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Introduction
One of the main tasks of economic theory is to explain the outcomes of a
decentralized economy. That is, one of its principal aims is to construct logically
coherent, comprehensive stories about what is going on in such an economy that
are compatible with observed facts. In this sense, explanation of the course of
events in a decentralized economy equates to understanding its disparate
phenomena (see Aumann [1985]). It might be tempting to interpret the difficulty
of economic theory to explain the fluctuations in the aggregate economic activity
known as business cycles, as merely a matter of a degree of precision not yet
reached in the understanding of decentralized economies. However, the most
recent empirical evidence pertaining to Eastern Europe suggests that decentralized
trade entails deeper questions that economic theory does not yet offer an answer
to.
One of the central problems with which economic theory is concerned
remained the same since Smith [1776]: How, why, and when does the ‘invisible
hand’ work? Many of the difficulties of decentralized economies seem to be
related to problems of information and coordination between individual agents.
It may therefore happen that individual agents make decisions that are rational
for themselves, while, however, suitable coordination of these individual choices
could lead to results that would be preferable for all involved. Clearly, in the
former centrally-planned economies these questions were meant to be resolved
by making the hand very visible and conspicuous; that was not very successful
however. Now, while ‘perestrojka’ has dismantled most of these institutions, and
‘glasnost’ has made everything transparent, it seems that no hand is available,
whether visible or not, and that all faith concerning the coordination of economic
activities has simply been pinned to the working of completely free prices.
Therefore, what is still necessary is a theory that analyzes coordination problems
in a decentralized economy. This thesis should be considered as part of a research
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Introduction

