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For the last four years we have conducted a multi-agent modelling experiment within a pluri-

disciplinary team made up of biologists, ecologists, anthropologists and economists whose

objective is to understand how fishing is organised in the Niger Central Delta. We have created

a platform of multi-agent simulations called AtomTalk in order to model agent interaction in a

fragmented space (Bousquet 1994, Cambier 1994). We have also examined the problem of

modelling diverse representations, ranging from those of the actors of the world being studied to

disciplinary points of view of the researchers involved.

The problem of representation is inherent in the creation of artificial worlds where agents

interact with their natural and social environment. In this paper we discuss the representation

problem from our modeller point of view. We give some examples of the models we have

created. More precisely, we will examine the question of the place and status of representations

when an attempt is made to simulate circular relationships linking individual and social group

levels within the ecosystem. For that purpose we introduce the concept of "mediator" objects, or

"common" objects.

1. Representations and modelling of the environment

Examining the question of representation implies tackling a vast and highly diversified area of

research. Even if one fixes as limits human sciences and their representations discussed since

the era of Descartes (Ladriere 1990, Revol 1995), one is confronted with a polysemy resulting

from the different approaches of philosophy, biology, psychology and sociology. This polysemy

is also found in the area of cognitive sciences which have made representations one of their

main subjects of research. Our reflection developed here is the point of view of a researcher

working in the area of modelling with systems provided by Artificial Intelligence who

collaborates with social scientists engaged in environmental research.



1.1. Representations in the area of environment

Research in environment involves several actors. First of all, it involves actors within the

ecosystem whose interactions with the environment are studied. Secondly, it involves the

researchers themselves.

This is important, because environmental research is carried out more and more by research

groups made up of representatives of different disciplines. A different representation of reality

can be seen in each of these disciplinary research approaches (Friedberg 1992). In order to avoid

confusing these representations with those of the actors we will refer to these disciplinary

representations as points of view. They constitute a certain vision of reality. The goal of the

interdisciplinary research is, if not to create an integrating point of view, at least to find links

between these points of view.

Another series of problems inherent in environmental research, particularly in the use of

renewable resources, are the problems of access to these resources, appropriation modes and

decision-making processes. The environment is therefore something which is individually and

collectively built. Access to resources often implies representations produced by common

values and categories constructed and shared by a community. This ensemble expresses the

relations that this community and its individuals have with the world. How do men conceive

their relation to the environment ? This question leads to another : the relationship with others.

"Levi Strauss has clearly shown that cultures mythical representations are not imposed on them

by the ecological milieu or their material base ; on the contrary, they choose their mythical

representations in differentiating opposition to those of neighboring cultures." (Cailie. 1992).

The two aspects of representation - natural and social - are linked, because, for the

anthropologist representations made by individuals generally arise out of " systems of

representation " which are rooted in the totality of their society 's ideas and values. "All

relations between individuals and groups concerning things involves a relation of control or

authority .This relation is itself established and organized on the basis of a representation of

reality (ideology), whether it involves ethics, morale or a religious reference " (Weber 1988).

1.2. Modelling of representations

The modelling we refer to here is that of Artificial Intelligence, an area concerned with

modelling of knowledge. There are two principal schools of modelling in cognitive sciences :

the cognitivist school and the connectionist school. Without going into the ongoing debate

between these two schools (Varela 1989&1993, Bourgine 1993, Andler 1992, Dupuy 1994), we

should note that:

- the cognitivists consider representations as interpretations of the world. These representations

exist physically in the form of a symbolic code in the brain or in a machine (computational

theory of the mind). Here cognition becomes manipulation of symbols according to rules. The

cognitivist hypothesis is the basis of symbolic AI.

- the connectionists consider cognition as the emergence of global states in a brain made up of

simple components. It is the global state of the system which is identified with a given faculty.

The roots of connectionism lie in the neurosciences. The associated methods are those of the

neuron networks.



