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Abstract

The SEFAGI project (Simple Environment For Adapt-
able Graphical Interfaces) aims at designing an architecture
to adapt applications to multi-terminal environments. Our
main objectives are: (i) allow the end-users to describe their
user interfaces and automatically generate the entire corre-
sponding code and (ii) make the code generation adaptable to
any kind of Java-enabled terminal. Our generator currently
allows the generation of user interfaces for three types of
target platforms: standard terminals, limited mobile terminals
and high capacity mobile terminals. This led us to define a
language for describing the target platforms, independently
from windows descriptions. New platforms are thus easier
included.
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1 Introduction

Nowadays users want information to be available eve-
rywhere, at any time and on any terminal. Pervasive informa-
tion systems aim at answering these requirements (Birnbaum,
1997). This implies the introduction of mobile terminals with
heterogeneous hardware and software capabilities. Moreover,
each user would like to have a customized application.

In particular, the medical domain presents many situa-
tions where mobility is a key factor, or the professional, and
thus also for the data and services required. Getting a medical
record, accessing a drugs database or any other kind of in-
formation is of great interest for all care practitioners, when
he/she is out of office (for example when visiting a patient at
home). The provided user interface should not be the same at
all places and for all terminals.

User interfaces development requires a high percentage
of the entire application development time (Myers et al,
1992). In the new pervasive information systems, this consti-
tutes an important bottleneck: the problem grows as the num-
ber of terminal types increases. The number of required user
interfaces grows with the number of end-users too. That is
why works on automatic generation of user interfaces code
(or part of it) are numerous today. They are of great interest
in pervasive systems.

In this paper, we present our work on the adaptation of
user interfaces to different types of terminals. We also show
how we simplify the creation of many user interfaces. To
reduce the necessary effort for the construction of user inter-

faces, we have decided to involve end-users very early in the

process: end-users describe themselves the windows they

require. The SEFAGI environment permits:

e the description of expected user interfaces based on an
abstract window description language,

e the description of target platforms based on a platform
description language,

o the automatic generation of windows code using the pre-
vious descriptions.

Platforms descriptions provide technical information that
requires the knowledge of a computer scientist. Once a plat-
form has been described, it can be used for the generation of
any window for this platform. Abstract windows descriptions
can be made by end-users themselves: it is a rapid and simple
description. Any end-user can then run the generator that
builds autonomously the entire window code for selected
platforms. Our work has concerned the definition of the two
description languages and the design of the generator.

After presenting a rapid overview of the SEFAGI pro-
ject, we introduce related works in user interfaces generation.
We then present in details the SEFAGI architecture, our ab-
stract windows description language and our platform de-
scription language.

2 Quick overview of the SEFAGI project

The SEFAGI project (fig 1) aims to design and build a
platform that allows users with different terminal types to
access the same application services. In SEFAGI end users
describe application windows using our abstract XML de-
scription language. This language (described later) is not
much detailed so that descriptions are easy and rapid to write.
Moreover, users don’t really write abstract descriptions: a
graphical assistant offers an interactive design process and
hides the language syntax. To design a window, the end user
chooses in one click a group of graphical components (a
standardized SEFAGI panel) in a library. He then links it to a
service by navigating in the services repository. On the other
side, platforms descriptions are provided by computer scien-
tists. Such descriptions are made using our XML grammar.
An implementation of abstract basic graphical components
also has to be provided for each platform. SEFAGI automati-
cally generates the code of each interface, including its pres-
entation and its behavior. Code is entirely written for each
window and for each platform.

In this kind of projects, the underlying technologies have
an impact on technical solutions and proposed architectures.
We have chosen applications made of distant web services



and Java user interfaces. The interests of web services are
now well known: they allow the use of decoupled compo-
nents, interacting in an easy way with a standard protocol.
Using Java-based user interfaces allows building highly in-
teractive interfaces, unlike web interfaces.