program whose aim is that of establishing such a theory. The thesis contains four
essays on decentralized trade. Although the four essays deal with the same topic,
and form a logical sequence, they can be read independently.
The first essay is a discussion of the Walrasian view on the problem of
decentralized trade. Fundamental of that approach is the idea that a theory of
decentralized trade must necessarily be based upon autonomous agents, i.e., by
making assumptions only with respect to the individual agents’ preferences and
their physical environment. Many economists claim that Walrasian models are
capable to explain both the behavior of individual agents and the overall outcome
of their actions in a decentralized economy, in which all individual choices may
be realized as planned. Actual deviations from such a remarkable and fortunate
state, are said to be due to real world complications in the form of external
effects, public goods, increasing returns, etc. We delineate the Walrasian
perspective through an analysis of the structure of not only the basic Walrasian
flexible price model, but also fixed price models, imperfectly competitive models
and temporary equilibrium models. Those models are often called non-Walrasian,
but we show that they share the same, Walrasian, perspective. We argue that the
Walrasian approach in order to explain anything, has to take resort to concepts
and structures that transcend the level of the individual agents, and does not
succeed in proving what it claims. In other words, the structure of Walrasian
models is such that they cannot be considered as ideal representations of
decentralized economies. Hence, statements about the acceptability or optimality
of decentralized trade cannot be based on theoretical results concerning them.
Our argument is not that the Walrasian models are unrealistic. Frequently
these models are considered as a scaffolding for the construction of a theory of
decentralized trade. Although this scaffolding is an impressive construction,
firmly based upon axioms, we argue not so much that it is however only a
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scaffolding, but that it might not be the kind of scaffolding necessary for the
construction of an economic theory of decentralized trade. We argue that a
different methodological point of view, which pays explicit attention to the real
interaction between individual agents in a decentralized economy is necessary.
In essay II a formal model of a decentralized economy is presented, in which we
consider explicitly some forms of interaction between individual agents. In
particular, we do no longer assume that all trade and communication take place
centrally through ‘The Market’, a public good kindly provided by the auctioneer,
but instead, that the individual agents have to create their own markets. Some of
the essential properties of decentralized trade taken into account are that
individual agents have a limited knowledge of their economic environment, that
such knowledge requires some kind of communication or interaction between
these agents, and that individual agents need some information about other agents
in order to meet potential trading partners. In this approach, a market is not a
central place where a certain good is exchanged, nor is it simply the aggregate
supply and demand of a good. A market is constituted by communication
between individual agents.
We consider trade in a homogeneous commodity. Firms decide upon their
effective supplies, and may create their own markets by sending a number of
information signals communicating their willingness to sell. Meeting of potential
trading partners is arranged in the form of shopping by consumers. Consumers
visit only those agents of whom they are informed that these are firms possibly
offering them a trading opportunity. We consider a Symmetric Nash Equilibrium
in the firms’ strategies. A necessary condition for existence of a SNE is that the
production technology has decreasing returns to scale. Moreover, the costs of
making a market and/or producing for the market must not be too high relative
to the price of the commodity for each possible extent of the market at all levels
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of production. The latter might be due not only to the level of prices and costs
as such, but also to a too small number of potential buyers in the economy or a
too large number of competing firms. In a SNE the economy splits up in a
number of possibly overlapping, imperfectly competitive markets. Trading
opportunities are stochastic, and both firms and consumers may be rationed at the
same time, i.e., markets are not orderly.
The developed framework appears to lend itself well to study many typical
phenomena of decentralized economies, such as the emergence of central markets,
the role of middlemen, and price-making. There are, however, also some
limitations inherent to this approach. For example, we analyze a static, one-period
model, and we assume that firms do have objective knowledge about the
aggregate demand and the aggregate signaling activity. Typical of a decentralized
economy is the locally interacting character of such a system, and the fact that
most interaction takes place on a repeated basis. This puts forward important
difficulties as to the modeling of an individual agent’s actions.
Therefore, essay III discusses not the scaffolding, but the foundations of an
economic theory of decentralized trade. The starting-point of economics is the
homo oeconomicus who, given his preferences, pursues his self-interest, seeking
to do the best he can. Often it is said that the fundamental characteristic of the
homo oeconomicus is his rationality. Rational behavior in economics means that
an individual agent chooses the most preferred action in his perceived opportunity
set, where opportunities are defined such that all perceived costs and benefits are
taken into account. Hence, rationality is necessarily constrained to be an
essentially contentless notion in economics. We discuss several alternative
approaches to rationality sometimes found in the literature, such as expected
utility theory and theories of bounded rationality, and show that these are
inconsistent with the economic approach.
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By postulating that all actions of economic agents are rational, rationality is
no longer a powerful, independent, explanatory factor of individual behavior. We
argue that the homo oeconomicus is not the explanandum of economics. On the
contrary, the rational individual agent, taking into account his preferences and
perceived opportunities, is the explanans of economic theory. The substantive
interest of economists is in the aggregate outcomes of the actions of many of
these agents. Hence, a crucial point concerning economic models is the modeling
of the agents’ perceived opportunities. We argue that it may be fruitful to
consider the perception of opportunities as an endogenous process, i.e., to assume
that this perception depends strictly upon the preceding sequence of actions.
Then, in a formal model, actions will be a function of perceptions, and
perceptions a function of earlier actions. As a result, one gets a sequence analysis
of actions in which perceptions or expectations do not appear explicitly, and one
could model each rational individual agent’s actions as a function of previous
actions and outcomes.
In essay IV we analyze a dynamic model of decentralized trade that bears some
resemblance to the model of essay II, with its explicit communication structure,
incorporating the insights from essay III concerning the modeling of the actions
of individual agents. A model of decentralized trade is considered with two types
of agents: firms that produce a given commodity, and consumers who repeatedly
wish to purchase one unit of that commodity. Consumers ’shop around’, while
firms may attract the attention of potential customers by sending information
signals. Trading opportunities perceived by the locally interacting individual
agents change endogenously from period to period; either due to a change in
underlying circumstances or to a change in the perception of these circumstances.
Important is the interaction between these two, i.e., between the dynamics of
learning and the dynamics of economic forces as such. We use a combination of
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Genetic Algorithms and Classifier Systems to model each individual agent as a
‘machine’. One of the important advantages of these Artificial Intelligence
techniques is that they make it possible to analyze in how far the market provides
sufficient structure to tie down the set of possibly perceived opportunities, thus
constraining the behavior of the individual agents.
We run a simulation of the model with 50 firms and 5000 consumers for
2000 periods. A macroeconomic ’equilibrium’ characterized by comparatively
steady aggregates is approached, in which competition appears to lead to
coordination of economic activities, communication by firms and patronage by
satisfied consumers play an important role, and high communication expenditures
are a significant source of macroeconomic inefficiency. The microeconomic
distributions underlying the aggregates show strong differences between the
market shares of firms, and between the shopping strategies of the consumers.
Nevertheless, on average all firms offer an identical service rate, and the costs
incurred per unit sold are also identical for all firms, while the rate of shopping
success is equal for all consumers. The emerging regularities show that the
market does tie down the set of possible beliefs of the agents, and does constrain
their actions. Hence, further developments of this approach seem promising.
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I On the Walrasian Perspective
and Decentralized Economies

