typical web form references multiggeources, and of them, including
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Table 4.5: Solutions for signature requirements.

Requirement

Solution

1. Security

1a) Client-side The signature processs run client-side. No private keys are transferred to
the server.

1b) Trusted security The signature process follow@viL Signatures’ core generationrules [6],

algorithms and uses it’s default secure signature algorithms.

1c) Signed form re4 The signature process is designed in such a way that it is possitg@edn-

construction struct the form in the way it was presented to the user at the moment of
signing.

2. Signature cover-| The signature is createyer all resourcesthat were used to prepare the pre-

age

sentation for the user: The host document, all referenced URLsatepar,

images, objects, Applets, stylesheets, scripts, XForms external instances

xinclude, xlink, XSLT, etc.

3. Complex

3a) Partial signa-
ture

3b) Multiple signa-
tures

The signature process is always done to the complete form, includin
resources. Thus filtering for partial signatures mustibee at the server,
or with XForms dynamic Ul.

Overlapping signatures are supported, for separate multiple signatu
server-side process is needed for filtering.

4. Integration
4a) Ease of author-
ing

4b) Ease of imple;

Thesignelement is an XML Events handler, which creates a signature
everything that was presented to the user, and places it to the instang
at node referenced by the attribute @ref.

g all

€S,

over
e data

The eventsignature-doneis a DOM event that signals that signing is suc-
cessfully executed. Target is the sign element that generated the s@natur

Only standard XML Signature operations are used.

mentation
4c) Host language Since all resources are included in the signature, it does not matter, which
independence host language and modality was used.

client-side default stylesheets need to be included withersignature. XML language mod-
ule calledsignand a related processing model for both creating and valiglat client-side
digital signature over a web form. Table 4.5 summarizesetlae®l other solutions to the

requirements.

4.5 Extensibility with XBL Custom Controls

The criteria defined in Section 2.6 inclu@atensibility which means that the language
should not limit the range of possible user interfaces ameraction styles, and it should
be possible to change parts of the user interface to sugrsgtecific usage context or de-
vice. For example, consider a country selection, which pscl for internationalized web
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applications. In a device, with better capabilities, trosild be shown as an interactive map,
which could be zoomed, while in a smaller device, it could bespnted as a set of drop-
down menus (cf. Figure 4.6). Another aspect is new kindstefaction styles. For instance,
it might be desired to use direct manipulation interactigpeg103] in some usage context.

Requirements Extensibility and Alternative Content

1. Custom controlsReplace parts of the Ul, based on the usage context, witlacttee
widgets defined by the Ul author or the device manufacturer.

2. Re-useAllow the Ul author to define new, re-usable interactors.
3. New interaction stylesAllow the Ul author to use new interaction styles for custom

controls.

<select1>

Continent

Europe s ‘
Country

Finland 3]

Figure 4.6: A country selection can be shown differentlyiffedent platforms using custom
controls, without losing the semantics of the selection.

In order to fullfill the requirements, this Thesis proposesdlve both Ul author -defined
alternative content and extensibility with usikyIL Binding Language (XBL) [58], along
with compound documents by inclusion (cf. Section 4.2) of DBML+CSS and SVG, com-
bined with well-encapsulated ECMAScript logic. Originallys idea was proposed by Bir-
beck for formsPlayer, which was the first implementatiorugoort XBL with XFormg[11].
Currently this is also supported in other XForms processocjding Mozilla XForm$§ and
X-Smiles. These software distributions include severahases on how to create re-usable
widgets.

The solution is summarized in Table 4.6. The main benefithisfapproach are re-use
and encapsulation. Each of the widgets build with XBL can besed as such in any other

"Mark Birbeck, A Standards-based virtual machine, W3C Webligafions Workshop 2004, Available
at http://www.w3.0rg/2004/04/webapps-cdf-ws/papeedapps-workshop-standards-based-vm.pdf. Accessed
Nov 2006.

8Mozilla Developer Center, XForms:Custom  Controls, Web e&ag Available at:
http://developer.mozilla.org/en/docs/XForms:Cust@uantrols. Accessed Nov 2006.
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user interface. Also, the way how XBL separates the genecatetgnt from the host DOM

means that the procedural scripting is well encapsulateédeasy to maintain. The use of
SVG allows a way to provide new interaction styles, such esctimanipulation. Also, since
XBL binding is applied to XForms form controls, a fall-backigsnot use the binding at all,

but rather use the normal XForms Form Control.

Table 4.6: Solutions for extensibility requirements.

Requirement Solution

1. Custom Controls XBL is used to provide custom control definitions, which can|be
bound to different form controls.

2. Re-use XBL encapsulates the custom control definition (consisting of
XHTML/SVG + ECMAScript) into a re-usable component.

3. New interaction styles SVG allows the vector graphics implementation of interactors,

which use new interaction styles.

4.6 Adaptation

As best demonstrated by the modality-independence (cttiddet.3), the proposed model
allows automatic client-side adaptation of the user iatfto some extent. It is sometimes
necessary to do further adaptation. The main approachesamation were discussed in
Section 2.5.

The proposed approach for adaptation for different costéxtage and device), is the
use of single Ul definition, along with context-dependeptestheets, which are selected by
usingCSS Media Querigé7]. The method falls in th&nique portable codégeneric client
category (cf. Section 2.5). Itis also a single-authoringhuod with author defined rules for
adaptation. It enables fine grained control over the founraapects of adaptation:

Spatial. Selecting the set of CSS stylesheets or fractions of styég¢shehich control the
spatial (or aural) arrangement.

