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The starting point of this lecture is the standard approaches in macroeconomic mod-
elling, i.e. macroeconomic frameworks of the IS−LM -type and, afterwards, DSGE mod-
els. A new approach is then introduced, namely macroeconomic agent-based modelling
(hereafter ABM), and contrasted with those standard models. The speci�cities of ABM
are highlighted in order to put forward the further insights that they are likely to provide
into a wide spectral of economic issues (e.g. emergence of business cycles, dynamics of in-
�ation, unemployment, impact of income distribution on economic performances...). The
appendix of this lecture provides references to an existing agent-based macroeconomic
model, the Jamel model, which is presented and detailed during the oral presentation
of the lecture. This model illustrates the use of ABMs as realistic life-sized laboratories
to perform experiments through simulations. Labour market �exibility, minimum wage
policy and sectoral labour mobility are discussed within this model.

First, the course discusses the limits of standard macroeconomic models, then argues
that the economy could be rather understood as a complex adaptive system, and describes
how ABM allows for such an approach.

1. The limits of standard macroeconomic frameworks

This section explores the main properties and related limits of standard macroeconomic
models. In a nutshell, while IS−LM type frameworks do not account for microeconomic
behaviour, DSGE models are based on individual behaviour but do not allow to model
interactions between individuals (see also Table 1, page 8).

1.1. From the IS − LM-type macroeconomic models to DSGE
models

1.1.1. Keynesian macroeconometric models and the Lucas critique

As it should be clear from the �rst lecture on the IS−LM model, the old-fashioned Key-
nesian macroeconomic frameworks are composed by a collection of aggregate equations,
which depict relationships between macroeconomic variables (e.g. consumption, invest-
ment, aggregate supply...). Those relationships are postulated on a theoretical basis, and
the coe�cients of those aggregate equations are then estimated on empirical time series.
The resulting model is a dynamic macroeconometric framework, in which policy shocks
are introduced in an exogenous way, and outcomes with and without the policy shock are
compared. A policy shock corresponds to a change in a time series related to a policy
variable (e.g. a change in the public expenditures or in the money supply time series).
The IS−LM model is, of course, a very simple model but larger-scaled macroeconometric
models have been developed in the same vein. That kind of models gives intuitive and
interesting insights into the functioning of the economy, as illustrated by the IS − LM
lecture.
However, these models have been strongly criticized because of their lack of micro-

foundations, i.e. because they do not explicitly model the underlying microeconomic
behaviour, and instead directly postulate aggregate relationships. This is the Lucas cri-
tique1. Relationships between aggregate variables are estimated using historical data

1Lucas, R. (1976), Econometric Policy Evaluation: A Critique, in Brunner, K. & Meltzer, A., The
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but Lucas pointed out that changing an element of the economic environment, notably
a policy variable, is highly likely to alter the relationships between aggregate variables
because individual agents anticipate the consequences of the policy change, and adapt
their behaviour accordingly. That change in microeconomic behaviour in turn translates
into a change in macroeconomic variables, and relationships between those variables. As
a consequence, estimated coe�cients of those macroeconometric models are not invariant
to changes in government policies, and assessing policy outcomes on that basis is likely
to be misleading.

As a reaction to the Lucas' critique, macroeconomic theory has been devoted to build
macroeconomic models directly from microeconomic behaviour, whose parameters re�ect
agents' preferences, and are assumed to be invariant to policy changes. Those parameters
are said to be deep or structural. The resulting models are the Dynamic Stochastic General
Equilibrium models (hereafter DSGE models). The Real Business Cycles (RBC) models of
the seventies are the �rst attempts in that direction. Inclusion of price rigidities into these
models yields the New Keynesian models, and these models have undoubtedly become
the paradigm in macroeconomic modelling2. Their main features are now described.

1.1.2. The maximising agent paradigm

Building a macroeconomic model directly from the behaviour of individual agents requires
a behavioural model to describe how agents make economic decisions. For instance, how
do �rms decide how much to produce and how many workers to hire ? How do households
decide how much labour to supply to �rms and how much to consume and how much to
save ?
Macroeconomic theory has then borrowed the microeconomic paradigm of the fully

rational, fully informed, forward-looking and utility maximising agent, and used it as a
guideline to represent agents' behaviour in macroeconomic models. According to this
paradigm, each economic agent is supposed to be endowed with what H. Simon calls
substantive rationality (?). Accordingly, each agent is endowed with sophisticated com-
putational and cognitive skills, so that he makes all his economic decisions according to
the following steps (see, also, Figure 1):

1. Enumeration of all the possible alternatives and elimination of the impossible ones.

2. Collection of all the relevant information to evaluate the consequences of each possi-
ble alternative (including the other agents' preferences and corresponding choices).