Thus on one hand, there is an approach which could be described as ascending, since its goal is

to understand the macroscopic properties resulting from interactions on a microscopic level; and

on the other hand, an approach which considers knowledge at a high degree of abstraction and

which aims at manipulating this knowledge.

1.3. Representation, emergence and ecosystem

Ecosystem modelling is a fairly well-established type of research. The traditional method is to

model the dynamics of one or several populations in competitive or predatory interaction. The

formalism of differential equations is used in most cases. The goal is to sum up the dynamics of

a system on the level of the populations concerned. Human intervention in these ecosystems is

simply represented by a mortality imposed on the population.

In the last few years, different approaches have been developed in order to take into account the

complex structure of ecosystems. These modellings are oriented more and more towards the

individual level (Individual-based Modelling). The goal is to understand how ecosystem

properties can emerge from interaction between entities on a more microscopic level.

At the same time, the human agent has appeared as an element in the ecosystem. Previously,

human actions were considered in terms of resulting mortality. Now attention is being focused

on the decision-making processes and on actions of humans in the ecosystem. We propose to

represent human agents as entities in the ecosystem which also themselves act on a microscopic

level, thereby entering the network of interactions, out of which we want to see forms emerge.

In the study of humanized ecosystems, our goal is to understand the viability of interactions by

observing the emerging organizations. Consequently, this is a connectionist approach searching

for intelligibility (in this case viability in the sense of Aubin (1993)) not in a part of a system,

but in the entire system (Bateson 1984). Considering man in this way, as an interactional cell

exposes one to criticisms : " To the degree that the system is conceived as a cybernetic order as

is frequently the case in ecological studies, the act of including culture in a unified science Mill

lead to a displacement of mental properties from humankind to the ecosystem " (Sahlins 1980).

Our position as modellers is that it is possible to credit human agents with a culture and at the

same time consider them as elements of a whole that they help construct through their

interactions. This is a very functionalist conception of culture, close to the work of Malinowski,

as described by Sahlins. Therefore it is possible to study the behavior of human agents on a

microscopic level, crediting them - or not - with representation and to observe an organization

on a macroscopic level. The mind remains a property of humankind, but viability is a property

of the ecosystem.

But what representations are involved here ? We, the modellers, want to know how actors

perceive and act in their environment. The paradigmatic models are varied. Certain economists

conceive of man's action on resources as a utilitarian calculation, while other researchers see

this interaction as the expression and consequence of cultural traits. More exactly, (Sahlins

1980) "culture appears simply as a mediator, or an environment of the constitutive dynamics of

human intentions. By mediation, we mean a totality of means available to the subject by which

he reaches the goals he has established ; it is an environment not only in the sense of a

ensemble of external constraints on the individual, but also something on which he forges his

intentions and, in doing this, organizes the properties of the milieu . " Modelling can be an



interesting tool to compare different hypotheses - utilitarian vs. social. We will give several

examples in §5.2.2.

The simple duality between individualism and holism can be questioned. Gilbert (Gilbert 1994)

generalizes this impression : " It is now possible to argue that while there was some truth in

both (individualist and holist approaches), neither was a particularly helpful or revealing way

of conceiving the relationship between global and local behavior. " Thus, Dupuy (1992) speaks

of complex individualism, and Giddens speaks of the "recursive nature of social life "; "social

practices reflect the ability of humans to modify the circumstances in which they find

themselves, while simultaneously recreating the social conditions practices, knowledge,

resources) which they inherit from the past." (Layder 1994)

This point seems very important to us. On one hand, the question of the viability of a resource

access system can be studied by associating it with the different actors' representations of the

environment. But, on the other hand, it seems equally important to investigate the dynamics of

the representations. How do they evolve ? How does the actor represent to himself the whole

which he is part of and how can this representation change ? The collectivity is not only a

constraint for the individuals in it : it is also constructed by them. In societies referred to

nowadays as being " in transition " - which means that they refer both to traditional structures

and an economic rationality which is becoming universal - this problem is particulary acute. But

how do individuals construct this collectivity ?