Temporal. Selecting the set of timesheets, which control the tem@orahgement.

Interaction. Selecting parts of user interface to be presented throughpt&serties. Se-
lecting the XBL bindings for context-specific custom corgrol

Media. Selecting the media objects, or changing their displaythimigh CSS properties.

The proposed solution, with XForms as the interaction d@dimilanguage, fits the
Cameleon reference framework (cf. Section 2.5) in the fahgwway: XForms mainly
lies in theConcrete Ullayer, but its’ data model, abstract grouping and form custare
modality-independent, which means that it covers some patheAbstract Ulas well. The
modality-dependent stylesheets can be considered to be krtal Ul layer. TheTasks &
conceptdayer is not covered by the proposed model.
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A model-based approach could be used to provide highelrdeweantics (e.g., the Task
& concepts layer), while providing lower-level templatesng the proposed model. Also,
an interesting approach for dynamically processing an KiSebbased Ul description to fit
to smaller screens is described by Book et al [16]. Their aggras promising, although
it is not clear wheather it could support the more complex &ttgrns, such as dynamic Ul
bindings, filtering, or master-detail (and to transformazestn patterns based on the context).

4.7 Summary of the Proposal

The requirements for the UIDL and the proposed solution isrearized in Table 4.7. The
proposal is a compound document profile consisting of many_Xaiguages (and one non-
XML language, CSS) specified, or being specified, by W3C. Typiddle languages are un-
changed, but in some cases they are extended (XForms Treesal® or only few modules
of the language in included (SMIL). Sometimes the integratf languages has required the
Author the add new elements to the language (e.g., the Tee¢sproposal).

Table 4.7: The requirements and proposed solutions for tleegkLription language profile.
The profile is mostly composed of W3C-standardized, or totarelrdized languages.

Requirement Proposed Solution Chapt,
Interaction XForms 1.1 + Tree extension for nested structures 4.1
Visual Style CSS 2.1 visual properties. 4.2
Spatial Layout CSS 2.1 layout model and properties. 4.2

Continuous media XHTML 1.1 object element provides support for video and.2
audio elements.
Discrete Media | XHTML 1.1 and SVG 1.1 for vector graphics combined.2
with XHTML both by reference and inclusion.
Temporal Dimen- SMIL Timing And Synchronization and Animations mod4.2
sion and Anima- ules [57] integrated with XHTML and SVG, used with the

tions timesheet element, as suggested by [RP5].

Modality- XFormsMM (XForms 1.0+Visual and Aural CSS) 4.3

Independence

Security HTTPS for secure transmission. XML Signature integratdd4
with XForms for digital signatures.

Extensibility XBL and ECMAScript for re-usable custom interactors}.5
SVG for new interaction styles.

Adaptation CSS Media Queries combined with context-dependent C&$

stylesheets and timesheets for adaptation of spatial,demp
ral, interaction and media arrangement.
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5 PROOF OF CONCEPT IMPLEMENTATION

The results of this Thesis have been validated by proofeofzept implementations. These
implementations have, almost exclusively, been built it open-source XML browser,
X-Smiles. The author has been one of the main designers grdrmenters of the X-Smiles
browser.

5.1 Requirements

The main requirement for the X-Smiles browser was to supgperproposed language pro-
file. The other main requirements was device independerttdehws composed of Portabil-

ity and Adaptability. The requirements can be further daddnto the following (extended

from [P6]):

1. Multimedia Language Supporsupport for the layered model of XML languages, as
defined in Section 4, including XML, DOM, ECMAScript, XHTML, G5 CSS Media
Queries, SVG, XForms, XFormsMM, Timesheets, XML Signasyend XBL.

2. Portability

(a) Code Portability the user agent has to be implemented in such a way that it can
be run in different platforms.

(b) Toolkit: each graphics system (e.g., Symbian and Gnome) provideffeeedt
toolkit. Thus, the user agent has to be able to support akitoo

(c) Media Providerseach platform uses different providers to render the mdeba
example, it provides native methods to play video or audlwsl the user agent
has to be able to support any media providers available iplttéorm.

3. Adaptability

(a) Input Mechanism the way the user interacts with the system depends on the
device at hand (e.g., digital television receivers use tergontrol). Thus, the
user agent should provide alternative methods to navayeteate content.

(b) User Interface Adaptatiarthe characteristics of the graphical display (e.g., size)
are particular to the device. Thus, the user interface obthesser application
should be adapted (e.qg., television display is normallyveit from the distance,
so the fonts should be at least 16 points). Note that thisirement does not
mean adaptation of the content, which is handled in Sect®n 4
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5.2 X-Smiles Architecture

The architecture of the X-Smiles user agent is depicted gurféi 5.1 (extended from the
Publication [P1]). The XML Stream is handled by the XML presmg layer. It includes
an XML Parser and an XSLT processor, which generate a stré&AX events, which is
forwarded to the browser core layer. The core layer has DOMamentation and the XML
broker module, which are presented in Publication [P2]. Whe&-C layer includes DOM
element implementations for all supported namespaces;hwdre registered to the XML
broker. XML broker uses the DOM implementation to create avDtee, which contains
specialized element implementations for each hamespate idocument. Binary content
(audio, video, images, and plain text) is handled by theer@mnanager, which is usually
summoned by an MLFC (e.g., HTML img element), or directly hg browser GUI (e.g.,
when the user navigates directly to an image URL).

| Component Factory | | Content Factory |

User interface ]
and interaction | General GUI | MLFC specific GUI

—t ECMAScript

MLFCs {xmL+css|| XForms || SVG | Timesheets || | interpreter +
interfaces
I I DOM Interface
Browser core XML Broker + DOM Implementaton |
functionality y
| Binary
[ Configuration ] [ Content Manager Streams
XML SAX Interface_
Processing XML Parser XSL/XPath Processor

I XML Streams

Figure 5.1: Architecture of the X-Smiles user agent (ex¢éehitlom [P1]).

