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Abstract. One of the next challenges in research on Human Com-
puter Interfaces (HCI) is to give users the means to perceive and
manipulate easily huge quantities of information in the minimum
amount of time. Intelligent User Interfaces (1Ul) have been proposed
as a means to solve this problem. The intelligence in the interface
makes the system more flexible and more adaptable. One subset
of 1UI is adaptive interfaces. An adaptive interface modifies its be-
haviour according to some defined constraints (technical, psycho-
sensory and user-defined ones) in order to best satisfy globally al
of them. In this paper we introduce the concept of fluid interfaces, a
particular kind of adaptive interface on which the flow of information
composes itself smoothly without any predefined fixed pattern but
according to several parameters. We introduce the problems raised
by self-composition in user interface, then describe our proposition
of an agent architecture to achieve fluidity. Information is modelled
through agents that negotiate according to technical, psycho-sensory
and user-defined constraints in order to compose a dynamic display.
We detail a prototype that validates the model and introduce a Euro-
pean project which is derived from the model and tackles industrial
applications.

1 INTRODUCTION

More powerful hardware combined with its constant decreased cost
brings about new needs and expectations from users. Henceforth
userswill still want efficient tools but also toolsthat are user-friendly,
interactive, co-operative and smarter [6, 19]. Thus, quite a substan-
tial amount of HCI research and development during recent years has
focused on multimedia interfaces - with or without intelligence - in
different domains such as document presentation, pilot’s assistants,
intelligent training or help to disabled people [3, 8, 9]. The most
worthwhile feature of multimedia interfaces is of course the avail-
ability of severa mediato present information. It is particularly im-
portant where there is a need for different communication channels
between an application and its users. So, more suitable presentations
of information in different communication situations are possible.
IUl is an active field in which works are quite widespread and di-
verse [13, 24]. Research that aimsto propose adaptivity, variesin the
ways and means used to achieve adaptation. For example, the Intelli-
gent User Interfaces group at DFKI, the German Research Center for
Artificia Intelligence, uses a Knowledge-Base Systems (KBS) ap-
proach in automated multimedia authoring and multimedia presenta-
tiontools[2, 1]. [20] describes a dynamic news and email display. In
this work, a design solution is considered as an emergent behaviour
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of acollection of active design agents, each of which being respon-
sible for the presentation of a particular element of information. [21]
presents the concept of plastic interfaces which areinterfacesthat are
able to adapt themselves to the constraints of the hardware and of the
environment.

We introduce in this paper the concept of fluid interfaces, a parti-
cular kind of adaptive interfaces. A situation, arrangement or idea
that isfluid, does not have any fixed pattern or structure and is likely
to change often. Furthermore a fluid movement is relaxed, smooth
and graceful. In the same way, a fluid interface is an interface on
which the flow of information composesitself smoothly without any
predefined fixed pattern but according to the current state.

Inindustrial HCI, operators, system and context are continuously
changing and are sometimesin contradiction with one another. Thus,
thiskind of interface can be viewed asthe result of a balance between
these three components and their changing relative importance. Our
approach considersthat such an interface can be modelled asamulti-
agent system. The agents negotiate with one another to compose in-
formation on what we call the Interface Representation Space (IRS).
The IRS is the union of al the physical output devices available to
display information to users, for instance several screens and loud-
speakers. Asthe importance of the agents changes according to mod-
ifications in the constraints, the composition evolves to keep repre-
senting the balance of each agent’s point of view.

2 THE COMPOSITION PROBLEM
2.1 Background

The aim is to propose a model for a fluid interface in which flows
of information are composed dynamically and smoothly, allowing
usersto visualize and manipulate them easily. Thus, the composition
function takes flows of information as input and gives a particular
organization of these flows of information as output (figure 1), taking
into account :

1. A model of the system which has produced the information. This
model gives the semantic and pragmatic knowledge about the in-
formation. This knowledge is used in the calculation of the rele-
vance of each flow of information.

2. A model of the user, decomposed in two parts:

e The definition of general human psycho-sensory rules.
o A profile of user-defined preferences.