To sum up. the modelling of artificial ecosystems composed of various entities among which

humans, leads us to ask the following questions.

Where are the representations situated ? Should they be considered as symbols inside the

agents's heads ? Are environmental objects attached to these representations ? What are the

mechanisms which permit the representations to last ? How can collective referencials be

modelled ? How should the role of the observer, or even observers, be taken into account ?

These are the problems that we have to study in order to create artificial systems. Without of

course, being able to give complete answers, we will show, in the second part, how we have

approached some of them and how we intend to pursue this research.

2. Formalizations

2.1. Multi-agent systems

The knowledge modelling that we propose is based on the use of multi-agent systems (Ferber

1994). In order to model complex phenomena multi-agent systems represent agents of the

observed world and their behavior. Creating a multi-agent system means reproducing an

artificial world resembling the observed world, in that it is made up of different actors, in order

to conduct diverse experiments. Each agent is represented as a computerized independent entity

capable of acting locally in response to stimuli or to communication with other agents.

Agents can be more or less complex. There are models of very simple agents which simply

respond to stimuli : this is " reactive " agent modelling. For example, different given agents are

studied interacting to exploit a resource or share work (Drogoul and Ferber 1994). There are

also models of more complicated agents which can have goals, representation of others,



2.2.2. Human agents : individualism and holism

In order to simulate interaction between human and the renewable resources they exploit, the

decision making process of the agents must be modelled. The agents must decide what part of

the space they are going to displace in, what resource they are going to exploit, and who they

are going to cooperate with. The agents are first of all characterized by descriptive variables

(size of household, age, ethnic group, amount of money possessed, etc.), but also by the

variables in the agents' representations of their environment. An example is the concept of

acquaintances, which serve both as an address book and as representation of others. During our

work we have also introduced the notion of technotopes (figure 3) which is a model of the

fishermen's representation of its natural environment.

Our goal in modelling agent representations is to study their role in the decision-making

process. It is not simply a question of reproducing value systems and classifications. It is an

attempt to articulate agents' representations and actions within the decision-making process

itself, for it is through these actions that they transform their environment. To accomplish this

we have chosen to sequence the decision-making process in different phases : construction,

perception, selection and action.

The construction phase.

During this phase agents construct their environment . They create a " mental map of the

environment " which can be made up of mental objects " 1. This is the resource space in the

fisherman's mind, and the representation of other human agents as well (Doran 1994). Later in

the text we examine the question of these mental maps.

The perception phase. During this phase, agents perceive information about the environment

and complete their mental map on the basis of observed facts or beliefs about the environment.

The perceived information only exists from the point of view of the observer's mental map and

not from the point of view of an objective environment.

The selection phase. During the selection phase the agent chooses an action among the different

possibilities. He will choose a place of action, a social collaboration, a technology of action, etc.

The action phase. The agent displaces, acts on the resources - thereby transforming the

environment - memorizes the results and possibly revises his beliefs (about the resource.

society).

It must be noted a decision-making process does not necessarily involve these four phases,

which imply cognitive agent. We carried out experiences with mimetic and repulsive agents

(Bousquet et al. 1994). In these cases, only the selection and action phases were activated :

relations between action and perception and perception of the natural environment were not

conceived.

It is possible either to confer an individualistic attitude on individuals or to consider them as

actors in a collective context. Figures 4 and 5 show an experiment which is based on both

Research in cognitive sciences is based on several concepts which are at the same time close in concept and
quite different: mental object (Changeux 1983, Brenenstock 1991), mental models (Johnson-Laird 1993),
mental maps ( Downs and Stea 1977), mental images ( Denis and de Vega 1993 ), schemas (Minsky 1975)
and others we have perhaps forgotten. Here we simply want to indicate that the agent makes a representation
of his environment, a representation which is a model of space made up of objects or agents.





participates in the creation or reinforcement of the social systems which subsequently will

orient him in his decisions. How can this phenomenon be taken into account in multi-agent

systems ? And, since our methodology leads us to create agents and objects, which objects

(mental or physical) are attached to these representations ?