On top of the Figure 5.1 lies the use interface layer, comtgithe general browser GUI
along with MLFC specific GUIs (e.g., stop and play buttonstfored content). The EC-
MAScript interpretet is used by the language implementations, and it accessdethenent
through the DOM interface.

5.3 Portability

Portability is achieved using two main approaches: Javaeprogramming language (code
portability) and a device-independent abstract toolkyetafor media objects and the Ul
components (Ul portability).

IMozilla Rhino implementation is used in X-Smiles. Availafalt: http://www.mozilla.org/rhina/Accessed
Nov 2006.
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Figure 5.2: (a) Component [P6] and (b) Content Factories.

Content and component factories handle the creation ofrdiffetypes of widgets and
media providers, as depicted in Figure 5.2. Media providifer from widgets in three
ways: they do not have detailed events for user interactiay, consume a media stream,
and they provide synchronization primitives (start, stapd pause commands and corre-
sponding events). The content is identified by its contepe tff.e., Multipurpose Internet
Mail Extensions, MIME type), and it is possible for diffeteiactory implementations to
support different set of content types, depending on thetdewel capabilities.

Note that all XML language implementations have to be im@etad using this layer,
so that they access toolkits and media libraries only thndbg corresponding factory. The
Publication [P5] describes the architecture of the XFormeegssor, focusing on the device
independence.

5.4 Adaptability

As described in the Publication [P6], browser Ul adaptati@s solved by implementing a
adaptable browser Ul, which contains a core Ul descriptimhderived Ul descriptions for
possible device categories. The device-independent daselduild so that there are generic
actions, which can be mapped to different device-specibtkibwidgets or actions, such
as menu items. This way it is possible to use the same GUI ferdiit environments, thus
making maintenance much easier, compared to an earlieoagpof writing a new GUI for
each new device.

As a proof-of-concept, X-Smiles has been run in 3 embeddenlcgrments: a PDA, a
digital TV receiver, and a smartphone (cf. Figure 5.3).

5.5 XForms Implementation

One of the main contributions of this Thesis is a completevBsy implementation of the
XForms 1.0 Recommendation. This implementation by the Auties the first complete
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Figure 5.3: X-Smiles running in a (a) handheld device, (b)ré%eiver, and c) smartphone
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implementation of XForms, and one of the three implemeorati that allowed XForms to
become a W3C Recommendation. The others were xPort Forms®lagd Novell XForms
Preview’. The early implementation is discussed in the PublicatRH,[while an updated
description can be found in the Publication [P5].

Concrete Ul { | Component Factory I | Host Language Layout I
| Form Controls I
Abstract Ul Select Datl?]:)—hl?ed Repeat Switch Actions
| Ul BindingHandler |
Model
[ Datatypes ] [ MDG & Calc Engine ]
| Instance Data + MIPs |
XML
Processing XML Parser XSL/XPath Processor

Figure 5.4: Architecture of the XForms processor.

The architecture of the XForms processor is described ii¢agion [P5]. The Figure
5.4 depicts the architecture, which contains four layehe XML processing layer contains
an XML Parser, and an XPath processor. The model layer centhe instance data, MIP,
datatypes, and the Master Dependency Graph (MDG). AlsoUtBendingHandler is in
the model layer. The abstract Ul layer contains implementatof the specific XForms Ul
elements, such as input, select, repeat, and switch. Atgatype-specific form controls are
located here. On the top, there is the concrete Ul layer, evtiexr ComponentFactory and
the host language layout functions are located.

The heart of the XForms processor is the model implememtatibich is described in
Publication [P5], and whose architecture is depicted irufég.5. On the bottom lies the
XML processing layers with XML parser, DOM, XPath, serialion, and schema imple-
mentations. In the middle is the core and abstract Ul layEns.topmost layer in the Figure
5.5 is the Ul Binding Handler, whose responsibility is to katynamic Ul dependencies,
and dispatch events, when dependencies change (and thushihrelings become possibly
dirty).

The responsibilities, and the solutions, of the model iiTy@etation are the following:

Parsing and storing the instance datais implemented using the Xerces XML Parser, which
is used to parse the stream into a DOM L3 representationydingg PSVI infoset ad-
ditions for XML Schema.

2xPort FormsPlayer, Software, availablenétp://www.formsplayer.comOct 2006.
3Novell XForms Preview, Software, not available online.
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BindingtkEvents
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Rehuild ; :
Submit BoundList DepList
Core
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| Submission || XPathExt |
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| Serialize | | XPath Xalan XSLT I
Processor

| XML Schema | | Parser + DOM | ciens dalb sy I

Figure 5.5: The XForms model architecture.

Master dependency graph (MDG) is implemented in a separate module, which contains

the algorithms for dependency graph initialization andledation with dirty nodes.
The publication [P3] describes the effort to add efficienhpatation engine into the
XForms language. At the time of publication, the Ul authod badeclare the calcu-
lation order of all the dependencies in the user interfacd the proposed calculation
engine adds spreadsheet-type of calculation order regpinto XForms. That al-
gorithm was later accepted as such into the XForms Recomriendal he engine
relies on well-known graph algorithms (mainly topologisalt [62]) that optimize the
search when looking for the calculation order of the XFormsstraints.

