
Filling the gap between users and objects: a
multichannel interactive environment

Davide Carboni, Andrea Piras, Stefano Sanna, Gavino Paddeu
CRS4 - Center for Advanced Studies, Research and Development in Sardinia

Parco Scientifico e Tecnologico, POLARIS, Edificio 1, 09010 PULA (CA - Italy)
Email: {dcarboni, piras, gerda, gavino}@crs4.it

Abstract— The design and the implementation of software for
mobile computers and for pervasive computing environments
entail several issues and lead to new requirements. Applications
must handle at run-time the heterogeneity of delivery contexts in
terms of devices features, network bandwidth, input and output
modalities, operating systems, and so forth. In this paper, we
propose a practical approach for enabling platform independent
application development and on-the-fly generation of user inter-
faces based on object introspection and device adaptation.

I. I NTRODUCTION

The design and the implementation of software for mobile
computers and for pervasive computing environments [1]
entail several issues. Furthermore, software developers spend
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
initially developed for a traditional Web browser or running
in personal computers must often be re-implemented from
scratch in order to reach new terminals such as set-top
boxes, voice browsers and smartphones. It would be very
useful if a system could automatically generate an interface
by the analysis of an application logic and data models.
Unfortunately, such a system is still in the wish list of most
programmers. Yet development environments are aimed for
building applications whose execution contexts are known a
priori. For one, the Java programming language is aimed to be
platform-independent. Nevertheless at the time it was designed
the number of devices able to host a Java Virtual Machine
(JVM) was really small. Indeed, the slogan ”Write once run
anywhere” is today too optimistic and fails in its literal intent
and is meaningful only for classes of devices: the user interface
of an application based upon a component library like Swing
cannot be run on a device with a small footprint and few
hardware capabilities, like a WAP-phone. Moreover, there are
devices that cannot run a JVM at all or devices with mono-
dimensional input like voice. In this paper, we describe the
Multichannel Object REnderer (MORE), a framework able to
generate user interfaces from a reflective analysis of data and
Java code used for defining the application model.

II. D EVICE CATEGORIES

According to their physical features, we grouped devices
in three fundamental categories: fat clients, thin clients, and
web-like clients.

Fat clients are devices with high processing power and reliable
Internet connection. They are able to dynamically download
and run mobile code. Examples of fat clients are PCs, note-
books, tablet-PCs and workstations.
Thin clients are devices with limited power processing and
narrowband Internet connection. They can run custom applica-
tions but can not load and execute dynamic mobile code. Such
category includes Personal Digital Assistants (PDAs), hi-end
programmable mobile phones and set-top boxes for interactive
television.
Web-like clients are equipped with a third party browser and
they include low-end WAP-enabled mobile phones, Internet
kiosks and VoiceXML browsers.

III. A N OBJECT-DRIVEN CONCEPTUAL DESIGN

A way to manage the complexity in the design of plat-
form independent user interfaces is through the Model-View-
Control (MVC) design pattern [3]. Such a pattern decomposes
a system in a set of models that are strictly bound to the persis-
tent or transient data. The data are managed by the system and
shared with the user. For each model, the designer can provide
one or more user interfaces, the View-Control (VC) subsystem.
The VC part provides the user with a representation often
graphical of data objects and may also offer the possibility to
edit them. A peculiarity of device independent user interfaces
is that we can indeed define device independent models but
cannot define device independent views because views are
concrete ”interactors” and must be defined in terms of widgets
belonging to a specific toolkit, for example Java Swing. In our
approach, we have developed a framework for defining and
composing models. For instance, a string value is a model of
a text object and can be part of an enclosing model such as
the model of a form. Therefore, the composition of objects
can be transformed at runtime into a structure of concrete and
interactive objects by means of a ”rendering process”. In this
process, widgets (called run-time editors) such as text fields,
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.
Complex models are viewed as composite graphical objects
and the rendering process is applied recursively till atomic
interactors are obtained.



Fig. 1. Multichannel Object REnderer architecture.

