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Abstract— The design and the implementation of software for Fat clients are devices with high processing power and reliable
mobile computers and for pervasive computing environments |nternet connection. They are able to dynamically download

entail several issues and lead to new requirements. Applications 5,4 ryn mobile code. Examples of fat clients are PCs, note-
must handle at run-time the heterogeneity of delivery contexts in .
books, tablet-PCs and workstations.

terms of devices features, network bandwidth, input and output ) . . ) T .
modalities, operating systems, and so forth. In this paper, we Thin clients are devices with limited power processing and

propose a practical approach for enabling platform independent narrowband Internet connection. They can run custom applica-
application development and on-the-fly generation of user inter- tions but can not load and execute dynamic mobile code. Such
faces based on object introspection and device adaptation. category includes Personal Digital Assistants (PDAs), hi-end
programmable mobile phones and set-top boxes for interactive
television.

The design and the implementation of software for mobil@/eb-like clients are equipped with a third party browser and

computers and for pervasive computing environments [f#ley include low-end WAP-enabled mobile phones, Internet
entail several issues. Furthermore, software developers spRiiks and VoiceXML browsers.

up to 50% of a whole project time-resources [2] in the
design, implementation and testing of friendly and intuitive
user interfaces. Despite such a considerable work, applications [ll. AN OBJECTFDRIVEN CONCEPTUAL DESIGN
initially developed for a traditional Web browser or running

in personal computers must often be re-implemented froma way to manage the complexity in the design of plat-
scratch in order to reach new terminals such as set-tR)m independent user interfaces is through the Model-View-
boxes, voice browsers and smartphones. It would be veryntrol (MVC) design pattern [3]. Such a pattern decomposes
useful if a system could automatically generate an interfagesystem in a set of models that are strictly bound to the persis-
by the analysis of an application logic and data modelgnt or transient data. The data are managed by the system and
Unfortunately, such a system is still in the wish list of mos§hared with the user. For each model, the designer can provide
programmers. Yet development environments are aimed e or more user interfaces, the View-Control (VC) subsystem.
building applications whose execution contexts are knownTae VC part provides the user with a representation often
priori. For one, the Java programming language is aimed to §gphical of data objects and may also offer the possibility to
platform-independent. Nevertheless at the time it was designgglt them. A peculiarity of device independent user interfaces
the number of devices able to host a Java Virtual Maching that we can indeed define device independent models but
(JVM) was really small. Indeed, the slogan "Write once ruBannot define device independent views because views are
anywhere” is today too optimistic and fails in its literal intentoncrete "interactors” and must be defined in terms of widgets
and is meaningful Only for classes of devices: the user interfa‘j@bnging to a Specific toolkit, for examp|e Java Swmg In our
of an application based upon a component library like Swinghproach, we have developed a framework for defining and
cannot be run on a device with a small footprint and fewomposing models. For instance, a string value is a model of
hardware capabilities, like a WAP-phone. Moreover, there agetext object and can be part of an enclosing model such as
devices that cannot run a JVM at all or devices with mon@he model of a form. Therefore, the Composition of objects
dimensional input like voice. In this paper, we describe thean be transformed at runtime into a structure of concrete and
Multichannel Object REnderer (MORE), a framework able tiyteractive objects by means of a "rendering process”. In this
generate user interfaces from a reflective analysis of data gjflcess, widgets (called run-time editors) such as text fields,
Java code used for defining the application model. radio buttons, and more sophisticated controls, are deployed in
place of the data they refer to: strings, numbers, booleans and
more complex data types like object arrays and collections.

According to their physical features, we grouped devic&somplex models are viewed as composite graphical objects
in three fundamental categories: fat clients, thin clients, amthd the rendering process is applied recursively till atomic
web-like clients. interactors are obtained.