The model item properties (MIP) and their inheritance is implemented in a set of classes
derived from a MIP base class.

Datatypes are implemented in a separate class structure, which usegXdatatypes im-
plementations, whereever possible.

Submission is a module containing the different submission serialiret, methods, and
protocols. It uses the Xalan serializer for XML serializing

XPath extension functions are implemented once independent of the used XPath engine.
Each integrated XPath engine (Xalan, Jaxen) is then extesddhat the extension
functions are in the scope.
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Dynamic Ul dependenciesDynamic Ul dependencies are contained in a module, which
tracks any dependency change, and informs the Ul bindingeosvof possibly dirty
Ul bindings.

The Ul layer of the processor is composedarfn controls repeatandswitchprocessors,
and the implementation aictions These are described in detail in Publications [P4,P5,
RP2].

5.6 Multimodal XForms

( XML Parser )
( css ( Schema Processor ]
kEngme ( XForms Engine ]
( Interaction Manager ]
(Gur [ Speech Rendering )

( Dialog Handler ]

(Focus Provideﬂ@\lidgets]« Gra:lri?:ars
Layout
[ Speech API
(Foeus) ]
Focus 4 input y output

( Recognizerj (Synthesizerj
.

J

s
-

Figure 5.6: The components of the XFormsMM implementatioXiSmiles.

The XFormsMM (XForms Multimodal) framework was proposedhia Publication [P9]
(cf. Section 4.3). The framework was designed by the Authdrimplemented in X-Smiles
by the Author and Mikko Pohja. The implementation (cf. Feg6r6) consists of an interac-
tion manager, which implements the algorithms propose®#j,[and the speech rendering
of XForms language. The speech rendering handles the spgmdtand output between the
processor and the user.

Sphinx-4" was used as the speech recognition engine and FréedsI& speech synthe-
sis engine, while the Speech API, designed by the Authaywallan easy way to plug in
different ASR and TTS engines in the future. Both of the usbrhties are open-source
cross-platform Java libraries. Specialized JSGF grammars written for all typical XML
Schema basetypes in XForms. The grammars are interpretibe [8phinx-4 library.

5.7 Integrating Digital Signatures to XForms

The author has implemented the current complete implerientaith the processing de-
scribed in the Publication [P7] (cf. Section 4.4). It is hgm an earlier experimental

4Sphinx-4, Software, Available &tttp://cmusphinx.sourceforge.net/sphinxé¢cessed Nov 2006.
SFreeTTS, Software, Available http:/freetts.sourceforge.net/docs/index.pApcessed Nov 2006.
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implementation, which was done in co-operation with Hen@ (&3].

The signature processor was integrated with the XFormsegsmr in the X-Smiles
browser. The sign element and it's namespace were creatachaw MLFC. The XML
signature is created using tigache XML Security 1.1 for Javirary®. This library is a
complete XML Signature implementation. It is also respblesfor creation of the external
references in the signature.

The signature MLFC uses well-defined interfaces for intanponent communication.
In the integration of XML Signature and XForms processoiOMDinterfaces were utilized
as much as possible. The signature element is part of the Wl B€e, so it can naturally
access the tree with the XML and XForms DOM access. The usartagust provide an
interface to access the list of resources, which were lofatatie form being signed. Some
of these resources, such as images, can be referenced visealnta URL, while others
are local to the processor. Both must be provided throughritesface so that they can be
included within the signature.

5.8 Custom Controls with XBL

The XForms custom controls framework described in Sectidrwhs implemented in X-
Smiles by the Author. The implementation is a subset of XBL. &rencomplete implemen-
tation of the same idea can be found in formsPlayerd the Mozilla XForms implementa-
tion®. The author’s partial implementation follows the Moziltaplementation.

The Figure 5.7 shows a screenshot of X-Smiles running a feamsélecting a city in
Finland. The city can be selected either in a normal combodrdy clicking the city in
the map. There are also different versions of the city nanjgubuone without custom skin,
and one with SVG custom control. All controls are automdiicsynchronized so that the
current value is always presented in each of them.

5.9 CSS Layout Engine for Compound Documents

The CSS Layout engine has been co-designed by the Author addNiohja, and mostly
implemented by Mikko Pohja (the Author has done some implgat®n work related to
integration of interactive components, and synchrorrelietween incremental re-layouts
and scripting, etc.). The layout engine is described modetail in [92]. The basic operation
is incremental layout of an XML document based on CSS prageertiThis is depicted in
Figure 5.8.

The implementation is based orsangle, shared DOM modgeWhere the different lan-
guage implementations share the same object model (aladhdivei separatiayout or view

6XML Security for Java and C++, Software, Apache FoundatioBoftware. Available at
http://xml.apache.org/securityAccessed Nov 2006.

’formsPlayer, software, x-Port, availablendtp://www.formsplayer.comAccessed Nov 2006.

8Mozilla XForms Project, Software. Available http://www.mozilla.org/projects/xformsAccessed Nov
2006.
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Figure 5.7: Different implementations of the city selentising XBL+SVG custom controls
in X-Smiles.

tree), which is generated at runtime by the XML parser. The atglrecommend this kind
of approach because of the number of different propertigsh(as CSS properties and DOM
events) that must flow through the document model dynangitased on window size and
DOM changes.