3. Classi�cation of all the alternatives according to their expected pay-o�.

4. Selection of the alternative with the highest expected pay-o�.

Following those steps, each agent is capable to solve very sophisticated intertemporal
optimization programs and, hence, to identify the optimal decision plan, taking into ac-
count his preferences and constrains, all the future possible states of the environment, and

Phillips Curve and Labor Markets, Carnegie-Rochester Conference Series on Public Policy 1, New
York: American Elsevier, pp. 19-46.

2See Woodford, M., Interest and Prices: Foundations of a Theory of Monetary Policy, Princeton Uni-
versity Press, 2003; or Gali, J., Monetary Policy, In�ation and the Business Cycle: An Introduction

to the New Keynesian Framework, Princeton University Press, 2008.
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Models of individual decision making (optimization programs)

Rational expectations: optimal solutions

Individual behaviour

Aggregate behaviour

Solution of the model: equilibrium

Figure 1: The maximising agent paradigm: decision making under substantive ratinality

the others' decisions. This implies that agents are assumed to hold rational expectations :
they can always anticipate what the future will be or, at least, they are always able to
assign the actual probability distribution over all future possible states of the economy.
This also implies that each agent can "see the whole picture of the economy", in the sense
that it can access all the relevant information, including the equations of the underlying
economic model and the values of its parameters.

1.1.3. The representative agent hypothesis

Building a macroeconomic model from microeconomic behaviour raises the further issue of
how to aggregate and how to coordinate agents' decisions. The way to get around those
issues that has been adopted by DSGE models is the representative agent framework:
each group of agents (households, �rms, banks) is represented by a unique, representative
agent (an "average" �rm, an "average" household, an "average" bank).
Provided that appropriate conditions hold (notably speci�c properties of the utility

functions or the production functions), there exists a unique state in the model, at which
the representative agent of each category of agents obtains the maximum pay-o�. As a
result, all agents mechanically coordinate on this state, and any aggregation or coordina-
tion issues are ruled out by assumption. The underlying assumption is that prices adjust
(in the spirit of the Walrasian auctioneer) in order to clear markets3.
The macroeconomic state is therefore the simple mapping of individual ones. For

instance, the aggregate consumption function is the one of the representative consumer,

3For instance, the real wage adjusts up to the point households' marginal disutility of labour equalizes
marginal productivity of labour. At that point, households are not willing to supply one more unit of
labour to �rms because the real wage level that they would receive would be below the disutility that
they would su�er from working one hour more. Equally, �rms are not willing to hire one more unit of
labour because the real wage that they would pay is higher than the value of the production that one
more hour of labour would allow to obtain. As a result, the representative household's labour supply
(standing for the whole labour supply in the economy) would be equal to the representative �rm's
labour demand (standing for the whole labour demand in the economy), and the labour market is in
equilibrium. Importantly, no involuntary unemployment can emerge from this balancing mechanism.
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the investment function is the one of the representative �rm. This state is optimal, in
the sense that agents' pay-o� are maximised (e.g. �rms' pro�ts, households' utility) and
markets clear. In particular, there is no rationing on markets, and no unemployment
arising on the labour market.

The macroeconomic consequence of those two main assumptions (the fully informed and
rational agent and the representative agent) is the absence of any kind of �uctuations,
and the focus on states of equilibrium. Indeed, all representative agents of the model have
solved the maximisation problem that they face and adopted the optimal strategy, and
there is no reason for them to deviate from their optimal strategy. This situation is called
an equilibrium. In order to provide room for policies and public intervention in teh short-
run, deviations around those optimal states must be introduced. Those deviations will
hence create short-run �uctuations of the economy that policies can try to dampen. To
do so, that is necessary to introduce exogenous modi�cations of the environment. These
modi�cations are called shocks. Those exogenous disturbances are the main driver of
DSGE models, but nothing is said on their origin. At best, the only interpretation which
is given for those shocks is a change in consumers' preferences, in technology or in �rms'
mark-up strategies, but those changes accidentally appear, and do not result from �rms'
or households' behaviour. For instance, a change in the level of �rms' mark-up over their
costs is not due to a change in the good market conditions, which could make it more or
less competitive. Changes in technology do not result from �rms' e�orts in R & D, etc...

In a nutshell, DSGE models rely on the following principles, fully in line with the
neoclassical paradigm in economics:

1. Agents are endowed with substantive rationality and able to form rational expecta-
tions.

2. Markets always clear through price adjustments.

3. Each population of agents can be summarized by a representative agent.

4. The analysis focuses on an equilibrium state, which is further optimal, in the sense
that a given welfare criterion is maximised.

