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Abstract Complex systems, and more generally
complex data, entail significant problems of visual-
ization, due to their dynamic and distributed na-
ture, and the multiplicity of their relations and in-
teractions. How should we represent, for instance,
a biological system such as an ant colony or an eco-
nomic system such as the Stock Market? However
visualization of complex data is an efficient way to
meet needs in both theoretical and practical frame-
works. Indeed, in the framework of simulation of
complex systems, it facilitates analysis and design.
Secondly, in the framework of industrial systems, it
enables strategies for control and decision-making.
The solution suggested in this paper requires multi-
agent techniques, used to allow a dynamic construc-
tion of an interface of visualization. Within the
Data Gardens, each interface agent carries out a
small portion of information. The agents are or-
ganized collectively to process input hierarchically
according to the priorities given by the user to the
pieces of data.

Keywords: Complex systems, multi-agent sys-
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1 Introduction

Various systems can be qualified of complex
[11]. We can mention, higgledy-piggledy, bi-
ological systems such as an ant colony or an
ecosystem, economic systems such as the Stock
Market or computer systems such as the Inter-
net network. These examples show that even
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if it is not possible to give a general and fi-
nal definition of what is a complex system, it
is at least useful to specify which one we use.
A complex system is generally defined as a set
of entities, linked together and organized in a
structure. The goal of this paper is to add a
dynamic component in this definition. Actu-
ally, complex systems are especially character-
ized by their parallel, distributed and opened
evolution, which introduces dynamism at all
levels, from the most elementary entity of the
system to the highest level of organization, by
the way of the interactions which ensures this
micro/macro link [5].

Furthermore, in the contexts of on one hand
analysis and design, and on the other hand con-
trol and decision, the visual and auditory rep-
resentation of a system constitutes an essen-
tial means of comprehension of its functioning.
In particular, it can make perceptible the pro-
cesses by which the actions and interactions
of all the entities result, at the global level,
in emergent chaotic or evolutionary behaviors
[1]. However the construction of these repre-
sentations creates numerous problems, which
derive not only from the characteristics of the
systems themselves but also from the percep-
tive processes of the users for which they are
intended.

On account of this statement, we approach
the problem of visualization of complex sys-
tems as a dynamic construction of an interface
rather than a design a priori of more or less
static interfaces. In other words, the problem



is to give to the interface the means of reor-
ganizing itself, according to the changes which
appear within the system, as well as those due
to the user and his concerns. In this way, we
present a solution based on the use of multi-
agent systems [5], themselves complex systems.
We show how to conceive a dynamic interface,
first by giving the agents the necessary knowl-
edge for describing the complexity of the vi-
sualized system, next by enabling them to dy-
namically access information about the evolu-
tion of the system. Symmetrically, the agents
know how to obtain information concerning the
user and they can react to his actions.

In section 2, we begin to introduce the prob-
lems of visualization of complex systems. Next,
in section 3, we bring up the software architec-
ture. Section 4 describes how simple knowledge
and strategies of cooperation can be given to
the agents, enabling the interface to visualiza-
tion can evolve and adapt itself, in real time.
This last set of methods is the core of the in-
dustrial project of the Data Gardens [9)].

2 Visualization of
systems

complex

2.1 Problems

As we point out above, an essential aspect of
the complex system is the dynamics. They oc-
cur on the level of the entities which could be
not only active but also evolutionary, as well
as in their behavior as in their shape. It is
the case, for example, of a worker ant which
proceeds through the stages of egg, larva and
cocoon, before its mutation into a functional
worker. This ant could be able to assume suc-
cessively the task of care of eggs, the forag-
ing, and finally the care of cocoons [1]. Dy-
namics occur, next, on the level of the inter-
actions established between two entities: these
interactions can appear at a given time, then
change and altogether disappear. For example,
in the case of the ants, these interactions are
dynamically created and demolished, accord-
ing to the tasks, the needs, the positions of

the various protagonists, and also according to
global changes in the environment or the struc-
ture of social relations [1]. Consequently, the
social structure of the nest itself is modified, in-
troducing dynamics at the organizational level.