The author has integrated SVG into the compound documeydsita&ngine. The in-
tegration was done by modifying the CSIRO SVG library. Thegest modification was to
move all functionality from specialized SVG document impkntation into the SVG root el-
ement implementation. Then, the root element implememtatias extended from X-Smiles
default element implementation in order to be able to plaeethin a XHTML document.
This integration allows unlimited number of SVG root elenseto be placed within the
XHTML document, as shown for instance in Figure 5.7. The CS$nties inheritance
from XHTML to SVG was implemented together by the Author andgsandro Cogliati in
the XForms 1.0alphal release.

5.10 Timesheets

The implementation of the Timesheets idea, presented irPthication [RP5], was co-
designed for the X-Smiles browser by the Author, Teppo daland Mikko Pohja. Teppo
Jalava did the main implementation work.

Since Timesheets only describes the temporal dimensioheoflocument, it was inte-
grated with a CSS layout implementation in X-Smiles. Thegrd&on works by affecting
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Document source
<p>

Paragraph with some text
and <a href="target”>three
word link</a> refering to

target.

</p>
Document layout|

Paragraph with some text and three
word link refering to target.

DOM element
-

correspondence — — —»

Figure 5.8: CSS Text Layout example [92]

the CSS properties of media elements based on the currenpdiimie For instance, the CSS
propertydisplaycontrols whether the element is displayed or not. The timetshprocessor
sets the CSS pseudo-classed-inactivefor the media element when the element should
not be visible based on the timesheet. Then, with a defaldtfor the pseudo-class, the
CSS property display is set to "none" to the non-visible metiment. The pseudo-class
overrides element’s original display property and the eenbecomes invisible. When the
media element should become visible, the implementatioroves the pseudo-class from
the element, thus restoring the original value.

The default style sheet should contain a declaration wighpeudo-class called timed-
inactive that is used to control the visibility of the mediaraents:

;tined-inactive { display: none ! inportant;}

Additionally, the language is extended by defining a clagghate for the item element. It
can be used to change style properties of the elements fretmtiesheet. For example, the
Ul author could specify the red background of an element thiaeged to blue at some time.
This is done by setting the value of class attribute to refezea CSS pseudo-class that is used
in the style sheet of the document. The Ul author doesn’t haa&ld the same document
element with the same content multiple times with differggte properties, but instead only
define a pseudo-class for each property change and corgrolftom the timesheet.

Future work includes implementing SMIL Animations modwad integrating Timesheets
to the SVG implementation.
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5.11 Summary of the Implementation

The requirements for the UIDL and the proposed solution arensarized in Table 5.1.
The largest part of the implementation handles the firstireqent: Multimedia Language
Support.

Table 5.1: The requirements and proposed solutions fontipéeimentation.

Requirement Proposed Solution Chapter
Multimedia Lan-| Implementation of the proposed model (cf. Section 4.B)5 - 5.10
guage Support in an XML user agent X-Smiles.

Portability Using Java as the programming language allows porta3

bility to different devices.
Design and implementation of a virtual toolkit, which
abstracts the actual toolkit and media libraries in the|de-
vice.

Adaptability The browser GUI is designed so that it can easily| &4
subclassed for different devices while still having the
common functionality (such as navigation) in the main
class. The different input mechanisms are supported by
using the native toolkit in each device.
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6 CONCLUSIONS

This Thesis has proposed a set of high-level user interatéioguages for implementing
device-independent web user interaction. The motivatesidome from new requirements
for web applicationshigher interaction adaptationfor mobile and multimodal usage, and
rich multimediacontent.

6.1 Validation

The validation of the results in this Thesis is twofold. Eitkeoretical validationis per-
formed by comparing the proposal against similar appraaciseng the general and web-
specific criteria, defined in Sections 2.6 and 2.7 respdgtigad the more detailed require-
ments in each Section of Chapter 4. Secamapirical validationis done by the proof-
of-concept implementation (cf. Chapter 5) and the implemgnise cases from various
application scenarios defined in Section 2.2

Regarding théheoretical validationcurrent web Ul languages were reviewed in Chapter
3. The matrix, which compared the approaches against tteriaris extended here with
the proposed solution of this Thesis in Table 6.1. Note thigttable is based on author’s
understanding of the state of the art, and is therefore sdwaiesubjective. Also, Tables 6.2
and 6.3 describe the fulfillment of each of the criteria byghgposed solution. The Thesis’
proposal covers quite well the different criteria, havihg biggest weakness iBase of
implementationThis stems from the facts that the proposal includes a Idiftgdrent XML
languages, whose implementations need to interoperateffenedt levels. For instance,
SVG and XForms must integrate to the CSS and events subsys$tdm bost XHTML
document.

Note that the proposed solution has combined many of the amdganguages into a
larger whole, which makes this comparison somewhat unfdius, an additional language
profile (Ajax+SVG+Web Forms 2.0) was added to Table 6.1. Coetho Ajax+SVG+Web
Forms 2.0, the Thesis’ proposal is bettedavice and modality independenease of au-
thoring, andauthoring tool interoperabilitymainly because of higher abstraction level. On
the other handease of implementatios better in Ajax+SVG+Web Forms 2.0 (and some
browsers already implement this profile, at least parttilly

Theempirical validationhas been done first by the proof-of-concept implementatibn (
Section 5). It acts as the open-source reference implet@ntz the proposed model, and
also can be used to assess the implementation implica#orether kind of empirical vali-
dation has been the implementation of use cases from vaajopigation scenarios. Please

IMozilla Firefox 2.0 and Opera 9.0 both support Ajax and stl$eSVG 1.1 natively, and Opera 9.0
supports Web Forms 2.0 as well.
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Table 6.1: Comparison of the proposal to the other tools weadkin this Thesis. Empty cell
means less than average, '+’ means average, and '++' meées than average.