IV. M ODEL 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 base
classes provided by the framework. Fields of these classes are
either ”composite model” or ”basic models”. Basic models do
not need to be decomposed to get a user interface for them.
Samples of basic models are strings, numbers, dates, and so
forth. By means of ”Java Reflection”, a model is inspected at
run-time to identify its data (fields) and the actions (methods)
the user may have access to. Depending on the current device
profile, a concrete view is built. Basic models contained in
the model under analysis are directly placed in the view while
composite models are represented by hypertext links. When
the user requires a representation of the composite model (i.e.
pushing on a button or clicking on a link or obtaining it as
result of a method invocation) the composite model becomes
the next model processed by MORE, and so on.

V. A N EXAMPLE : PERSONAL AGENDA

A user interface model consists of a set of classes containing
fields and operations the user can interact with. We have im-
plemented a simple personal agenda application to show how
MORE works. Figures 2 and 3 show the Unified Modelling
Language (UML) Class Diagram and Sequence Diagram of
the personal agenda model. The ”UserLogin” class is the entry
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 ”PersonalAgenda”
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. The
”NewMeeting” class extends the ”Meeting” class by adding a
method for saving the data of the new meeting in the meeting
Vector of ”PersonalAgenda”. Given such a model, MORE is
able to create concrete user interfaces and chain them with an
appropriate event model (see figures 4, 5, 6, 7).

VI. U SER INTERFACEGENERATION IN FAT CLIENTS

For fat clients, both the model introspection and the user
interface construction are performed on client side. The ren-
dering engine directly interacts with the user interface model,
builds a concrete user interface in a frame for the actual

Fig. 2. UML Class Diagram of the model of the personal agenda.

Fig. 3. UML Sequence Diagram of the model of the personal agenda.

operating system. The engine analyzes the properties (fields
of object) and the methods of the model and for each property
it searches a run-time editor. If a suitable run-time editor is
found, it is added to the frame. The developer can also provide
a sort ”layout description” to the engine, in order to show
editors in a certain order and to change the displayed name of
fields and methods (that usually have to follow certain naming
conventions not suitable for the end-user presentation). If no
editor has been found the property is displayed as a link.
By selecting such a link the user requests to re-iterate the
rendering process for the property object. Finally, for each
method the engine adds a trigger to the Frame (e.g, a JButton



Fig. 4. The agenda example rendered on a fat client, using the components
of the Java Swing library.

in the Swing implementation).

VII. U SER INTERFACECOMPOSITION ONTHIN CLIENTS

Since this kind of devices cannot load mobile code, the
runtime generation of user interfaces relies on a two-tiered
architecture. The remote tier creates a XML representation
of the model and sends it to the local tier. The local tier
is a component installed on user’s device, receives the XML
representation, parses it, and generates a user interface on-the-
fly.
To-date, we have implemented local-tiers for iTV (MHP),
PDA (PersonalJava), and smartphone (J2ME). The local-tier
assembles the concrete user interface according to device’s
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 is
adapted and gets the best of device’s characteristics. The local-
tier sends back a XML document to remote tier specifying
which next task has to be performed and the list of the
modified values of the fields in the actual user interface that
must updated in the remote model.

VIII. XSL T RANSFORMATION FORWEB-LIKE CLIENTS

The same XML representation sent from the remote tier to
local one about the thin clients is used by the Web-like clients
to generate a document in the mark-up language manageable
by the user browser. MORE uses a XSLT [4] processor which
takes the XML representation of the current model and one
selected set of XSL style sheet and returns a mark-up language
document adapted for the actual browser. The browser is
identified analyzing the headers sent in the HTTP request and
the set of XSL style sheets is selected according it.
We have identified three main tag-based clients: web, WAP
and voice. Actually, MORE implementation supports four
possible target languages: ”high-end” HTML [5], for browsers
with complete Javascript and CSS support; ”low-end” HTML

Fig. 5. The agenda example rendered on a thin client (PersonalJava on a
Compaq iPAQ).