DSGE modelling provides with no doubt the advantage of framing macroeconomic
dynamics within a detailed behavioural microeconomic model. They further constitute a
self-contained framework, which is able to be calibrated to reproduce empirical regularities
of business cycles. The success of DSGEmodels may be also partly explained by the overall
favourable economic context in which they have been developed, until the recent economic
downturn in 2007. This period of relative price stability and sustained economic growth
among the developed countries from the end of the eighties to 2007 has been called the
"Great moderation". At least part of this stability was attributed to the improvements
of economic theory and modelling, with the DSGE models being their most sophisticated
products.
Nevertheless, those models comes with serious limitations which have been particularly

brought to the fore by the 2007 �nancial and economic crisis (see, as an illustration, the
speech delivered by the ECB governor J.-C. Trichet in Box 1.1.3). We now turn to a
discussion of those shortcomings.
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Box 1.1.3 : Extracts from a speech by Jean-Claude Trichet, Governor of the
ECB, Opening address at the ECB Central Banking Conference "Approaches
to monetary policy revisited: lessons from the crisis", Frankfurt, 18 November

2010 (full speech at
http://www.ecb.int/press/key/date/2010/html/sp101118.en.html).

[...] When the crisis came, the serious limitations of existing economic and �nancial models
immediately became apparent. [...] Macro models failed to predict the crisis and seemed
incapable of explaining what was happening to the economy in a convincing manner. As a
policy-maker during the crisis, I found the available models of limited help. In fact, I would go
further: in the face of the crisis, we felt abandoned by conventional tools.

In the absence of clear guidance from existing analytical frameworks, policy-makers had to place
particular reliance on our experience. Judgement and experience inevitably played a key role.
In exercising judgement, we were helped by one area of the economic literature: historical
analysis. Historical studies of speci�c crisis episodes highlighted potential problems which
could be expected. And they pointed to possible solutions. Most importantly, the historical
record told us what mistakes to avoid. [...]
But relying on judgement inevitably involves risks. We need macroeconomic and �nancial
models to discipline and structure our judgemental analysis. How should such models evolve?

The key lesson I would draw from our experience is the danger of relying on a single tool,

methodology or paradigm. Policy-makers need to have input from various theoretical per-
spectives and from a range of empirical approaches. Open debate and a diversity of views must
be cultivated [...]. We do not need to throw out our DSGE and asset-pricing models: rather
we need to develop complementary tools to improve the robustness of our overall framework.

Which lines of extension are most promising? Let me mention three avenues that I think may
have been neglected by the existing literature.
First, we have to think about how to characterise the homo economicus at the heart of any
model. The atomistic, optimising agents underlying existing models do not capture behaviour
during a crisis period. We need to deal better with heterogeneity across agents and the

interaction among those heterogeneous agents. We need to entertain alternative motiva-
tions for economic choices. Behavioural economics draws on psychology to explain decisions
made in crisis circumstances. Agent-based modelling dispenses with the optimisation as-

sumption and allows for more complex interactions between agents. Such approaches

are worthy of our attention.

Second, we may need to consider a richer characterisation of expectation formation.
Rational expectations theory has brought macroeconomic analysis a long way over the past four
decades. But there is a clear need to re-examine this assumption. [...]

Third, we need to better integrate the crucial role played by the �nancial system into our
macroeconomic models. [...] In particular, dealing with the non-linear behaviour of the �nancial
system will be important [...].

In this context, I would very much welcome inspiration from other disciplines: physics, engineer-
ing, psychology, biology. [...] Scientists have developed sophisticated tools for analysing

complex dynamic systems in a rigorous way. These models have proved helpful in understand-
ing many important but complex phenomena: epidemics, weather patterns, crowd psychology,
magnetic �elds. [...] I am hopeful that central banks can also bene�t from these insights in
developing tools to analyse �nancial markets and monetary policy transmission.
[...] A determinedly empirical approach � which places a premium on inductive reasoning based
on the data, rather than deductive reasoning grounded in abstract premises or assumptions �
lies at the heart of these methods. In operationalising these insights, simulations will play

a helpful role. [...]
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Keynesian models
(IS − LM-type)

DSGE models Agent-based
macroeconomic
models

Microeconomic
foundations

missing representative agent interacting and het-
erogeneous agents

Individual
agents' be-
haviour

not modelled maximisation,
rational expectations

procedural rational-
ity, local information

Macroeconomic
relationships

postulated and
estimated

mapping with
individual behaviour

emerging from local
interactions

Source of �uc-
tuations

exogenous shocks exogenous shocks endogneous: coordi-
nation issues

Table 1: Comparative approaches of macroeconomic models

1.2. DSGE models in face of the crisis: limitations and
interrogations

First, such a picture of individual behaviour based on representative optimising agents is
not in line with experimental evidence. Other scienti�c �elds, such as psychology, cogni-
tive science, social science or brain science, and other strands of the economic literature,
like experimental economics have been constantly questioning the plausibility of rational
expectations and maximising behaviour4.

Second, such a description of economic dynamics as �uctuating in the neighbourhood
of an equilibrium, does not correspond to what is observed empirically. The 2007 �nancial
and economic crisis clearly shows that strong �uctuations and huge economic downturns
do happen, and push the economy far away from any notion of "equilibrium".