1. Introduction
One of the main tasks of economic theory is to explain the outcomes of a
decentralized economy. The most fully developed models addressing this problem
are the general equilibrium models (further referred to as the ‘Walrasian
models’). Very few people have ever claimed that such models give a realistic
description of a decentralized economy, and the founders of general equilibrium
theory never made any claims to realism (see Punzo [1989] for a survey, but also
Negishi [1962] for an exception). Hence, in this essay we will restrict our
attention to the relatively safe domain of pure theory.
In this field, then, something similar to the following is frequently claimed:
take a pure exchange economy
given preferences

consisting of a set A of autonomous agents with

∈ P and endowments ω ∈

l
+:

:A→P×

l
+

, let these

individual agents freely choose their demands, given the prices, then it can be
proved that, having made only the appropriate assumptions about the primitives
of the economy, there exists an equilibrium in which the choices of all these
agents may be realized.
Note that this would be a remarkable result, as each individual agent was
considering only his own preferences and endowments. In this essay we address
the question whether such a claim, which we will call the Walrasian claim, is
right.
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An answer to this question is of theoretical importance. Within the social sciences
there is continuous debate about the appropriate basic subject-matter of social
theory. To simplify matters in economics terms, there is deemed to be a spectrum
of possibilities ranging from the micro to the macro level (see e.g., Giddens &
Turner [1987] for a systematic overview). The Walrasian claim means that one
can explain both the behavior of individual agents and the overall outcome of
their actions in a decentralized economy, by adopting the methodological point
of view of the first of the extremes of the spectrum, that is, by starting the
analysis at the level of autonomous subjects. An autonomous subject is an agent
whose set of possible actions and outcomes is not predetermined by any form of
a given structure, a set of rules, a certain context, or anything that transcends the
level of the agents. Moreover, a theory that considers the overall outcome of
these individual actions is a theory based upon autonomous subjects if and only
if this overall outcome is, in one way or another, thought to depend only upon
the behavior of these agents. If the Walrasian claim were right, then that would
be a major theoretical achievement. Note that the issue of an explanation of the
outcomes of a decentralized economy goes back, at least, to Smith [1776]. Smith
leaves many things implicit, and each individual is thought to act simply out of
self-interest. However, the conclusion that this behavior will lead to an optimal
overall outcome can only be thought with help of the transcendental ‘invisible
hand’, a concept that embraces the whole economy, but stands itself above the
level of the subjects.
But an answer to the question is also of practical importance. For example,
a popular idea among both economists and policy makers is that the purely
theoretical, mathematical economics, although dealing with unrealistic and
abstract models, has at least proved that a decentralized economy is Pareto
optimal, as long as there are no real world complications in the form of external
effects, public goods, increasing returns, etc. Such an idea induces both
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researchers (e.g., Hahn [1982b]) and policy makers to focus attention exclusively
upon these complications. However, if the Walrasian claim were unjustified, then
statements about the acceptability or optimality of decentralized trade could not
be defended at all by reference to theoretical results concerning Walrasian
models.
We will argue that the Walrasian claim is not right. In section 2, we will describe
the Walrasian point of view on how to model a decentralized economy. We will
expose the structure not only of the basic Walrasian flexible price model, but also
of fixed price models, imperfectly competitive models and temporary equilibrium
models. Although it is not an exhaustive survey of models exhibiting the same
structure, it will suffice to indicate the implications and limitations of the
Walrasian approach to the modeling of a decentralized economy, and to evaluate
the claim in section 3. There, we will argue that the structure of Walrasian
models is such that these are inconsistent with the Walrasian claim, and that they
cannot be considered as ideal representations of decentralized economies. In
section 4, in discussing some other Walrasian views, we will anticipate some
possible criticisms of Walrasians who will be in disagreement with the analysis
of the previous sections. In section 5 we will conclude by indicating some
possibilities of future developments of economic theory. We will argue that a
different methodological point of view, paying explicit attention to the real
interaction between individual agents in a decentralized economy, is necessary.
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2. The Walrasian Perspective
A description of the Walrasian approach to the modeling of decentralized
economies may seem superfluous, but it appears that sometimes economists do
not know exactly what is implied by this perspective. Usually, the adjective
Walrasian is related to a market-clearing equilibrium in all markets, accomplished
by fully flexible prices. Sometimes even something like an auctioneer-cumtâtonnement construction is mentioned, but, for example, the fact that the
auctioneer and the tâtonnement process are two logically separate concepts is not
always apparent (e.g., Laroque [1987] or Benassy [1987]). Non-Walrasian is then
simply understood as less than fully flexible prices, resulting in non-marketclearing, i.e., non-Walrasian, equilibria. Such contributions are often called ‘nonWalrasian’. However, we will show that there exists a broad class of
contributions, including numerous ‘non-Walrasian’ elements, that share the same
general structure and reveal a common approach to or view on how to model a
decentralized economy. This methodological point of view we will call the
Walrasian perspective, and all contributions sharing that perspective are to be
viewed as constituting elements of the Walrasian discourse.
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2.1 The Basic Model: Flexible Prices
The most frequently recounted Walrasian ‘stories’1 start with the existence of
an auctioneer. He publicly announces prices for every good. Taking into account
endowments, preferences, and technologies, each optimizing agent, believing the
economy is in equilibrium, states the amount of each good he wants to demand
at the announced prices to him. If the auctioneer, after aggregation over all
individual agents, finds out that some market excess demands are not equal to
zero, he applies a simple price adjustment rule, changing prices proportionally to
the aggregate excess demand, so that if excess demand is positive, he raises
prices. Given these new prices, agents express their revised plans to the
auctioneer, who considers them again. This process of ‘groping’ (tâtonnement)
continues until the auctioneer has found the vector of prices at which excess
demands equal zero in each market. Only then do transactions take place and
every agent will indeed be able to transact exactly as much as he had planned at
the given prices. When all the transactions have been executed, the time for
consumption and production starts. The future can be divided into a finite number
of elementary periods and states of the world, and markets for all commodities
in all future periods and all states of the world exist at one point in time, i.e., at
the beginning of economic history. Contracts will be concluded at that moment.
In the future they have only to be executed.
In order to demonstrate the meaning of the Walrasian perspective further and to
illustrate its logical distinction from a Walrasian equilibrium as such, we will