Fig. 6. The agenda example rendered on a ”high-end” HTML browser.

for browsers with limited Javascript and CSS support (i.e.,
mini browsers bundled with PDAs); WML [6] for WAP-
enabled mobile phones and VoiceXML [7] for Interactive
Voice Responder.

IX. RELATED WORKS

A lot of researches on the user interfaces have been carried
out about the problem ”how to generate multiple user inter-
faces from a single model”. The model-based user interfaces
is an important line in such branch. The starting model is
usually defined through visual tools able to generate task
model. A ”task model consists of a set of typed feature
structures, referred to as the task descriptions. Informally,
a task description serves to specify a minimal amount of

Fig. 7. The agenda example rendered on a WML browser.



information that is necessary in order to perform a specific
task, and the conditions that have to be verified in order for
the execution of the task to be admissible.” [8]. The task
model is translated in text document written following an
ad-hoc declarative language (often it is a XML document
with a custom structure). A processor parses the text and
composes the user interface. Pros and cons of model-based
user interfaces methodologies are discussed in [9], [10] and
[11] and a complete overview is available in [12]. MAS-
TERMIND ( [13] and [14]) is another tools and defines a
technique based upon the definition of three distinct models:
one about the functionalities available by means of the user
interface, another defines the presentation structure in terms
of widgets and the third model defines the dialog in terms
of end-user interaction and how these affect the presentation
and the application. In our approach, we follow a different
idea based on the decoupling the model from a system that
controls and shows it, as indicated by the MCV design pattern.
Such model is developed using a high level programming
language (C/C++, Java, Smalltalk and so forth), differently
by the model-based approach. To solve the problem raised in
the first sentence of this paragraph, we join the MCV features
to the Java reflection properties. An approach alike to the one
of Silica [15], although we have the necessity to expand the
user interface environments. Naked Objects [16] and MORE
are two frameworks with some common aspects. Both of them
analyze a model realized from Java objects but Naked Objects
only on one channel (Java Swing) and the models must extend
basic classes while in MORE they must be Javabeans [17].

X. CONCLUSION

This paper has presented MORE, the Multichannel Object
REnderer, a framework aimed to write platform independent
user interfaces and the architecture that performs on-the-fly
user interface generation. The framework provides immedi-
ate and significant advantages. MORE makes ”design once,
display anywhere” closer to reality. A programmer solely
has to write the model in Java and the reflection of Java
code allows extracting the structure of Java types and our
system uses this structure to generate a user interface. The
model then can be deployed on any device for which there
is a rendering engine. MORE is easily extensible as new
devices categories emerge. So as technology evolves, it is
not necessary to rewrite the user interface but simply to
adapt the rendering engine to this device category. To-date,
there are eight different implementations of rendering engine,
ranging from desktop workstations to mobile phones, PDA
and voice-based interactors. MORE has been developed at
CRS4 and adopted as framework for the development of multi-
channel applications in the e-MATE project [18], co-funded
by the University and Scientific Research Ministry of the
Italian Government. The developers that have used MORE
have given us valuable feedback and interesting comments
about how the system should be improved to become really
effective in the design of user interfaces for industrial ap-
plications. Among these suggestions, MORE should provide

a clear mechanism to customize the user interface for a
given platform: developers need not only to define a layout
in terms of XY position whenever applicable, but also to
control the dimensions of widgets in terms of percentage
of the whole screen. The current implementation of MORE
addresses partially this aspect. In fact, a complete control of
the user interface presentation is a requirement that conflicts
with the platform independency of user interface itself. A
promising way to cope with this problem is to find a trade off
between platform independent specification and full-custom
specification. MORE has some drawbacks, mainly related
to the automatic association between model types and user
interface components, in fact, introduces some constraints that
limit a fine customization of user interface. Although the
research about the generation of multiple user interfaces from
a single model groups a consistent number of people and
resources, a complete, effective and easy to use methodology
is still to come.
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