Moreover, the representative agent framework and the hypothesis of market clearing
through price adjustments rule out by assumption any coordination issue and are, hence,
highly likely to remove from the analysis a key issue to the understanding of macroeco-
nomic dynamics. Coordination failures between individuals (like demanders and suppli-
ers) and between markets (like good and labour markets or credit and good markets) do
constitute a major source of the emergence of crises5.
The representative agent framework forbids also to deal with economic issues which

are related to heterogeneity among individuals. Examples of those issues include income
distribution and inequalities among households, segmentation on the labour market ac-
cording to di�erent levels of quali�cation, competition between small- and large-scaled
�rms on the credit market and the good market, interdependence between banks and the
risk of contagion phenomena in case of default. As we can see, heterogeneity is related to
timely and diverse issues of the economic analysis.

Changing the view of thinking the economic system could be grateful to better deal

4See, notably the work collected in Simon, H. A. (1996), The Sciences of the Arti�cial, Cambridge,
Mass. : MIT Press, 3rd Edition.

5Further on representative agents, coordination issues and the emergence of macroeconomic downturns
can be found, e.g. ? and ?.
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with coordination issues and to account for interactions among a large collection of het-
erogeneous agents. The following section introduces evolutionary economics. This strand
of the economic literature conceives the economy as a complex system, and explicitly
integrates those elements.

2. Evolutionary economics: the economy as a complex

adaptive system

What do the following examples have in common ?

• the immune system of an individual,

• the evolution of species within an ecosystem,

• a megalopolis,

• the start-up industry,

• a �nancial market.

They are all complex adaptive systems. Evolutionary economics takes the view that the
economic system as a whole exhibits the speci�c features of a complex system:

Large numbers of micro agents engage repeatedly in local interactions, giving
rise to macro regularities such as employment and growth rates, income distri-
butions, market institutions, and social conventions. These macro regularities
in turn feed back into the determination of local interactions. The result is an
intricate system of interdependent feedback loops connecting micro behaviour,
interaction patterns, and global regularities. (?, p.191)

The speci�c features of a complex system are the following ones6. A complex system is
i) composed by units interactions, ii) which give rise to emergent aggregate properties, i.e.
properties resulting from those units but not being properties of those individual units.
Following ?, �ve major features characterize a complex system :

1. A dispersed interaction: The outcome of an individual' decisions depends on other
individuals' decisions and on the state of the environment for a given period.

2. The absence of a global coordinator : the Walrasian auctionneer does not exist, and
markets do not always clear through price adjustments. Furthermore, price is not
necessary unique in the economy (e.g. for a same good, various levels of price may
coexist depending on each �rm' pricing decision).

3. A continuous adaptation: agents constantly adjust their behaviour to cope with
environment changes.

6See, notably, Holland, J. & Miller, J. (1991), "Arti�cial Adaptive Agents in Economic Theory", AER
Papers and Proceedings 91(2), 365-370.
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4. Perpetual diversity : agents are constantly trying new strategies, new states of the
environment perpetually arise. For instance, new �rms can enter a market at any
time.

5. Disequilibrium dynamics : the economy may evolve far from any Walrasian equilib-
rium, and any optimal state regarding a particular welfare criterion. Rationing, like
unemployment, usually prevails on markets.

The combination of those �ve elements de�ned a complex model, in which tractability
conditions are not ensured any more. Aggregate dynamics are rather obtained through
computer simulations. This provides �exibility in the design and the choices of the as-
sumptions of the model.

Conceiving the economy as a complex adaptive systems requires the development of
new analysis tools and models. Agent-based models do allow for such a representation.
The following section provides a road-map to their design and use in macroeconomics.

3. Using agent-based models to represent the

economy as a complex adaptive system

We now discuss the use of agent-based modelling as a way to adequately represent the
economy as a complex system, and highlight the main characteristics, advantages and
potential pitfalls of this modelling.

3.1. General features of macro agent-based models (ABMs)

This section is not conceived as exhaustive. The interested reader can consult Prof.
Leigh Tesfatsion's website7, which o�ers a rich library of the models which have been
developed in this literature, ? and ? (in French) for a deeper treatment of ABMs in
(macro)economics.
As mentioned above, ABMs are the representation of a decentralized market economy

as a complex system. Such a picture of the economy can be described as follows:

Agent-based computational economics (ACE) is the computational study of
economies modeled as evolving systems of autonomous interacting agents. Thus,
ACE is a specialization to economics of the basic complex adaptive systems
paradigm. (?, p. 262)

The very nature of these out-of-equilibrium models is non-linear, and analytical tractabil-
ity is not warranted any more. That is the reason why results are usually obtained through
computer simulations. Le modÃ©lisateur dispose d'une grande latitude dans le choix des
rÃ¨gles de comportement par rapport aux modÃ¨les analytiques puisque la condition de
tractabilitÃ© du modÃ¨le n'est plus nÃ©cessaire, les rÃ©sultats Ã©tant obtenus par sim-
ulation numÃ©rique. Comme le remarque ?, p. 866, "programming frees us to adapt the
tool to the problem rather than the problem to the tool". Les agents sont alors dotÃ©s