1

Since McCloskey [1983] and Klamer [1984] concepts as rhetorics and stories have also
become common in economics. The broadest treatment of economics as a discourse can be
found in Samuels [1990]. At this point, with ‘stories’, we are not referring to any specific
contribution to the Walrasian discourse. In particular, we do not yet refer to the land-mark work
by Debreu [1959], to which section 4.2 is dedicated.

Vriend, Nick (1993), Essays on Decentralized Trade
European University Institute

DOI: 10.2870/43227

6

I On the Walrasian Perspective

now discuss some classes of models that may yield non-Walrasian equilibria, and
which are often, rather misleadingly, called non-Walrasian models.

2.2 Fixed Price Models
A development that has attracted much attention since the beginning of the 1970s
is the literature about models in which prices are fixed (e.g., Drèze [1975] or
Benassy [1982]). In these models an auctioneer announces a vector of fixed
prices that is not necessarily equal to that of the Walrasian equilibrium. Given the
price vector, each individual agent, taking into account his endowments and
maximizing utility, expresses a vector of demands (for all markets
simultaneously), that may be called ‘notional’ demands. Depending upon the
expressed demands of all the other agents in the model and given a set of
functions that relates these notional demands to attainable transactions for every
agent (i.e., a set of rationing schemes), each individual agent might hear that he
will be constrained in his transactions in some markets. Taking into account these
quantity signals, every agent may express revised demands, ‘effective demands’,
for all markets, and consequently hear changed constraints. The auctioneer
continues this quantity tâtonnement process until the newly expressed effective
demands are equal to the former ones. Only then, when a K(eynesian)
equilibrium has been reached, may transactions take place. As a result, the
perceived quantity constraints that the agents have taken into account when
determining their final effective demands are the same as those which will
actually be generated by the exchange process. Generally, it is assumed that the
rationing schemes have at least the following properties: Voluntary exchange and
market efficiency (i.e., if there is aggregate excess demand for a good, then no
agent can have an unsatisfied supply of that good, and vice versa), which, taken
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together, provides the ‘short-side rule’. This rule, saying that the ‘short side’ of
the market will always be able to realize its demand, implicitly presumes the
performance of an auctioneer.
In the resulting K-equilibrium there may be aggregate excess demands not
equal to zero. In this sense, the perfect coordination typical of a Walrasian
equilibrium is not present. However, given the institutionally restricted space of
prices, in a K-equilibrium every agent gets exactly what he expected when
expressing his demands, and in this sense the plans of all agents are compatible.