Generated interfaces are executed on terminals in a dedi-
cated runtime environment. Each type of platform requires a
different runtime environment code, as it depends on the
available platform API. Platforms descriptions are used to
build automatically the code of the runtime environments.
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Figure 1 General presentation of the SEFAGI project

3 Related works

We can find several user interfaces description lan-
guages in the literature. UIML (Abrams et al, 2002) which is
based on presentation domain and dialog models to describe
the graphical components of the user interface, the data dis-
played to the user and the human computer interaction be-
tween the interface and the user. TIDE is the design tool used
to describe UIML user interfaces. Then LiquidUl generates
the source code of these interfaces. AUIML (Calvary et al.,
2003) which is a derived language from UIML that separates
data from display components. AUIML Visual Builder gen-
erates user interfaces based on the AUIML language. The
target terminals of these builders are Standard PCs. SunML
(Pinna-Dery et al, 2002) is another language based on UIML
that focuses on the business objects that the interfaces inter-
acts with. It offers advanced operators to compose and pro-
ject SunML user interfaces to many target concrete lan-
guages (HTML, C++, VoiceXML...). XIML (Puerta, 2002)
and USIXML (Coyette et al., 2005) focused on modelling all
the aspects of a user interface: its interaction with the user, its
presentation, the tasks that it accomplishes, the data that it
siplays and the target platform where it will be diplayed.
These languages offer rich and thorough descriptions of
Multi-Platform user interfaces but the big amount of the re-
quired details and the complexity of their modes considera-
bly reduce their utility. PlasticML (Rouillard, 2003) tries to
reduce the complexity of the existing languages by separat-
ing interface and non-interface code. The designers of Plas-
ticML provided a tool (plastic ML toolkit) to facilitate user
interface rapid prototyping. This tool can provide only web-
based user interfaces.

As a conclusion, we can say that there are many sound
contributions to multi-platform web based user interface gen-

eration domain like PlasticML and the W3C recommendation
XForms (Raman, 2004). They provide a very degree of plat-
form independence. The Teresa (Mori, 2004) project goes
beyond logical user interface description and adds task mod-
els to describe the activities that the interface will support
before building its code.

Despite such rich and solid contributions, there are few
solutions for the automatic generation of object-oriented
user interfaces. In fact, object oriented interaction program-
ming is very different from web based scripting. The design
of the user interface, their interaction with the user and with
application’s services is based on more complex object-
oriented formalisms (aggregation, inheritance...). These user
interfaces provide more sophisticated interactions and more
comfortable data exploration.

Moreover, few projects externalize platforms descrip-
tions from windows description. Consequently window de-
scriptions become long and fastidious, and cannot be made
by end-users. Secondly, the defined languages to model user
interface components present a very fine granularity. The
user has to describe all the properties of each component in
the user interface and their entire hierarchical organization.
This constitutes a problem when we want to help non-
computer experts to describe and generate user interfaces. In
this paper, we present a simple and comprehensive user inter-
face language and a platform description language to auto-
matically generate user interface for multiple platforms.

4  The SEFAGI generator

4.1  Architecture of the generator

The generator architecture can be decomposed into two
layers: a generic layer that contains platform-independent
components and a specific layer that depends on the target
platforms, as presented on fig. 2.

The generic layer is mainly composed of the generator
and languages to describe platforms and windows. These
languages are XML DTDs. They are described later in this
paper. Abstract windows descriptions are also totally inde-
pendent from target platforms. They are in the generic layer.
Our generator includes two modules: the generator of run-
time environments and the windows generator. The runtime
environments generator takes as input the specific vocabulary
of a platform and builds automatically and entirely the code
of the corresponding necessary classes to run the generated
windows. This is done once for each new platform descrip-
tion. The windows generator takes as input the description of
a window and the description of each platform to build auto-
matically and entirely the window codes adapted to the target
platforms.