7http://econ2.econ.iastate.edu/tesfatsi/amulmark.htm
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de davantage d'autonomie dans le sens oÃ¹ leurs compÃ©tences, notamment en termes
d'apprentissage sont beaucoup plus larges que celles de l'homo economicus traditionnel
(?). Ces compÃ©tences incluent par exemple la capacitÃ© d'apprendre de son environ-
nement, de collecter des informations et des expÃ©riences passÃ©es, d'imiter d'autres
agents, d'expÃ©rimenter de nouvelles stratÃ©gies, de rÃ©viser ses croyances en fonction
des rÃ©sultats de son apprentissage.
ici introduire hetero et procedural rationality
Two main ingredients play a crucial role to allow for such a representation.
First, ABMs provide a comprehensive way to model heterogeneity regarding agents'

endowment, their strategies, their behaviour or their beliefs, without imposing any con-
straint on the number of di�erent types which may co-evolve in the system. ABMs allow
not only to model heterogeneity in exogenous agents' characteristics, such as di�erent
initial endowments or preferences. More interesting is the form of heterogeneity that
endogenously arises and evolves as a consequence of agents' behaviour: they may have
di�erent states (e.g. an household may be unemployed or employed, a �rm may be a bad
or a good debtor...), and di�erent levels of state variables (e.g. di�erent levels of incomes,
inventories, debts...). Based on that heterogeneity, agents are engaged in dispersed inter-
actions. As a consequence, they do not make use of any aggregate information or any
knowledge of an underlying economic model, as they are supposed to not be able to see the
whole picture of the economy. They instead make economic decisions only on the basis of
local observations. The overall context is characterized by uncertainty. In such a context,
agents cannot hold rational expectations, i.e. they cannot know all the possible future
states of the economy and the associated probabilities. Therefore, they cannot identify
optimal plans at any time, given the whole relevant information.
L'approche bottom-up permet de contourner les di�cultÃ©s inhÃ©rentes aux modÃ¨les

analytiques, relatives Ã  l'agrÃ©gation de comportements microÃ©conomiques, de laquelle
rÃ©sulte la dynamique macroÃ©conomique. Ces di�cultÃ©s proviennent de la combinai-
son de l'apurement des marchÃ©s et des hypothÃ¨ses en matiÃ¨re d'hÃ©tÃ©rogÃ©nÃ©itÃ©.
Dans les modÃ¨les Ã  base d'agents, les comportements macroÃ©conomiques Ã©mergent
des interactions locales entre les agents. Il est donc aisÃ© de modÃ©liser explicitement
en amont des agents hÃ©tÃ©rogÃ¨nes, aussi bien dans les attributs dont ils disposent que
dans leurs rÃ¨gles de comportements.

The second corollary ingredient is then procedural rationality (?): agents aim at sim-
plifying their decision making by adopting simple rules � or heuristics, which allow them
to cope with the overwhelming complexity of their environment. They are reactive and
autonomous as these heuristics are designed to adjust their behaviour in order to maintain
satisfying, even if sub-optimal levels of their own objectives (e.g. pro�t, utility) despite
changes in the economic environment. These heuristics may be partly stochastic, in order
to allow for heterogeneous reactions from individual agents.
les agents ne peuvent pas optimiser un objectif, dans la mesure oÃ¹ leurs capacitÃ©s

cognitives (mÃ©moire, capacitÃ©s de calcul...) et leurs informations sont limitÃ©es. Au
contraire, ils cherchent Ã  adopter des rÃ¨gles de dÃ©cision simples, ou routines, qui leur
permet d'atteindre un niveau satisfaisant de leur objectif, compte tenu des di�cultÃ©s
inhÃ©rentes au monde complexe dans lequel ils Ã©voluent. Par exemple, dans notre
modÃ¨le, la �rme adopte une simple rÃ¨gle de rÃ©vision adaptative de sa stratÃ©gie
de demande de travail, dans le but d'augmenter son pro�t: si la tendance du pro�t est
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croissante, la �rme augmente sa demande de travail d'un taux �xÃ© et inversement. Cette
forme d'algorithme graduel, proche de l'apprentissage du gradient, modÃ©lise de maniÃ¨re
intuitive ce concept de rationalitÃ© procÃ©durale (?, pp. 1631-32).

As a macroeconomic consequence of these two microeconomic assumptions � hetero-
geneity and procedural rationality, agents' decisions are not necessarily mutually consis-
tent, as they do not rely on optimization programs based on the same amount of infor-
mation, the same corresponding forecasts, and the same objectives. Consumption and
production plans are not necessarily feasible, markets cannot be passively regulated by
prices adjustments thanks to a global coordinator, in the spirit of the Walrasian auction-
eer, and rationing (in particular involuntary unemployment) may prevail. The resulting
model can be seen as an dynamic out-of-equilibrium model, which usually also involves
stochastic components, e.g. stochastic behavioural rules. The purpose is then to study
the whole generated process. That process may allow for agents' coordination or conver-
gence towards an desirable state, but that is not a necessary property of the system. This
feature contrasts sharply with analytical models, in which the analysis focuses on (or in
the neighbourhood of) the equilibrium state.