3. A model of output mediaand modalities which is used to find the
most relevant way to display a piece of information.

4. A model of the IRS along with the resources currently available to
choose the means to display information.



5. Thereactions of the user to what is presented to him.
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Figurel. Thecomposition process

In this paper, we particularly consider two pointsin adaptive com-
position:

1. The selection of the most appropriate pieces of information based
on the system model and possibly on the user model.

2. The choice of the most relevant way to display them according
to available resources, the IRS model, the user's model and the
output media and modalities model.

2.2 Composition Requirements

To design the model s needed in the composition process, we consider
and analyze three types of composition requirements: constraints,
style and preferences.

2.2.1 Constraints

Constraints are the rules necessary to produce meaningful composi-
tions. In multimedia applications, these rules can be numerous and
not easy to formalize [4, 7]. In the following, we present some of
them that are simple and have already been integrated into our exper-
imental model.

1. Technical constraints. They give the limits for the technical means
used for presentation. They are described in the IRS model. For in-
stance, a screen and a sound output apparatus form the IRS. These
two devices can be divided into channels in which information is
brought to be displayed. A simple technical constraint is that two
pieces of information cannot occupy the same channel at the same
time.

2. Psycho-sensory constraints. They deal with the capacity of the
usersto perceive and get information that is presented. Therearea
lot of possiblerules. Most of them have to be given by an expert of
thisfield but afew are common sense. For example, awindow dis-
playing an important piece of information should not be covered
by another window which displays alessimportant piece of infor-
mation. We present below three examples of these constraints:

e Spatia stability. A piece of information should not move very
much and suddenly on the screen without good reasons.

e Time stability. The information must stay long enough to be
consulted by the users. This minimum time is called the Se-
mantic Critical Section (SCS). The SCS can vary a great deal
according to the type of information and according to the con-
text.

e Semantic consistency. It deals with the meaning associated by
the users to what they see or hear. For example:

— Dynamic semantic consistency. Several pieces of information
can be presented either in succession or simultaneoudly. |If
they are presented simultaneously, they will be interpreted
by users as representing simultaneous phenomena. If they are
presented in succession, they will be interpreted by users ei-
ther as being semantically in succession, or being simultane-
ous, according to the context and the convention of style. For
instance, an alarm is displayed and after this the schema of the
system where the alarm occurred.

— Static semantic consistency. When several semantically linked
pieces of information are presented at the same time, their
combined meaning should be respected. For example, related
pieces of information should be placed close to one another,
in order to emphasize their link and to ease the general under-
standing. For instance, in the case of the alarm and schema ex-
ample of the previous paragraph, the schema should be placed
close to the alarm.

e Comfort constraints. They take care of the media and semantic
workload of the users. For example:

— Avoid static (too many pictures at the same time) and dynamic
(two many pictures in succession) complexity.
— Present several perspectives of the same piece of information.

222 Syle

Style is in our work one particular predefined way information
should be displayed. As in the Model-View-Controller framework
[12] where the view is separated from its modedl or as with XML
and XSL [22, 23] where information is separated from the way it is
displayed, several different styles can be associated with one set of
information. Style should facilitate the users's understanding and in
so far asit can be useful for the objectives, should bring about per-
spectives concerning aesthetics. The style is expressed in the type of
pictures (colors, angles, etc.), of sounds and in the way information
isarranged or arrangesitself on the IRS.

2.2.3 Preferences

Whatever the kind of interface, the users should have some way to
customize it to their needs. Moreover, from a psychologica point
of view, the users should have somehow some kind of control over
the interface especialy if it is self-adaptive, thus less predictable and
seemingly less under their control. So, the users should be able to



give semantic preferencesi.e. preferences about the information that
is the most important for them, preferences on the style, and so on.
For instance, in acontrol room an operator may want to favour sound
media sooner than a graphical representation for a particular alarm.