The specific layer contains XML descriptions of plat-
forms. They are used as input for the generic generator. The
generated codes for windows and runtime environments are
also at this specific layer: they constitute the generator out-
put.
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Figure 2 Architecture of the SEFAGI generator

4.2 Structure of the generated codes

The SEFAGI generator has first been developed sepa-
rately for three categories of terminal: standard terminals,
limited mobile terminals (CLDC profile, like smart phones)
and mobile terminals with higher capacity (CDC profile, like
PDAS). This has allowed us validating the generated codes. It
also helped us designing the final generator and the platform
description content. To design our final generator, the main
work was to study and refactor our existing generators. This
study allowed us to define a common architecture based on
the platform-dedicated runtime environments and the gener-
ated user interfaces codes. The following sections introduce
the results of this work by presenting the organization of
these generated codes.

We have defined a generic abstract structure for the run-
time environment codes. This common structure is based on
five layers. SEFAGIComponent corresponds to elementary
graphical components like checkBox, MultilineText, and so
on. Each graphical component in this generic library has an
implementation in each platform APl (eg a command
SEFAGI component corresponds to a button on a standard
PC and to an item in the right menu on a smart phone).
SEFAGIPanel defines panels as groups of components that
allow the manipulation of coherently grouped data (we have
defined six panel types, like a table panel that allows for the
manipulation of matrices, an image panel that permits to
browse images, a command panel that asks for some services
executions...). SEFAGIWindow is an abstraction of a gener-
ated window. SEFAGIMainContainer provides the facilities
to display and navigate between the graphical entities of a
window. SEFAGIMainWindow is the main program provid-
ing facilities to navigate between the different available win-
dows. This generic structure has been applied to all plat-
forms. It has been used as a basis for the design of the plat-
forms description language.

Windows code is generated from abstract windows de-
scriptions. We have chosen to write the code according to the
MVC standard structure. Each window code is divided into

three classes. The Model class manages user identification
and the dialogue with Web services. The View class includes
the definition of the graphical components of the user inter-
face, their initializations, setters and getters. The Controller
class includes events management and transmission of ser-
vices calls.

5 Languages for windows and platforms
descriptions

51 Abstract windows description

User interface descriptions are often very heavy because
of the huge quantity of details required to specify all parame-
ters of each widget (size, position, color, events...). This is
due to the low level description of reusable components. In
this work, we have defined a higher level of reusable compo-
nents called panels. A panel contains a set of grouped wid-
gets that assures a typical functionality. Panels have been
defined after practical user interfaces studies on the medical
domain and we think they can answer many domain needs.
Nevertheless, new panel descriptions can be added for spe-
cific needs. We have defined and implemented six panel
types. The table panel type ensures capturing and presenting
data in a grid. The text panel type ensures capturing and pre-
senting a multi-line text. The graphic panel type presents
graphs or histograms for 2D values. The image panel type
shows a list of images and the selected image. The video
panel type shows a list of videos and plays the selected
video. The command panel allows executing actions on pan-
els.

Each panel is associated to Web services that allow to
fill in the panel widgets or to update data from end-user cap-
tures. A window is thus defined as a list of panels. A panel is
composed of a list of widgets which are associated to Web
services input/output data. When a Web service is associated
to a panel type, each input/output data is automatically asso-
ciated to a panel widget.

We have chosen to use an intermediate internal format to
store windows descriptions. This Abstract Window Descrip-
tion is platform-independent: different codes for the different
types of terminals will be written for an AWD. This interme-
diate format is based on XML. The XML file describing a
window can be reused to create new windows or to update a
window that requires modifications.