Les modÃ¨les macroÃ©conomiques Ã  base d'agents sont dotÃ©s de microfondations,
tout comme les modÃ¨les analytiques. Cependant, le comportement agrÃ©gÃ© du modÃ¨le
n'est pas obtenu par une approche top-down, c'est-Ã -dire en imposant des contraintes
sur les comportements micro, telles que la condition d'apurement des marchÃ©s ou les
conditions de transversalitÃ©. Les rÃ©gularitÃ©s macro, telles que le taux de chÃ´mage
ou le niveau d'endettement global des mÃ©nages Ã©mergent de l'interaction des agents
micro selon une approche bottom-up (?).
MÃªme si le modÃ©lisateur spÃ©ci�e les schÃ©mas de comportements des agents indi-

viduels ainsi que de leurs interactions, l'objet d'analyse est la dynamique globale du sys-
tÃ¨me Ã©conomique (?). Ainsi, l'objet d'Ã©tude central se dÃ©place de l'Ã©tat d'Ã©quilibre
du systÃ¨me, ou son voisinage, dans les modÃ¨les analytiques, vers le dÃ©roulement entier
de la dynamique d'Ã©volution de l'Ã©conomie. L'Ã©quilibre est un rÃ©sultat potentiel, sur
lequel les agents peuvent se coordonner, plutÃ´t qu'un prÃ©requis de la modÃ©lisation.
Cette approche permet aussi de modÃ©liser des dynamiques complexes. Dans un modÃ¨le
Ã  base d'agents, les choix d'un agent, Ã  un moment donnÃ©, dÃ©pendent, au moins
indirectement, des choix passÃ©s de cet agent ainsi que des choix des autres. Les Ã©tats
passÃ©s du modÃ¨le dÃ©terminent, au moins pour partie, le dÃ©roulement du modÃ¨le
dans les pÃ©riodes suivantes: on parle de dÃ©pendance au sentier. Les dynamiques qui
rÃ©sultent de ces interactions peuvent Ãªtre non linÃ©aires, et la modÃ©lisation Ã  base
d'agents permet de contourner la nÃ©cessitÃ© d'une mÃ©thode de linÃ©arisation pour les
traiter analytiquement.
The resulting model can be used as a virtual laboratory, in which a wide range of

economic con�gurations can be simulated, policies can be implemented and assumptions
can be tested in silico.

3.2. Use of agent-based models

ConcrÃ¨tement, le chercheur Ã©crit un code informatique qui programme une Ã©conomie
arti�cielle. Une fois chaque agent et les conditions initiales spÃ©ci�Ã©s, le modÃ¨le doit
Ãªtre dynamiquement complet, c'est-Ã -dire qu'il doit Ã©voluer seulement sur la base des
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interactions des agents, sans intervention supplÃ©mentaire du modÃ©lisateur. De ces inter-
actions entre les agents au niveau microscopique Ã©mergent alors, de maniÃ¨re autonome,
des comportements observables au niveau macroscopique.
Concretely, the modeller has �rst to specify the whole functioning of the model in

details, including the agents and their behavioural and interaction rules. Then, she/he
writes a computer code, to obtain an arti�cial economy embedded in a computer simula-
tion. Each loop of the program corresponds to one period of the economy, and the model
reproduces itself for a given number of periods on the basis of the interactions, without
any further intervention of the modeller. An ABM operates sequentially. Aggregate data
are then collected as a result of those local interactions, and macroeconomic patterns en-
dogenously emerge from repeated executions of the program. ABMs have the signi�cant
advantage of providing microfundations to macroeconomic models without the need to
assume optimizing and representative agents.
We have to explicitly model every interaction between agents on markets, how suppliers

and demanders meet each other, how exchanges are performed, what are the rationing
rules.
We have to reproduce the dynamics of those interactions, and to analyse the emergent

aggregate properties.
In order to conceive an ABM, the modeller proceeds as follows:

• Creating individual agents (e.g. �rms, households)

• De�ning their behaviour (e.g. savings/consumption behaviour, hiring behaviour)

• De�ning their interactions (e.g. how unemployed households meet �rms' vacancies)

• De�ning aggregate data to save for each period (e.g. unemployment rate, produc-
tion...)

• De�ning the initial conditions (e.g. the amount of households' initial endowment)
and parameter values (e.g. the number of machines per �rm).

• Setting the number of periods to run the model.

The ABM is then analysed along the following lines:

• Running the model to obtain an history of the system to analyse:

� either instantaneously (through the graphical interface)

� or statistically (at the end of the run)

• In case that the model involves stochastic elements, repeating several times the
history.