In addition to the dynamics, the conception
of a means of visualization adapted to com-
plex systems brings forth many other prob-
lems. Among them, two kinds of problems
seem important to us: firstly, the potentially
distributed and opened nature of these sys-
tems imposes a significant flexibility and mod-
ularity. Secondly, the multiplicity of possible
levels of analysis leads to confusingly versatile
means of representation. For example, the In-
ternet network is composed of a great num-
ber of computers, linked together, with which
many users can exchange and access vast stores
of information. All of this is executed in a to-
tally distributed way. The visualization of this
system requires collecting data describing the
network from different sources, and integrating
them into one only system of representation. In
other respects, the network is opened: comput-
ers, users or information can dynamically come
in and come out. This makes it necessary to
have the ability to dynamically add and delete
data sources in the representation system.

Moreover, complex systems are character-
ized by the fact that their levels of complexity
are organized hierarchically [11]. A biological
ecosystem, for example, consists in animal and
vegetal organizations, themselves compounds
of organs, cells, molecules, atoms, etc. Accord-
ing to the required level of analysis, the inter-
face has to offer various levels of abstraction
in the presentation of information [10]. This
should be achieved through continuous filter-
ing and organizing information in a hierarchy.
The aim is to obtain a mode of representation
which does not overload the user with unnec-
essary information. Consequently, the agents
have to adapt their mode of representation to
the users task at a given time.



2.2 Existing solutions

These various constraints of dynamism, mod-
ularity, and hierarchically structured processes
are not new. Nevertheless, until recently they
had a limited impact in the conception of vi-
sualization interfaces. Existing solutions stem
from various fields, in an array ranging from
the interfaces for complex industrial systems
[10] to the simulation of complex systems, and
including data visualization and mining [7].
Within the framework of complex industrial
systems, the basic tool is the synoptic [10],
which provides a synthetic view of a process,
according to a layout close to the physical lay-
out of the process. The various indicators as-
sociated with the operation of the system are,
as for them, synthesized in numbers, charts or
graphs. This solution is suitable for systems
which have fixed structure, but does not per-
mit the analysis of indicators on a hierarchical
basis, for example according to their impor-
tance from the viewpoint of the security of the
operation.

Data visualization and data mining frame-
works have developed numerous techniques for
representing, usually in synthetic forms, huge
sets of data [7]. The user manipulates maps,
trees or detail and context representations; he
travels around 3D landscapes, and many other
metaphors allowing him to be immediately fa-
miliar with the structure of the visualized in-
formation. All these techniques offer a huge
choice in the way of representing complex data.
Unfortunately, these techniques often restrict
themselves to a visualization, at a given time,
of a fixed set of data which summarizes the
last evolution of the system, over a more or
less lengthy period. This precludes their use
in a dynamic context. In contrast, the frame-
work of simulation offered by complex systems,
and particularly multi-agent systems, provides
all the techniques necessary for taking into ac-
count these dynamic aspects, while often ex-
cluding the problematic of the visualization of
simulated systems.

3 Data Gardens: towards
multi-agent interfaces of vi-
sualization

As we show, the synthesis between the tech-
niques of multi-agent simulation and of visual-
ization provides new solutions for the problem
of representation in real time of complex sys-
tems. The Data Gardens project is the fruit of
this synthesis, using virtual ecosystems to filter
and organize hierarchically a flow of complex
data [9].

3.1 General principles

First, it can be useful to specify what multi-
agent systems are before studying how they
can constitute a fitting answer for the above
problems. We define a multi-agent system
(MAS) as a set of agents which interact to-
gether in a shared environment [4]. The agent
is regarded as a real or virtual autonomous en-
tity which evolves in an environment, can per-
ceive this environment, can act in this envi-
ronment, can communicate with other agents,
and presents an autonomous behavior, which
is the consequence of its knowledge, of its in-
teractions with others agents, and of its goals
[4]. MAS research is based on a double aim:
firstly, the realization of distributed artifacts
able to achieve complex tasks by cooperation
and interaction, and secondly, theoretical and
experimental analysis of the mechanisms of
self-organization, mechanisms which take place
when autonomous entities interact [5].
Multi-agent systems can themselves be re-
garded as complex systems. Dynamics is made
possible by the autonomy of the agents in rela-
tion with their environment (we include in the
concept of environment the physical or simu-
lated environment, as well as the other agents
and the user of the system). This autonomy
introduces dynamics in the interactions of the
agents and also in the organization. As for
modularity, it is an inherent property in these
systems, linked to their division in agents. Fi-
nally, the concept of agent is sufficiently gen-
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Figure 1: General architecture of the representation system.

eral to authorize various levels of decomposi-
tion: the choice of the entities and of their
interactions and the level of division can be
adapted at the desired level of abstraction of
the interface.