The AWD generates documents that are smaller than
other description languages that one can find in the literature.
Many implementation details are not provided in AWDs as it
remains at an abstract level. The interface rendering on the
screen is not specified. This is an advantage for new win-
dows construction as it guarantees efficiency (descriptions
are rapid and the designer does not get lost in details) and
consistency (no risk for widgets to overlap for example). But
it can also be seen as a drawback: generated panels are “pre-
formatted” and cannot be highly personalized. But the advan-
tages it provides have largely covered this restriction in the
case studies that we have done. The structure of windows



descriptions corresponds to the UML class diagram provided
on figure 3.
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Figure 3 UML class diagram for AWD

A window has a name, a title, and is composed of a set
of panels. A panel has a unique id in the window, a title, a
graphical components set, and a set of services used to feed
its graphical components. A default service is used to fill the
panel when shown. A service has a set of parameters (input
and output description), an id, an access point (name, server
and port). Each parameter may have a default value, con-
straints (e.g. min and max), and a location. The location indi-
cates in which other component its value should be read
(group and specific references). A component has a unique
id, a name, a type (among all available widgets; these wid-
gets may have values restrictions, e.g. date, number).A com-
ponent may also be editable and visible. The action element
allows defining which service should be called when the
element is validated (e.g. button click).

5.2 Platforms description

Describing target platforms in a dedicated document has
two advantages. The platform description is not included in
windows descriptions, so that these windows descriptions are
simpler. The platform description is not embedded in the
window code generator, so that adding new platforms is eas-
ier, and maintaining the generator or making it evolve is also
more convenient.

A platform description is written according to three fac-
ets: the logical facet, the behavioral facet and the physical
facet. This directly comes from the windows components
usual decomposition that defines these three structures: a
logical structure describing the composition of elementary
entities, a behavioral structure defining the interaction be-
tween these different entities, a physical structure defining
their layouts on the physical screen. This separation simpli-
fies the description of a platform. The following subsections
explain the three structures.

521 Logical Structure

The logical structure represents the hierarchy of the dif-
ferent graphical entities and their properties which will be
used in each platform. The logical structure is composed of
one or more "SEFAGIEntity" entities and each entity can be
composed of several entities. Each entity is characterized by
3 attributes: its name, its superclass in the SEFAGI libraries
and its properties. Figure 4 provides the corresponding UML
class diagram and an example.

<SEFAGIEntity name="TextPanel" superClass="SEFAGIPanel">
<properties>
<property name="textBox" type="javax.microedition.lcdui. TextBox"/>
<property name="title" type="java.lang.String"/>
</properties>
</SEFAGIEntity>

SEFAGIEntity Property
name *|" name
superClass ’.— type
) ‘J

Figure 4 Logical structure of a platform description

5.2.2 Behavioral structure

We describe in the behavioral structure the behavior im-
plementation of the different entities defined in the logical
structure: instantiation, initialization and methods of the
SEFAGIEntities. The behavioral structure defines for each
entity its constructors and methods. An entity has a name and
an implementation class. A method is described by its inputs
and outputs, and also by a few code lines if necessary. This is
shown on figure 5.

< BehavioralStructure>
<SEFAGIEntity name="SEFAGIPanel">
<method name="setData" type="abstract">
<input>
<variable name="data" type="java.util. Hashtable"/>
<finput>
</method>

</SEFAGIEntity>

</BehavioralStructure>

SEFAGIEntity .‘ N Method output | \/ariable
name 0.1 Thame
type type

-4

Constructor Input

name

{type=null}

{output=null} <<abstract>>
Instruction MethodCall

‘ object

Instanciation methodName

object

className iti
Loop Conditional

: type type
returninstruction expression expression

Figure 5 Behavioral structure of a platform description



523 Physical structure

The physical structure defines the layout of the different
graphical components. This layout follows some adaptation
rules according to the target platform. This physical structure
should depend on the output of the service that is in interac-
tion with the window. Moreover, in small devices, multi-line
results are decomposed in different screens, and the set of
necessary screens constitute the window. The physical struc-
ture provides the layout of entities. It defines the number of
necessary screens to show an entire complex component (i.e.
SEFAGIPanel). Depending on the number of lines answered
by the invoked service, the panel may be presented in a dif-
ferent manner. When necessary, navigation betweens screens
of a window are defined. Each component also has an action
to do when activated by the end-user. See figure 6 for an
example and the UML class diagram of a physical structure.