General Criteria Web Specific
Expressivity Authoring
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AjaxSVG | ++ | ++ | ++ ++ | + + + | | | |+ +
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Proposal | ++ | ++ | ++ | + + + | | | | | | |+

refer to Section 2.2 and the publications referenced tl@rmbre details.

6.2 Main Contributions

A contribution of this thesis is a taxonomy of web user irded tools, based on authoring
style, has been proposed. The first class, traditional ngenface tools, namely toolkits, are
procedural which require Ul authors to be experienced programmer sHtond class is
declarativeUl languages. The third classhgbrid Ul tools, which is a mixture of declarative
and procedural (e.g., DHTML + scripting).

Another contribution is a definition of criteria for userenéction tools within the appli-
cation scope. Current tools are also reviewed against tmgegacin this Thesis.

The main contribution of this Thesis is a proposal for coreldiset of declarative lan-
guages to describe device- and modality-independent osafaces. Additionally, one of
the contributions has been the involvement in W3C XForms Reoendation process, and
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Table 6.2: General criteria and their fulfillment by the psepd model.

General Criteria

Fulfilment by the Proposed Solution

Ch.

Expressivity
Visual Presentation

The expressivity of visual presentation is good in the propag
model, since different layout models and primitives are suppa
through CSS 2.1 and SVG.

sé
rted

synchronization

Expressivity This criterion has been the focal point of this work. XForms L4.1

Interaction has been designed to address most of the interaction requirements
of the applications within the applications scope.

Expressivity This criterion is well fullfilled by the inclusion of few core SMIL 4.2

Multimedia and| modules using the Timesheets technique.

Ease of learning

Not proven. This criterion depends on the target authors,

should be empirically proven. The Thesis claims that at least for

non-programmers declarative languages are easier to learn

pared to procedural, and thus the main core of the proposed model

uses declarative languages, such as XForms, and CSS.

and

com-

Ease of authoring

Not proven. Similar to the previous criterion, this depends also
on the target authors. The claim of this Thesis is that declarative
languages are easier to author for non-programmers (cf. ease-of-

use of tools [80]).

Extensibility

Few methods of extensibility is supported by the model. F

implementation-specific extensibility allows the addition of new

interactors based on datatypes. Also other kinds of functia
ity can be added to implementations. A more generic extens
ity mechanism is provided by custom controls. In this criteri
procedural approaches, including AJAX are better, though.
other aspect of this criterion i®-use which is provided by the
proposed solution by allowing to encapsulate custom interac
written in ECMAScript and XHTML or SVG) by using XBL. Thg
re-use of instance data, and thus e.g., labels, help, hint, and
is allowed as well.

r<t.5
nal-
ibil-
on,
An-

tors,

v

alerts

Authoring tool interop-
erability

Not proven, though this Thesis claims that the use of declar:
languages in the core of the model supports interoperable au
ing tools.

ative
thor-

feedback to the XForms working group. The author has pravttle first complete imple-
mentation to help standardization process. All extensgwaoposed in this Thesis have been
proposed to the XForms Working Group to be utilized in futstandardization.
The main research question waslevice and modality-independent model for high-
interaction web user interfaces The main contributions, and how they are linked to the
publications and the four subquestions of this Thesis casubenarized as follows:

Q1: Requirements for web UIDL.
e Chapter 2, Publications [P4,P6,P8,P9].

e Main contributions: Classification of web applications lwhea interactivity, evalua-
tion criteria for web UIDLSs.
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Table 6.3: Web-specific criteria and their fulfillment by fr®posed model.

Web-specific Criteria | Fulfillment by the Proposed Solution Ch.

Latency Latency is minimized by allowing asynchronous submissipids2

while the user interacts with the page. This is similar to the
submission model of AJAX.

Device independence | This criterion is met by having enough high level of abstra&-6,

tion and layering the model such that the core Ul descripti@n3,
is independent of any end-user device, and allowing authér4
defined rules for context-specific adaptation. This criterion is

also demonstrated by running the implementation and spme
of the use cases in various devices, ranging from hand-held
devices to TV set-top-boxes, and desktop computers.

Modality independence The modality independence of the model is demonstrated 453

the XFormsMM proposal, and related proof-of-concept im-
plementation.

Security HTTPS for secure transmission. XML Signature integratet4

with XForms for digital signatures.

Accessibility XFormsMM demonstrates the accessibility features of |tHe3

proposed model.

Web integration The proposal is composed of W3C standardized or torbe”

standardized languages. When appropriate, the Author|par-
ticipated the standardization process.

Ease of implementation This is possibly the weakest point of the proposed modél,

since it requires the integration of many XML languages and
technologies. This criterion is still fullfilled to some extent
by providing a open source proof-of-concept implementa-
tion.

Q2:

64

Evaluation of current UIDLSs.

Chapter 3, Publication [P8].

Main contributions: Classification current web UIDLs, ewtlon of current web
UIDLs against the evaluation criteria.

: Compound document profile to fit the requirements.

Chapter 4, Publications [P3,RP4,P4,P7,P9].