3.2 Information - Filtering Visual-
ization

The architecture used for building the multi-
agent interface of representation (see Figure 1.)
rests on the use of two kinds of agents: first,
information agents have to gather data charac-
terizing the complex system being represented,
secondly the representation agents have to fil-
ter and treat on a hierarchical basis this data
before representing it graphically. Each infor-
mation agents is associated with a data source.
They function together as an information sys-
tem whose task is to gather in real time the
data required for the description of the systems
functioning. They convey this data to the sys-
tem of interface itself through a structure anal-
ogous to a blackboard [5]. Then, the informa-
tion is controlled by the representation agents.
It should be noticed that in this scheme of op-
erations, the user of the interface is also assim-
ilated to a system, and is observed as a data, in
particular through his mouse and keyboard ac-
tions. Two information agents are thus specif-
ically responsible for gathering the mouse and
keyboard data; causing specific reactions at the
level of the representation agents, in the same
way as they will react to the data of the com-
plex system.

By way of the blackboard, the representa-
tion agents receive a huge flow of data, data
which they have to represent as a colored
board. In the simplest case, one representation
agent is associated with one entity of the com-
plex system, and the agents aspect matches the
kind of entity it represents. Nevertheless, the
approach yields more interesting results when
the agents have knowledge enabling them to
adapt their visual representation according to
the current state of the entities, to their kind
of functioning, to the interactions between all
kind of entities, and to the groups which are
dynamically assembled and dissolved. In re-
turn, it is possible to equip these same agents
with the capacity to adjust their representa-
tion according to the actions of the user. From
a user viewpoint, this means that one has the
power of directly acting in real time on the in-
terface of visualization, and therefore of orient-
ing the final appearance of the representation.

4 Application to the design of
an interface for monitoring
road traffic

The above architecture is merely a framework
for the conception of various multi-agent inter-
face systems. Implemented as a software de-
sign core for multi-agent systems, it does not
require any knowledge nor behavioral model
for the representation agents. All knowledge or
behaviors are specified through a little script-
ing language. With this language, the interface



Figure 2: The agents whose the dangerousness
is most significant are attracted by the center
of the screen, pushing back the others towards
the periphery.

designer also describes the strategies of repre-
sentation that the agents shall use. In the sim-
plest case, an agent can be assigned to track
a particular variable, and adjusts its size or
its color according to the value of the variable.
The drawback of this first approach is that the
display may end up drawing a multitude of un-
related graphic indicators. In this situation, a
global and synthetic view would be difficult to
obtain. It is thus necessary that the various
agents take into account not only the informa-
tion that they have to represent, but also of the
context in which they are, i.e. the information
which the other agents are presenting.

The advantage of using multi-agent systems
appears clearly in this framework. These sys-
tems enable agents to interact, cooperate or ne-
gotiate in order to dynamically determine the
most significant information at a given time.
Drawing inspiration from processes of social
hierarchical organization in animal groups [2],
we examine how similar processes can be intro-
duced in agent societies to hierarchically orga-
nize the flow of data according to various cri-
teria of priority. We associate an agent with a
hierarchical level based on the priority given to
the data the agent must represent. It is then
easy to integrate the user in the mechanism of
the construction of the interface: for example,
the user can define his own priorities, and the
system reorganizes itself dynamically each time

these priorities are altered. Finally, the hierar-
chical level of an agent is a function depending
on three kinds of information: first, the data
values describing the road traffic, next the in-
teractions between the agents and the history
of these interactions, and finally the modifica-
tions caused by the user.

4.1 From data to agents

We present here an example of the visualiza-
tion of cars on a freeway. The data known
about these vehicles are their speed and their
position. Our aim is to achieve to visualize
situations known as abnormal and considered
dangerous in this context. Dangerous situa-
tions are for example a car driving faster or
slower than the others.

To keep an intuitive relationship with the
road system and its representation, we pre-
served a correspondence between the represen-
tation agents and the vehicles. However, the
position of an agent on the screen does not
reflect the matching vehicles position on the
freeway section but matches instead its degree
of abnormality. The degree of abnormality of
a car is computed as the difference between
the speed of a vehicle and the average speed
of the vehicles which surround it. The more
abnormal an agent is, the more it will be at-
tracted towards the center of the screen, push-
ing back the normal agents towards the periph-
ery (see Figure 2.). Therefore, the environment
in which the agents evolve no longer matches
the physical environment of the vehicles, but
constitutes a spatially structured environment
in which the agents will be able to interact and
communicate. The agents communicate locally
via this environment by stimuli. By this com-
munication, they hierarchically organize them-
selves in a completely distributed way, accord-
ing to their degree of abnormality.