Multi-agent systems used to be described as a set comprising a space, agents, and objects which

form the environment. In order to go further in the characterization of the individual-society

loop, we propose to proceed by the modelling of "mediator " and " common" objects. These

objects are both individual and shared representations which tend to create the social group and

at the same time to be the expression of its existence. Markets, symbolic places or goods: all

these are objects constantly being constructed by humans in ritualization. Then these objects

orient the perception or constrain human action. Through the perception of these objects each

agent perceives himself as a member of the whole and thus contributes to the creation or the

sustaining of this whole. There is reification, not of the collectivity as the holistic point of view

maintains, but of objects which are signs of the whole.

How should these objects be represented ? Are they exogenous representations, outside of the

mental space ? Or endogenous entities ? Or endogenous and exogenous entities, common but

specific to each individual ? How are these objects shared ? What are their dynamics, is

language an indispensable vehicle for the exchange of representation ? We do not have ready-

made answers to these questions. They depend on the contexts, on the objects and social group

under consideration. Why would the creation of artificial worlds resolve a fundamental

sociological problem ?

Creation of an artificial world is a writing exercise, a re-creation of the world as observed by the

researcher. The multi-agent systems play a useful role if they enable the observer to make his

point of view, his ideology, explicit. As modellers our proposition here is to create a class of

particular objects which to us seems important for the representation of artificial societies built

up from the individuals that make up them up.

3. Discussion: Representation of knowledge or emergence of
representations

We have proposed a modelling framework with two purposes :

- to represent resource space dynamics,

- to model the decision-making process of the actors, carried out according to the

representations they make of their environment.

What can these multi-agent model be used for ? As Lenay has observed, we can consider that

there are two different approaches in the creation of multi-agent systems :

- the phase of knowledge representation,

- the phase of simulation.

At the current stage of our reflection and as a function of our past experience, two approaches

can be distinguished. One stresses representation of knowledge, the other is concerned with the

generation of representations.

In the first approach representation of knowledge is very important. Construction of artificial

universes requires implementation in the computer of a considerable quantity of knowledge

about the real world. There is a movement from " naturalist " knowledge towards multi-agent



systems. When this naturalist is a social scientist, the problem is the implementation of agents

of the artificial world. This leads to questions about the relations between the representations

and actions and practices. Consequently, representation of knowledge catalyzes reflection on the

problems of individual or collective choices, as they come up in an actual, specific case. This is

a functionalist approach. The purpose of the the simulation which follows the knowledge

representation phase is to confront different functions under consideration with the natural

environment. Natural environment dynamics are themselves often simulated with the use of

functions: biologists and ecologists often describe biodiversity through functions or groups of

functions (Barbault 1993). The goals of simulation are twofold : to understand the links between

different ecological functions and social representations, and to explore the viability of these

interactions. What functions should be assembled to understand the behavior of a humanized

ecosystem ? Here we are in agreement with Doran : "There is an important sense in which our

work is more theory building than it is modelling. The aim is to discover more about certain

processes and how they interact. ". This approach is designed to open a permanent channel of

communication between observation of the real world and theorization.

The second approach consists of focusing on the dynamics and transmission of representations

and especially their generation (Varela 1989). The dynamic of representations and their

epidemiology (Sperber 1992) is a research subject in cognitive sciences. Bases drawn from this

research can be used to study the question of cultural transitions frequently evoked in

environment problems. As for the emergence of representations, this is above all a subject for

the Artificial Life area, in which researchers seek to understand the generation of life and of

representations. What is involved here is the progressive reconstruction of mechanisms which

permit the creation of Artificial Life, the generation of representation by robots. It is only then

that the problems of language and transmission will be posed.

These two approaches to representation, manipulation of functions or generation of

representations, can be seen as the extreme limits of an area in which diverse muti-agent

modelling experiments can be proposed.