Contribution: Providing a model for defining web interactibased on higher seman-
tic level user interface description. The model allows dewndependence, accessibil-
ity, security, and multimodality. For summary of the modse Table 4.7.
Contribution: Working as a participant of the W3C XForms Warkigroup, co-
specifying the XForms 1.0, XForms 1.0 Second Ed. Recomm@mdatand XForms
1.1 Working Draft. Since the work has been done in a group uaden-disclosure
agreement, the exact contribution cannot be enumerated her

Contribution: Several proposals for enhancements in XFatasdards, including
editing recursive structures with a tree module and digighatures.
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Q4: Implementation implications.
e Chapter 5, Publications [P1,P2,P3,P5,P6,RP1].

e Contribution: This Thesis has provided an experimental wsdr agent, X-Smiles,
whose main designer and implementer the Author has been.

e Contribution: Implementation of the XForms 1.0 Recommeruataith the browser.

e Contribution: Implementations of the following browser qmmnents: media-type
aware content handler framework, device-independent @uhéwork, whose sole
implementer the Author has been.

e Contribution:Implementations of the following browser qoonents: speech user in-
terface, vector graphics plugin, digital signatures, Wwhi@ave been partially imple-
mented by the Author.

6.3 Benefits and Drawbacks of the Solution

Regarding to theroposed modethis Thesis claims that it would be beneficial to use declar-
ative Ul languages in many usage scenarios, the main ady@bting the higher semantic
level compared to procedural approaches. This makes p@ssibomatic transformations
of the Uls based on context of use, current device, and upegferences. For instance,
it is possible to automatically create multimodal user riigiges from a single declarative
user interface definition. As shown by the multimodal scien@f. Section 4.3), user inter-
faces written with the proposed language can adapt to mdfeyetit usage scenarios. Also,
it should be easier to create interoperable visual autgdools for declarative languages,
compared to procedural languages. Note that the userantg=fof some classes of interac-
tive applications, such as realtime 3D games, should siihplemented with procedural
tools (e.g., C++, OpenGL, or Java Toolkits), since they negqueéry high level of interaction
and complex visual effects.

The proposed model of declarative languages is layereda@arts of it can be used
even without implementing the whole model. For instance tittming part (Timesheets) is a
separate language module, that only depends on CSS laydutaareasily be left out if not
needed. Also, the security part is optional. This can befi@ak if the whole profile proofs
to be too hard to implement.

Since the proposed technologies are targeted to be imptech@nthe user agent, the
biggest drawbacks are timplementation implicationgf. Tables 4.7 and 6.1). Thus, one
of the biggest efforts in this Thesis has beenphmof-of-concept implementatipK-Smiles.
The main benefit of X-Smiles is its portability; it is written pure Java, which makes its
porting much easier compared to other (mainly C++) appraachiee drawback is the per-
formance; although Java virtual machines have developedlgorithm written in C++ will
still outperform the Java version in startup time, execuipeed, and memory usage.

It also remains to be seen whether the proposed set of laaggain enough momentum
to force browser manufacturers to implement them. They malenapplication authoring
easier, and user experience better (because of devicesindepce), but require development
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stakes, which many browser manufacturers are not willinglabe to make. For instance,
currently XForms is not yet widely in use; it lacks mainstrearowser support, although,
e.g., Mozilla Firefox has an installable XForms plugin. e an evolution path available:
using ECMAScript to implement the language profile. For ins&g two such open-source
implementations of XForms exists already to date and implaations of e.g., Timesheets
should be plausible. In this way, it would be possible to uskeast the main parts of the
language profile already before they are widely supportdivaig in the browsers. The
problems related to the use of ECMAScript (efficiency and badth consumption) can
be somewhat reduced by using caching and implementing ECKigtSust-In-Time (JIT)
compilers in browserfs

Declarative languages have some general drawbacks astinatl;application scope is
usually smaller compared to the procedural languages. Wigenser interface is not within
the “sweet spot” of the language, it may be very difficult, at impossible, to define it with
the declarative language. This is where the strength ofggha@l languages is: with them, it
is usually easier to define re-usable abstractions to défalmore complex Ul requirements.
On the other hand, within the application scope, declagdéimguages can be easier to learn
and use, especially for non-programmers (consider SQL pregedural search of linked
tables).

6.4 Future Work

In the future, it should be studied how different adaptatechniques (e.g., model-based
techniques) could be used in conjugation with the proposedetn Another future work
item is related to validation. It might be possible to valel¢he findings of this Thesis by
using usability research methods applied to non-progranaungors.

Comparing different end-to-end solutions for building rittultiuser internet applica-
tions, including database connectivity and concurrenay the proposed model, is also left
as a future work.

Regarding the implementation, more work should be done taaugpthe X-Smiles
browser. The biggest problems currently are website cabifigtand processing and mem-
ory efficiency, especially for small devices. Also, the SWBL, and CSS implementations
are not complete. Also, the timesheets implementationldhmei extended to support ani-
mations and it should be integrated with vector graphics.

2At the time of writing Adobe donated the ECMAScript enginerfrFlash 9, including a JIT compiler to the
Mozilla project. The new “Tamarin” engine is expected tofpan much better compared to the current Firefox
2.0 ECMAScript interpreter. Available atttp://www.mozilla.org/projects/tamarinWWeb Page, Accessed Nov
2006.
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7 SUMMARY OF PUBLICATIONS AND
CONTRIBUTIONS OF THE AUTHOR

This Chapter gives a summary of the publications, which fdns Thesis. Also, it describes
the contributions of the Author in each paper. The work prese here is part of a larger
project, where X-Smiles has been developed. SpecificatlyKBri Pihkala has designed and
implemented the SMIL player referred to in the articles [FRR], [RP4]. M.Sc. Mikko Po-
hja has co-designed with the Author and fully implementeddiinamic CSS layout engine
referred to in [P4], [P5], and [P6]. He also participatedha tlesign and implementation of
the multimodal interaction framework in [P8]. Dr. Pablo Cegeovided the digital televi-
sion prototype in [P6]. M.Sc. Alessandro Cogliati has cowglesd with the Author and fully
implemented the CSS properties engine used in many of thécptibhs. Dr. John Boyer
designed the computation engine referred to in PublicgB8ih Teppo Jalava and Mikko Po-
hja co-designed with the Author the Timesheets proposalraptémentation [RP5], which
was implemented mainly by Teppo Jalava.