3 ANAGENT ARCHITECTURE FOR FLUID
INTERFACES

We adopt a multi-agent approach. Indeed, the theoretic background
of agent-oriented systems seems well-suited to propose interesting
solutions for some kind of complex systems[15, 14]. This approach
seems particularly suited to fluid interfaces. In fact, a fluid interface
has to remain adapted to the dynamic evolution of the constraintsand
preferences of users. Furthermore, it seems quite natural to achieve a
smooth composition of information through the agents' local negoti-
ation and decision. The result composition emerge from the agents’
interactions [16, 17].
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Figure2. Agent architecture

The architecture is composed of the agents described below that
are modelled as BDI (Belief-Desire-Intention) agents [5, 11]. The
numbers between parenthesis in the text refer to the numbersiin fig-
ure 2. They correspond to the functiona steps of the composition
process. However, since several pieces of information are present at
onetimein different states, the composition processis not sequential.
The different agents work in paralle :

e User Agent (UsAg). This agent takes into account the users
wishes and preferences that form its beliefs (1). Its main goal is
to answer the Media Agent’s requests (5). Its plans consist in an-
swering these requests and vary according to the exact content of
each request.

e Information Handler Agent (InfHandAg). This agent receives
the information from the underlying system and from application
processes (2). Its goals and related plans are to filter pieces of
information and have them queue up according to system defined
priorities and relevance (contained in a knowledge base). Then, it
forwards these pieces of information with their relative priorities
and relevance to the Media Agents (3). From a technical point
of view, this agent also ensures some independence between the
whole implemented architecture and the system. In fact, it is the
only agent that communi cates directly with the underlying system
and is very similar to the facade design pattern [10].

e Media Agents (MedAg). Each piece of information is endowed
withaMediaAgent. The piece of information and itsrelated infor-
mation constitutes its beliefs. Its main goa is to have its piece of
information displayed by the Presentation Agent. Thus, it negoti-
ates with the other Media Agents and the Context Agent to obtain
a channdl to express it (4,5,6). The constraints exposed in 2.2.1
(contained in the User and Context Agent) and the system defined
priorities and relevance embedded in the Media Agent permit the
calculation of the relative importance of a piece of information.
Thisvaueisused in the negotiation asit is explained in 4.2.

e Context Agent (ContAg). The Context Agent provides Media
Agentswith channels on the basis of a negotiation as explained in
the previous paragraph. Its beliefs are formed by the available re-
sourcesand technical constraints specific to the current IRS. When
achannel is alocated to a Media Agent, the latter gets in contact
with the Presentation Agent to have theinformation displayed (7).

e Presentation Agent (PresAg). the Presentation Agent’s goals are
to fulfil the presentation (8) and to maintain the knowledge of the
Context Agent concerning the available resources of the IRS up-
to-date (9). Thus, it is endowed with plans to fulfil the display and
to inform the Context Agent of the change on the IRS.

4 A PROTOTYPE: ACHI
4.1 General Overview

ACHI stands for Adaptive Car Human Interface. ACHI iswritten in
Java. It is a prototype developed to validate the agent architecture
presented above. Its aim is also to study experimentally fluidity in
multimedia industrial interfaces. It simulates some of the pieces of
information that can appear on a car dashboard, windscreen and rear-
view mirror. A screenshot of the applicationis presented in 4.

The application is composed of four visible parts:

1. Thewindow which alowsto start, suspend or resume the simula-
tion, is placed in the top left-hand corner.

2. Below the previous window, there is a window used to display a
log file of the system.

3. Inthe bottom left-hand corner, thereis a control panel that allows
for the adjustment of the parameters of the simulation. Thisisthis
way the users has some influence on the agents negotiation. It will
be developed further in 4.2.

4. ThelRSisasguarethat can bedivided up into four channels. Sev-
eral combinations of the occupation of the channels are possible

®).

4.2 Negotiation Policy

Each piece of information is characterized by animportance (). This
importance is a calculated value that depends on six parameters. The
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Figure4. A screenshot of ACHI
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Two of these parameters are associated with each type of informa-
tion in the simulation and cannot be changed at runtime:

1. The relevance (R) of the considered type of information in the

system. For instance, it has been decided that for the driver the

speed of the car seems a more relevant piece of information than

the temperature of the engine. So, the speed has a higher relevance

value than the temperature.

. The variety (V) is the result of a computation which takes into
account the time some information has been presented or has been

waiting for presentation to enhance or decrease its importance.