I. INTRODUCTION

II. DEVICE CATEGORIES
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IV. MODEL INTROSPECTION

An application written for MORE contains a set of classes
defining the platform independent "model” for the user in-
terface. Some of these classes extend or implements ba ®savel) - Personaltgenda
classes provided by the framework. Fields of these classes aic
either "composite model” or "basic models”. Basic models do gy 5.
not need to be decomposed to get a user interface for them.
Samples of basic models are strings, numbers, dates, and
forth. By means of "Java Reflection”, a model is inspected at
run-time to identify its data (fields) and the actions (methods) . lagin
the user may have access to. Depending on the current devi [;'
profile, a concrete view is built. Basic models contained in ,
the model under analysis are directly placed in the view while ' new :
composite models are represented by hypertext links. Whe L]
the user requires a representation of the composite model (i. , addMeeting
pushing on a button or clicking on a link or obtaining it as i l=—1
result of a method invocation) the composite model become :
the next model processed by MORE, and so on. i | new

Mewhdeeting

UML Class Diagram of the model of the personal agenda.
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V. AN EXAMPLE: PERSONAL AGENDA L L osave

A user interface model consists of a set of classes containin § § =
fields and operations the user can interact with. We have im : :
plemented a simple personal agenda application to show ho : - i
MORE works. Figures 2 and 3 show the Unified Modelling U \'
Language (UML) Class Diagram and Sequence Diagram o : : ;
the personal agenda model. The "UserLogin” class is the entr
point of the application; it consist of the "userName” string
field and the "login” method. Such a methods returns an in-
stance of the "PersonalAgenda” class. The "PersonalAgendalig. 3. UML Sequence Diagram of the model of the personal agenda.
class holds the status of the user (known-unknown), an array
of meetings, a method to add a new meeting. Each meeting
has a name, a date, a flag for confirmation and a time. Toperating system. The engine analyzes the properties (fields
"NewMeeting” class extends the "Meeting” class by adding af object) and the methods of the model and for each property
method for saving the data of the new meeting in the meetiifgsearches a run-time editor. If a suitable run-time editor is
Vector of "PersonalAgenda”. Given such a model, MORE iound, it is added to the frame. The developer can also provide
able to create concrete user interfaces and chain them withaasort "layout description” to the engine, in order to show

showy

appropriate event model (see figures 4, 5, 6, 7). editors in a certain order and to change the displayed name of
fields and methods (that usually have to follow certain naming
VI. USERINTERFACE GENERATION IN FAT CLIENTS conventions not suitable for the end-user presentation). If no

For fat clients, both the model introspection and the useditor has been found the property is displayed as a link.
interface construction are performed on client side. The reBy selecting such a link the user requests to re-iterate the
dering engine directly interacts with the user interface modeg&ndering process for the property object. Finally, for each
builds a concrete user interface in a frame for the actualethod the engine adds a trigger to the Frame (e.g, a JButton
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VII. USERINTERFACE COMPOSITION ONTHIN CLIENTS -
. . . . . save |
Since this kind of devices cannot load mobile code, tt Clsco st Secion

runtime generation of user interfaces relies on a two-tier
architecture. The remote tier creates a XML representation
of the model and sends it to the local tier. The local tierrig. 6. The agenda example rendered on a "high-end” HTML browser.
is a component installed on user’s device, receives the XML

representation, parses it, and generates a user interface on-the-

fly. for browsers with limited Javascript and CSS support (i.e.,
To-date, we have implemented local-tiers for iTV (MHP)Mini browsers bundled with PDAs); WML [6] for WAP-
PDA (PersonalJava), and smartphone (J2ME). The local-tRi#abled mobile phones and VoiceXML [7] for Interactive
assembles the concrete user interface according to devic@éce Responder.
specific "Look & Feel”; for instances, operations are rendered

as buttons on a PDA, while they’ll be soft-button menus on a ) )
smartphone. This way, the concrete user interface generated {8 [0t Of researches on the user interfaces have been carried
adapted and gets the best of device's characteristics. The lo@4t @bout the problem "how to generate multiple user inter-
tier sends back a XML document to remote tier specifyin§ices from a single model”. The model-based user interfaces
which next task has to be performed and the list of tHg @n important line in such branch. The starting model is

modified values of the fields in the actual user interface thdgually defined through visual tools able to generate task
must updated in the remote model. model. A "task model consists of a set of typed feature

structures, referred to as the task descriptions. Informally,
VIIl. XSL T RANSFORMATION FORWEB-LIKE CLIENTS a task description serves to specify a minimal amount of

> User login>Personal Agenda: andrea

IX. RELATED WORKS

The same XML representation sent from the remote tier to
local one about the thin clients is used by the Web-like clie
to generate a document in the mark-up language managed;
by the user browser. MORE uses a XSLT [4] processor whig s gz o s e
takes the XML representation of the current model and O iwun S i e
selected set of XSL style sheet and returns a mark-up langug N i EZT
document adapted for the actual browser. The browser o
identified analyzing the headers sent in the HTTP request & T
the set of XSL style sheets is selected according it.