<PhysicalStructure>
<SEFAGIPhysicalEntity name="TablePanel">
<monoLineResult>
<screen id="1">

</screen>
</monoLineResult>
<multiLineResult>
<screen id="1">
<screenComponent name="ChoiceComponent" occurs="many">
<componentPosition type="default"/>
</screenComponent>
<Interaction>
<NavigationBetweenWindow>
<Command name="buttonExit" class-
Name="javax.microedition.lcdui.Command"/>
</NavigationBetweenWindow>
<NavigationBetweenPanel/>
</Interaction>
</screen>
<screen id="2">

</screen>
</multiLineResult>
</SEFAGIPhysicalEntity>
</PhysicalStructure>
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Figure 6 Physical structure of a platform description

5.3 Conclusion on description languages

The window description language that we have defined
is very different from languages that we can find in the litera-
ture. It is much less verbose, and so creating a new window
is much more rapid. On the other hand, it has many limita-
tions on personalization. For example, it does not allow mak-
ing much modification on the lookout of generated interfaces
(widgets layout, coloring and so are predefined).

The platform description language defined here has been
validated on three different java based platforms: J2SE,
J2ME and SuperWaba. Our language is generic enough to
manage any java platform.

6 Case study

In this case study, we present a window that contains

three panels : the first is a table panel showing patient file id,
dialysis type and mode, date of the patient’s record creation
and of its last modification, name and first name of patient.
The second is another table panel which presents a tempera-
ture data list of the concerned patient. The third is an image
panel.
Figure 6 shows a SEFAGI generated window for a peritoneal
dialyse medical application on standard PC. Figure 7 presents
the same window for mobile terminals. On the standard
screen, we can see the execution environment that manages
the generated windows. A menu bar in the upper part of this
window provides the list of the available windows in this
medical application for the current user. This menu bar is
translated as a root window on the mobile terminal. The first
table panel, which presents general information on the treat-
ment of a dialyzed patient, is shown as a matrix on the stan-
dard screen containing only one line. As it contains only one
line, it is shown as a vertical list of items on the small screen.
The second panel is shown as a matrix on the large screen. It
is decomposed into two windows on the small screens: the
first provides the first the dates when temperature has been
measured; the second provides the line corresponding to the
temperature value according the selected date, with a vertical
disposition of items. The third panel is an image panel pre-
senting medical images concerning the same patient. It is
decomposed into three windows, one for each component.
The small screen interface generates many windows and thus
many navigation means. All navigation facilities are auto-
matically computed at code generation.

7 Conclusion and perspectives

In this paper, we have presented the SEFAGI architec-
ture which aims to provide a simple and convivial solution
for the generation of Java multi-terminal user interfaces.

This study led us to define a language for the abstract
description of windows, and a language for the specification
of platforms. We also have designed the prototype of a gen-
erator that allows for the complete generation of user inter-
faces and runtime environments based on windows descrip-
tion and platforms descriptions. The structure for the plat-
forms description is generic (not dedicated to a specific plat-



form, as one can see in the literature) and is organized in
three axes. The logical structure defines the hierarchy of the
various graphical entities used. The behavioral structure de-
scribes the actions on and behavior of the various graphical
entities defined in the logical structure. The physical struc-
ture provides the layout of the graphical entities on the ter-
minal screen. The generic DTD that has been designed for
the description of any platform helps to add new types of
terminals and virtual machines to the SEFAGI generator eas-
ily.

Among the perspectives of our work, we intend to de-
velop the generator. Today we have only developed and vali-
dated three distinct generators for the three target platforms
we have selected. We also intend to define a graphical assis-
tant for the creation of platforms descriptions. Moreover,
techniques of reverse engineering could be used to extract
the description of the available graphical entities in each API.

The use of ontology for the description of platforms
should provide more expressiveness than the use of a simple
XML grammar. We intend to study the advantages and the
overhead induced by such ontology.
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Figure 7 A SEFAGI generated window for standard PC screens
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