• Comparing histories with di�erent parameters or policies to perform policy
evaluation.
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3.3. The soaring of (macro-)economic agent-based models

The development of agent-based models (ABMs) and micro-simulations in the area of
arti�cial intelligence, and their fruitful applications to a wide range of thematics, such as
ecology, epidemiology, road tra�c, particle physics or demography o�ers an interesting
alternative to these usual analytical economic models or, at least, an interesting comple-
mentary way of thinking macroeconomics. Application of ABMs in this �eld has given
raise to the ACE literature. The use of ABMs in this literature allows to model the
economy as a complex adaptive system.

Very early, computer programming had been recognized by some researchers at the
Carnegie Mellon University as the "natural theoretical language" to describe �rms' deci-
sion processes and interactions (H.A. Simon, Cyert, March, Cohen). Cohen is the �rst to
point out that such an approach would avoid aggregation issues as macroeconomic data
would be simply obtained by summing up individual ones8. However, this project has only
recently been explored in (macro)economics, and the ACE literature is still in its infancy.
The pioneer contribution is Nelson & Winter's model in industrial dynamics9. The model
of the French labour market by G. Ballot10 and the Arti�cal Stock Market model of the
Santa Fe Institute is another well-known early contribution11. The need to wait for the
development of personal computers and object-oriented languages like Java has with no
doubt delayed the development of this line of research. As explained in Sub-section 1.1,
the critics towards IS − LM -type models have also pushed macroeconomics away from
the computer simulation tools.
We brie�y discuss some of the major contributions in the macro-ABM literature. A

signi�cant part has been devoted to a "proof-of-concept" that this approach is able to
interestingly account for the main features of a market economy, especially the endogenous
emergence of coordination between agents on the labour and good markets (e.g. ?, ?, ?),
and the endogenous emergence of business cycles (see, inter alia, ?, ?, ?, ?, ?). Some
contributions, such as ? and ?, ?, put an emphasis on the empirical exercise, and show
how an ABM is successful to reproduce a broad range of observed regularities. In a more
ambitious project, the EURACE model (see ?) aimed at developing a large-scaled ABM
of the European economy, and has then been used as a policy simulator, e.g. for monetary
(unconventional) policies (?), or labour market policies (?). Policy simulations and design
have been indeed also contemplated in ABMs, notably concerning monetary policy rules
(?, ?, ??, ?, ?), macroprudential policies in a crisis context (?), minimum wage policy (?)
and �scal policy and income distribution (?).
It is clear that contributions in macro ABMs are very recent, and this strand of the

economic literature is growing fast.

8Cohen, K. (1960), Simulation of the �rm, American Economic Review 50(2), 534-540.
9Nelson, R. & Winter, S. (1982), The Schumpeterian Tradeo� Revisited, American Economic Review

72(1), 114-132
10Modeling the labour market as an evolving institution : model ARTEMIS, Journal of Economic Be-

havior and Organization, 2002, 49(1),51-77.
11LeBaron, B. (2002), Building the Santa Fe Arti�cial Stock Market. Working Paper, Brandeis University.
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3.4. Limits and pitfalls when constructing ABMs

PremiÃ¨rement, comme nous l'avons vu, le modÃ©lisateur dispose d'une plus grande lati-
tude dans le choix des rÃ¨gles de comportement assignÃ©es aux agents et, plus gÃ©nÃ©rale-
ment, dans la conception du modÃ¨le. Contrepartie de cette plus grande libertÃ©, ces
modÃ¨les peuvent apparaÃ®tre ad-hoc aux tenants des modÃ¨les analytiques, c'est-Ã -
dire que leurs hypothÃ¨ses ne sont pas nÃ©cessairement fondÃ©es sur des formalisations
thÃ©oriques usuelles, telles que la maximisation sous contraintes d'une fonction aux pro-
priÃ©tÃ©s habituelles. La structure du modÃ¨le est d'autant plus di�cile Ã  justi�er qu'il
est di�cile de confronter les rÃ©sultats des modÃ¨les Ã  base d'agents aux donnÃ©es em-
piriques. En e�et, ces modÃ¨les simulent di�Ã©rents scenarii possibles en fonction des
hypothÃ¨ses et con�gurations initiales. Il produisent ainsi un spectre de dynamiques et cet
ensemble de rÃ©sultats colle di�cilement aux donnÃ©es empiriques, qui sont, par nature,
une rÃ©alisation unique d'un processus gÃ©nÃ©rateur de donnÃ©es mÃ©connu (?).
Cependant, le contre-argumentaire de ? est intÃ©ressant Ã  cet Ã©gard: "In defense

of this "ad-hocquerie", the following should be stressed. Once we leave the comfortable
world of agents who experience no limits to their cognitive abilities, ad-hoc assumptions
are inevitable. This is due to the fact that we do not fully comprehend the way individuals
with cognitive limitations process information. In contrast, there is not secret in how the
superbly informed individuals in the rational expectations top down world process infor-
mation. [...] In addition, the current DSGE-models have attached many ad-hoc features
aimed at improving the empirical �t which they fail to produce without these additions..
L'introduction d'Ã©lÃ©ments ad-hoc est ainsi incontournable. NÃ©anmoins, nous tentons
de dÃ©vouer un grand soin Ã  la justi�cation des hypothÃ¨ses que nous retenons dans
notre modÃ¨le.