We have identified three main tag-based clients: web, W/
and voice. Actually, MORE implementation supports fou
possible target languages: "high-end” HTML [5], for browsers

with complete Javascript and CSS support; "low-end” HTML Fig. 7. The agenda example rendered on a WML browser.
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information that is necessary in order to perform a specific clear mechanism to customize the user interface for a
task, and the conditions that have to be verified in order fgiven platform: developers need not only to define a layout
the execution of the task to be admissible.” [8]. The task terms of XY position whenever applicable, but also to
model is translated in text document written following awontrol the dimensions of widgets in terms of percentage
ad-hoc declarative language (often it is a XML documemtf the whole screen. The current implementation of MORE
with a custom structure). A processor parses the text aaddresses partially this aspect. In fact, a complete control of
composes the user interface. Pros and cons of model-badexluser interface presentation is a requirement that conflicts
user interfaces methodologies are discussed in [9], [10] awith the platform independency of user interface itself. A
[11] and a complete overview is available in [12]. MASpromising way to cope with this problem is to find a trade off
TERMIND ( [13] and [14]) is another tools and defines detween platform independent specification and full-custom
technique based upon the definition of three distinct modefgpecification. MORE has some drawbacks, mainly related
one about the functionalities available by means of the uderthe automatic association between model types and user
interface, another defines the presentation structure in terimigrface components, in fact, introduces some constraints that
of widgets and the third model defines the dialog in termanit a fine customization of user interface. Although the
of end-user interaction and how these affect the presentati@search about the generation of multiple user interfaces from
and the application. In our approach, we follow a differera single model groups a consistent nhumber of people and
idea based on the decoupling the model from a system thesources, a complete, effective and easy to use methodology
controls and shows it, as indicated by the MCV design pattetis.still to come.
Such model is developed using a high level programming

language (C/C++, Java, Smalltalk and so forth), differengl{y or Some G < blems in Ubiauitous _
_ : :1» M. Weiser, Some Computer Science Problems in Ubiquitous Computing,”
by the model-based approach. To solve the problem raise %Commumcaﬂons of the ACM, pp.75-84, 1993,

the first sentence of this paragraph, we join the MCV featurgs . A. Mayers and M.B Rosson. Survey on user interface programming.
to the Java reflection properties. An approach alike to the one Human factors in computing system. Proceedings SIGCHI'92, Monterey,

of Silica [15], although we have the necessity to expand tgg 1992.

. . . E. Gamma, R. Helm, R. Johnson and J. Vlissides, Design Patterns,
user interface environments. Naked Objects [16] and MORE addison-Wesley, 1995.

are two frameworks with some common aspects. Both of thd#h XSL Transformations (XSLT) Version 1.0, W3C Recommendation 16

: ; ; November 1999, http://www.w3.org/TR/xslt.
analyze a model realized from Java objects but Naked Obje HTML 4.01 Specification, W3C Recommendation 24 December 1999,

only on one channel (Java Swing) and the models must extend hitp:/mww.w3.org/TR/htmI401.
basic classes while in MORE they must be Javabeans [17][6] Wireless Application Protocol Forum, Ltd, Wireless Markup Language
Version 2.0, Wire-less Application Protocol WAP-238-WML-20010911-
a, 11 September 2001,http://www1.wapforum.org/tech/documents/WAP-
X. CONCLUSION 238-WML-20010911-a.pdf.
This paper has presented MORE, the Multichannel Objd@'} \oice eXtensible Markup Language (VoiceXML) version 1.0, W3C Note

REnderer, a framework aimed to write platform independepy o May 2000, httpgém;”'°rg/TR/¥f]'§exm" sk rodel
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