4. Conclusion.

The modelling of complex ecosystems with multi-agent systems leads to the problem of agents

representations of their natural and social environment. Our past research has consisted in

modelling the representations of these artificial agents. One can model representations

corresponding to an individualistic behaviour or a behaviour constrained by social norms. The

methodology is interesting for defining the representations and establish a link between these

representations and the functioning of the whole ecosystem. One define global indicators and

discuss the emerging patterns.

In order to go further in the modelling of a collective cognition we propose to study the relations

between the agents and special objects of the environment. We call these objects "mediator" or

"common" objects. Market, symbolic goods, symbolic places are examples. These objects can

be modelized as objects of the environment or mental representations.



In the future we will try to develop and improve our framework by testing it on various cases
such as hunting societies (Cameroon) or farmers communities inSenegal.2

I wish to thank C.Lenay. J.P.Treuil, M.Antona. J.Weber and the two anonymous
reviewers for their comments.
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Figures

Figure 1 : A multi-agent modelling framework for modelling resource-human

interactions

1. Representation of space

2. Representation of resource agents

3. Representation of human agents

4. Representation of mediator or common objects

5. Representation of different points of view

Figure 2 : Resource agents and ecological emergence

A space made up of two milieus is represented. About a thousand agents of three

different species interact, in competition or predation. within this space. The entire group

of agents is subjected to a fishing mortality which increases each year. As a result, the

evolution of the total catch can be observed an ecosystem level : first it increases, then it

levels out and remains stable for a long time before a final, definitive plunge.

This underlines the resistance of the ecosystem.

This response curve is found in the case of several different African rivers. Through the

interplay of local interactions, a global form appears, which was not predictable from the

sum of individual behavior.

Figure 3 : Space representation and technotope objects

On one side an artificial space, composed of different biotopes, is represented. On the

other side, there is a mental space composed of different technotope objects (Fay 1989).

Each of these objects correspond to the use of a technology in a particular place, as

imagined by the agent.

The technotope notion designates the relationship between technological temporality,
spaciality and technological imagination.

Figure 4 : Simulation of intensified exploitation by adding more fishermen.



We have created an ecosystem composed of 4 milieus in which three different fish

species interact. Every year we add three fishermen to this ecosystem. We have

simulated three different scenarios corresponding to three decision-making hypotheses :

a) Access to all the milieus is free : each fisherman chooses the activity which

maximizes his income.

b) Two social groups share access to the space and to use of equipment. There is a set of

rules attached to each social group. Each agent is member of one of the social groups.

One group represents 2/3 of the population.

c) Conditions are the same as a) but we have added a global constraint: access to milieus

3 and 4 is limited. No more than 5 agents can fish at the same time.

Figure 5 : Results

The rows represent the three scenarios. The columns represent three types of indicators

that can be observed in the evolving artificial ecosystem.

1) The total catch. Note that the simulation with free access and economic rationality is

shorter-lived.

2) specific composition of catches. Note that the evolution of specific compositions is

very different according to the envisaged decision-mlaking process. Thus the link is

made (Bousquet 1994) between, on one hand.

- The decision-making processes and the representation they imply, and on the

other hand,

- The ecological functions represented by the three species of fish modelled .

3) The income of each fisherman. Each curve represents the evolution of a fisherman. In

the first simulation, evolution of income is quite homogenous. In the second simulation

it can be noted that the incomes are higher overall, but at the end of the simulation there

is a very marked economic differentiation between the two social groups.

Figure 6 : AtomTalk

AtomTalk is a platform of simulations inspired by the Atom Blackboard developed at

the CRIN ( Laasri and Maitre 1988). It is implanted with 3 Smalltalk language. The

blackboard part is considered as the artificial world where different agents move about.

Specialists, implanted by means of production rules, make it possible for the points of

view of the different observers - who manipulate the agents of the artificial world - to be

expressed. The control structure organizes the simulation.