The four others are modified in real-time by the users through the
user’s parameter adjustment windows (figures 3 and 4) :

e The preference (P) is defined by the users for each piece of infor-
mation. The users changes it with the six last sliders of the win-
dow.

The preference coefficient (PCoef) and the relevance coefficient
(RCoef) are both modified with the second dlider. In fact, this
slider allows the users to determine which one between the pref-
erence or the relevance is the most influential on the value of the
importance.

The variety coefficient (VCoef) is adjusted with the first slider
of the window. This parameter determines whether a piece of in-
formation should change localization and means of representation
often.

Given the importance of &l pieces of information, the negotia-
tion policy consists in defining how they will dynamically share the
channels. We have introduced a metrics on the channel that is part of
the beliefs of al the Media Agents. This metrics orders the channels
with the idea the bigger the best which isa part of the Media Agents
desires. As a consequence, the most important piece of information
requeststhe bigger channel. When several pieces of information have
the same importance, they share the IRS using different channels of
the same interest. A simple way of proceeding has been defined to
start with using ametrics that is applied to the channel. If we accept
the presence of an empty channel [ ], this metrics considers that the
channels present the structure of alattice, with

[ABCD] > [AB],[AC), [BD], [CD), .. > [Al, B],[C], [D] >([2 ])
A Media Agent M; wants a channel aready used by another Media
Agent M;. M; sends a message to M; to initiate a negotiation with
the aim of obtaining the release of the channel currently used by
M;. The message comprises the importance value of the piece of
information. M; recalculates its importance by consulting the User
Agent to know whether some parameters values have changed. Then,
it comparesits importance value with the one sent by M; (stages4 to
6 infigure 2). Threereactions are possible:

1

ValueO f(Importancen,;) > ValueO f(Importancen;)
©)
M; leaves its channel and asks the Context Agent for another
channel. For instance, M; is currently using [AB] and M; wants
this channel. M; releases [AB] and M; tekes it. M; asks for an-
other channel and obtains[C] that is currently free and compatible
with M;’s needs.



ValueO f(Importancen,) < ValueO f(Importancenm;)
4
In this case, M; cannot obtain the desired channel and must ask
the Context Agent for another available less interesting channel.
3.

ValueO f(Importancen;) = ValueO f(Importancen; )
®)
M; leavesits channel and both Media Agentstry to find two avail-
able channels of equal importance.

When a piece of information cannot go through onto the IRS, it
waits for a channel to be freed and resumes a request to the Context
Agent. However, with a negotiation on such a basis, there is the risk
that the most important pieces of information monopolize the IRS
whereas they can be displayed in asmaller channel at the same time.
To temper this, we introduce the calculation of another value, the
global satisfaction (GS):

>

i€{activeMedAg}

GS = (I; = PCy) 6

I, isthe importance for the Media Agent i and PC; is the preferred
channel. It is the Context Agent which calculates all the possible
vaues of the GS at a particular time as it knows the channels that
each Media Agent requests. The objective is to favour a solution in
which the most important piece of information does not take all the
resources and leaves nothing for the others.

5 FUTURE WORKS

On the basis of some of these ideas a european ESPRIT research
project named AMEBICA wasinitiated. AMEBICA standsfor Auto-
adaptive Multimedia Environment Based on Intelligent Collaborat-
ing Agents. This project involves Alcatel and LGI2P (France), Elsag
and Softeco (Italy), Iberdrolaand Labein (Spain), IFE (Norway) and
Loughborough University (UK). Its goal is to build up a conceptual
model that will be applied to industrial supervision and to develop an
object-oriented framework for Adaptive Multimedia Interface, along
with its methodol ogy for instantiation and trade-off results[18]. The
project began in October 1998 and will last 2 years.

6 CONCLUSION

We have introduced in this paper the concept of fluidity. This pro-
perty characterizes an interface on which the flow of information
composes itself according to several dynamic parameters. We have
developed the idea that fluidity is better achieved through the use
of agents negotiating with one ancther. Thus, we have proposed a
multi-agent architecture along with a prototype to illustrate its fea-
sibility. In the future, we intend to propose a more forma model of
self-composition and an improved agent architecture. Among the de-
sired features we investigate the use of learning techniquesto reduce
the numbers of parameters the user’s control.
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