4.2 Hierarchical processes and local
interactions

To implement these dynamical hierarchical
processes of agent societies, we use, as often



$fight = random();

B

car.law("calcul_index", 1, 0, "if ( norm($car_dominance_s) > $thresholds) {

if ($fight <= $index_dominance) { $issue K = 1;};

if ($fight > $index_dominance) { $issue K =0;};

$car_dominance = $car_dominance + ($issue K - $fight)*0.01;

$thresholds = $thresholds - ($issue K - 1 + $fight) * 0.01;

$index_dominance = $car_dominance / (norm ($car_dominance_s) + car_dominance);

Figure 3: Extract of the scripting language translating local interaction of the agents.

in the multi-agent field, ethological models [1].
These models describe the processes of orga-
nization at some definite stage of the life of a
group: during the sociogenesis process, when
the leader dies, or when a new member en-
ters the group. The model of organization de-
veloped in [8] is our starting point to define
interactions between our agents. This model
defines the organization of a society of bees
and the distribution of the bees in the nest ac-
cording to their hierarchical level. This rank
is established by a series of fights between the
bees. The extract of the scripting language in-
troduced on Figure 3 shows the translation of
this ethological model of behavior to a behav-
ior for the representation agents. The rank of
an agent is computed, in addition to its degree
of abnormality, according to the result of the
agents fight and to the history of these flights.

These interactions can be interpreted thus:
an agent diffuses a stimulus of predominance in
its environment (car_dominance), and detects
the stimuli emitted by the other agents in its
immediate environment (car_dominance_s). If
the stimuli that it detects exceed its tolerance
level (thresholds), a fight takes place between
the agents. The result of the fight, although
random, is influenced by the index of predom-
inance (an agent initially strong stands a bet-
ter chance of being the winner than an initially
weak agent). Finally, the outcome of the fight
modifies the agents tolerance level and its pre-
dominance index.

4.3 Interaction with the user

Since we describe a method for visualizing a
hierarchy of the level of priority of a set of in-

formation, the interest is to allow the user to
inform the system of what he wants to visualize
at one precise time. The platform architecture
gives the possibility to take into account the
user as a particular data source, so the agents
can be made sensitive to the actions of the
user with the mouse. This is done by giving
each representation agent an internal parame-
ter (user_action) which will modulate the inter-
action or the repulsion compared to the center
of the screen: if the user moves an agent away
from the center of the screen, the degree of at-
traction of the agent towards the center will be
decreased proportionally with the action of the
user. If the functions defined in the scripting
language make it possible to keep an internal
coherence in the system with the disturbances
induced by the data, the introduction of the
user as an agent which can interact with the
others, also makes it possible to introduce in
the system an external coherence: by interact-
ing and by modifying the weight of some data,
the user can modify the representation which
he has of the systSem, and thus keep a repre-
sentation which is coherent for him.

5 Conclusion

We present in this paper a new model for build-
ing interfaces of visualization for complex data
flows. This model is established in a platform
of multi-agent design. It take into account the
dynamic aspect of these data, which is, in our
opinion, a very significant aspect although of-
ten neglected. At the same time, this model
permits a modular, adaptive and opened de-
sign of interfaces. The example, although rel-



atively simple, shows the validity of our ap-
proach considering that the building of an in-
terface to visualize dynamical information can
be drawn in parallel with the building of a soci-
ety of agents of representation. Moreover, the
presented model does not make any assump-
tion on the nature of the information repre-
sented, which makes it possible to consider ap-
plications in various fields. Within our work in
progress, we are interested in particular in the
filtering of electronic mail. From the point of
view of classification, the mails will be grouped
according to various criteria of origin, destina-
tion, date, or subject. From the point of view
of processing, the criteria selected will be asso-
ciated with the priority with which each mail
must be treated. It will be necessary, within
this framework, to develop the model presented
so as to allow the synthesis of information by
the regrouping of various agents. By introduc-
ing the concept of groups, we will allow the
dynamics to change of level of representation.
Also the role of the user will have to be re-
inforced, giving to the system of interface the
means of learning the preferences and the prac-
tices from the user, so as to adapt the process
of filtering and regrouping. Thus, we wish to
set up a real co-evolution between the user and
the system of interface: by adapting the inter-
face to the user, the user reduces his effort to
adapt himself to the interface.
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