The Publication [P2] has previously formed part of Kari Rileks Doctoral Thesis, and
[P6] has formed part of Pablo Cesar’s Thesis. Other pubtinathave not previously formed
a part of another Thesis.

Publication [P1]

This publication presents the general approach to web aseraction using the XForms
language. This is an early journal paper, that demonsttagebost-language neutrality of
the XForms language approach, with detailed mark-up exasrgid implementation details
for each host language (XSL-FO, SVG, SMIL). The author hasgied and implemented
all of the work presented in the paper. He has also writterofathe text, while getting
comments and proof-reading help from Prof. Petri Vuorimaa.

Author’s overall contribution to the publication: 95 %.

Publication [P2]

This article presents a framework for an XML browser capalbldisplaying hybrid XML
documents. The framework enables the implementation @nexins for existing XML
languages. As an example, SMIL, XForms, and XML Events |laggs are integrated. The
authors Dr. Pihkala and Honkala designed and implementg@rtposed framework, and
wrote the text, in equal proportion.

Author’s overall contribution to the publication: 50 %.
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Publication [P3]

This publication presents a successful effort to changedneputation engine in the then
current XForms Working Draft so that the calculation ordernutomatically derived. The
author wrote most of the text in Section 1 and 3 and implentktite system in the X-Smiles
browser. He also fully implemented the use case that isrexfdp in the paper. Dr. John
Boyer designed the algorithm used in the computation engmewrote the text in Sections
2 and 4.

Author’s overall contribution to the publication: 50 %.

Publication [P4]

The next version (2.0) of XHTML, which was at Working Drafage, is introduced, and
most notable changes since XHTML 1.1 are described: docustercture, navigation lists,
and the new forms module, XForms. The author has designethgmdemented the integra-
tion of XHTML and XForms, and the integration of XForms and d&gut. He has also
written half of the text.

Author’s overall contribution to the publication: 50 %.

Publication [P5]

Re-design of the XForms processor, which allows it to be plogtsily to many platforms.

Requirements for a portable XForms processor are derivadl aagtesign fullfilling these

requirements is presented. The author has solely done #igndend implementation, and
written the text, while getting comments and proof-readietp from Prof. Petri Vuorimaa.

Author’s overall contribution to the publication: 95 %.

Publication [P6]

This publication derives requirements for a language t@kbgvinteractive, networked mul-
timedia applications. A corresponding XML language profibeluding SMIL and XForms)
is described. Also, requirements are derived for a devidependent user agent for this
language profile. It is shown that a modified version of X-®&sitan serve as such user
agent. Specific solutions for supporting devices with défe input and output capabilities
are Component and Content factories, which are describee ipaper. Dr. Pablo Cesar de-
scribed the porting of this profile and user agent in an digg@vision prototype platform,
called Ubik. The author designed and implemented the fest@nd the device-independent
GUI framework.

Author’s overall contribution to the publication: 50 %.

Publication [P7]

The World Wide Web is evolving from a platform for informati@ccess into a platform
for interactive services. The interaction of the servisegrovided by forms. Some of these
services, such as banking and e-commerce, require seomregpudiable transactions. This
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paper presents a novel scheme for extending the currentamels fanguage, XForms, with
secure client-side digital signatures, using the XML Stgres language. The requirements
for the scheme are derived from representative use casesy Feuirement, also for legal
validity of the signature, is the reconstruction of the sidriorm, when validating the sig-
nature. All the resources, referenced by the form, inclgdinent-side default stylesheets,
have to be included within the signature. Finally, this pgpesents an implementation of
the scheme and a related use case. The author has designetpéerdented the proposed
solution. Also, he has written all of the text, while gette@mments and proof-reading help
from Prof. Petri Vuorimaa.

Author’s overall contribution to the publication: 95 %.

Publication [P8]

This paper reviews two declarative user interface defimitemguages, XForms and XUL,
from the point of view of desktop-style web applications. eTpaper presents a use case,
which is an online journal editing system, and implementg parts from that use case
using both languages. Requirements for UIDLs are gatheoad felated literature, and the
languages are compared against the requirements. In ardelifill the nested structures
navigation requirement, an extension to XForms, the treduteo is proposed in this paper.
The author has written half of the text and implemented theris version of the use case,
while Pohja authored the XUL version. The author has als@ded and implemented the
XForms tree module. The use case was proposed by Ervamasefaret] with wireframe
models by Penttinen.

Author’s overall contribution to the publication: 40 %.

Publication [P9]

This paper proposes a novel mod&lFormsMM for defining multimodal web applica-
tions. The model separates modality-independent pants fn@ modality-dependent parts.
It includes a generahteraction managerwhich enables multimodal use of XForms Uls,
and automatically synchronizes the modalities. The pregoaodel is compared to two
other multimodal interaction authoring models, SALT andvxXbased on the Multimodal
Interaction Requirements by W3C [71]. A prototype implemgataof XFormsMM and
the implemented use cases are described. The author haamemtled and designed the
multimodal interaction manager, and integrated the speeobgnition and synthesizer li-
braries. He has also written 60 % of the text.

Author’s overall contribution to the publication: 60 %.
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