DeuxiÃ¨mement, comme mentionnÃ© plus haut, un modÃ¨le Ã  base d'agents doit Ãªtre
dynamiquement complet. Sa construction requiert alors la spÃ©ci�cation complÃ¨te et
dÃ©taillÃ©e des donnÃ©es des agents, de leurs rÃ¨gles de comportement et d'interaction
ainsi que des conditions initiales (valeurs des paramÃ¨tres structurels du modÃ¨le, des
dotations et stratÃ©gies initiales des agents...). Si les interactions induisent de forts e�ets
en retour sur le comportement du modÃ¨le, les rÃ©sultats peuvent Ãªtre trÃ¨s sensibles
Ã  des changements relativement mineurs dans la spÃ©ci�cation initiale (?). Pour que les
rÃ©sultats obtenus soient su�samment robustes, il est souvent nÃ©cessaire de mener des
expÃ©rimentations intensives sur de larges con�gurations des spÃ©ci�cations possibles.
Outre l'ampleur de la tÃ¢che et le temps requis, exploiter les donnÃ©es gÃ©nÃ©rÃ©es par
un modÃ¨le Ã  base d'agents soulÃ¨ve des questions mÃ©thodologiques (voir ?).
En e�et, la complexitÃ© d'un tel modÃ¨le interdit souvent l'utilisation des outils tra-

ditionnels de l'analyse Ã©conomique: dÃ©�nitions et hypothÃ¨ses dont dÃ©coulent des
thÃ©orÃ¨mes prouvÃ©s analytiquement, statique comparative, rÃ©solution sous forme
rÃ©duite... Les mÃ©thodes computationnelles simulent des scenarii possibles, en fonc-
tion des conditions initialement spÃ©ci�Ã©es. On peut alors mettre en doute le car-
actÃ¨re reprÃ©sentatif des rÃ©sultats obtenus dans la mesure oÃ¹ ces scenarii ne con-
stituent que des exemples, par opposition aux modÃ¨les analytiques capables de fournir
des thÃ©orÃ¨mes. Ce problÃ¨me est accentuÃ© lorsque le modÃ¨le est non-dÃ©terministe,
et qu'une mÃªme con�guration initiale produit des trajectoires di�Ã©rentes chaque fois
qu'elle est rÃ©pÃ©tÃ©e. C'est le cas de notre modÃ¨le, dans la mesure oÃ¹ les tirages
alÃ©atoires lors de l'initialisation ainsi que du processus d'apprentissage y introduisent
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des Ã©lÃ©ments stochastiques.
Cependant, comme le souligne ?, p. 886, "theories usually examine a continuum of

examples, but [...] assumptions made for reasons of tractability may miss many interest-
ing phenomena [...]. While computations examine only a �nite set of examples, that set
can be taken from a much more robust set of possible speci�cations, allowing more �exible
functional form speci�cations as well as more complex and realistic assumptions about
the distribution of information and evolution of beliefs. The relevance and the robustness
of examples is more important than the number of examples and computational meth-
ods allow one to examine cases that theory cannot touch". ? fournit ainsi un guide des
di�Ã©rentes techniques computationnelles permettant d'examiner de maniÃ¨re systÃ©ma-
tique les dynamiques de ces modÃ¨les et d'en tirer des propositions fondÃ©es. Il existe
donc des rÃ©ponses computationnelles aux interrogations que suscitent les modÃ¨les Ã 
base d'agents et la robustesse de leurs rÃ©sultats.
NÃ©anmoins, ces mÃ©thodes computationnelles posent aussi des problÃ¨mes en termes

de communication des rÃ©sultats. Alors que les thÃ©orÃ¨mes fournis par les modÃ¨les
analytiques constituent une Ã©nonciation claire et concise d'un rÃ©sultat, il est beaucoup
moins aisÃ© de rÃ©sumer l'information apportÃ©e par un grand nombre d'exemples de
maniÃ¨re intelligible (?). A cet Ã©gard, l'annexe ?? de ce chapitre expose les outils
d'analyse auxquels nous avons recours pour exposer les rÃ©sultats de notre modÃ¨le.
Nous espÃ©rons ainsi faciliter l'accessibilitÃ© et la critique de notre travail Ã  des lecteurs
qui ne sont pas nÃ©cessairement familiers de cette mÃ©thode et de ces outils. En e�et,
nous adoptons le point de vue de ?, pp. 891-92: "The ultimate goal is for computational
and theoretical tools to interact in a fruitful manner. [...] The hope here is that a clear
understanding of alternative methodologies will foster vigorous interactions where each
approach bene�ts from the insights of the other".

Ici parlerdu modÃ¨le de Pascal et rÃ©fÃ©rences?
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A. Further elements

A.1. The Jamel model

Box A.1 : The Jamel model

A.2. Further readings

? ?
? and ? ?, ?
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