2.3 Imperfectly Competitive Models
The essential characteristic of imperfect competition is that “at least one agent
in the economy has the right knowledge that the signals that he receives from his
environment depend in whole or partially upon his own choices in a foreseeable
way, and tries to exploit this dependence to his own profit” (Gary-Bobo [1987],
p.2).
In a Cournot-Walras model (Gabszewicz & Vial [1972]), firms use quantities
as a strategic variable, exploiting their objective knowledge of the demand
function. It is assumed that firms know that, and how, a change in their own
proposed demands influences the price vector. For the rest, the tâtonnement
proceeds as usual.
The theory of general equilibrium with price making was first developed by
Negishi [1961]. The most general treatments can be found in Benassy [1982] and
Benassy [1987]. The former combines the theory of Negishi [1961] with the more
recent theory about rationing. Commodities are distinguished by the agents setting
their price, and a subset of prices is assumed to be fixed. Each price maker may
choose the prices of a subset of commodities in order to manipulate his quantity
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constraints. Given the perceived demand curve, a price maker will set his price
by solving the usual optimization problem, thus making equal marginal cost and
marginal revenue. However, the quantity signals used to estimate the demand
curve and the generation of these quantity signals by setting prices are, in fact,
two simultaneous, interacting processes. To solve this problem Benassy [1982]
makes play with the cryptic characterization of an “implicit instantaneous
interaction” (p.95) of the two processes.2 In other words, Benassy relies upon
an auctioneer-cum-tâtonnement process in both prices and quantities. A Kequilibrium has been reached when every price maker is satisfied with all the
price-quantity combinations obtained, and thus does not want to change the prices
of the subset of commodities of which he is a price maker, or the quantities of
the other subset of commodities of which he is a price taker. Only then do
transactions take place. This procedure assures that perceived constraints are
equal to actual constraints in equilibrium, thus satisfying the minimal coherence
condition of the ‘subjective’ approach. In the ‘objective’ version of this approach,
perceived and actual demand curves are equal everywhere. Such an analysis is
performed by Benassy [1987], who makes use of a dual tâtonnement as well,
although he claims that he has given an analysis of “price making by
decentralized agents in the absence of an auctioneer” (p.23).

2.4 Temporary Equilibrium Models
Dynamic models within the Walrasian discourse are the result of the development
of temporary equilibrium models; an idea usually attributed to Hicks [1939] and

2

According to Benassy [1982], this ambiguous feature is inherent to the use of this
framework and can be found, explicitly or implicitly, in all the literature on equilibria with
monopolistic competition.
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brought into fashion in the 1970s by Grandmont. These models can be
characterized by two modifications of the models discussed above. First, the set
of future markets is not complete, i.e., not every conceivable forward
commitment is possible. To determine an equilibrium, resort is made to one of
the Walrasian auctioneer-cum-tâtonnement mechanisms as outlined above. That
is, prices may be flexible, fixed or set by price makers, and thus an equilibrium
may be Walrasian or, for example, K(eynesian). This concept of equilibrium
applies only to a single period and is called a ‘temporary equilibrium’. Because
a non-empty part of the space of goods is unmarketable, at the beginning of time
not all transactions can be executed, and not all the plans of all the agents are
pre-reconciled. This has two interesting consequences. First, agents take the a
priori given transaction constraints with respect to some future goods into account
when deciding on their plans concerning other goods. Second, the individual
agent’s decisions depend not only upon current variables, but also upon his
expectations concerning all not-yet-determined future variables. Thus, second
modification, the temporary equilibrium model concerning only one period,
logically requires an extension to future periods. This is rendered possible by
considering a sequence of temporary equilibrium models. In each elementary
period, markets have to reopen because not all forward commitments have been
possible in preceding periods. Only at discrete intervals, at the junction of
subsequent periods, do all agents simultaneously make new decisions, taking
account of the decisions of the past and their consequences. Within each period
only consumption and production as a result of concluded commitments take
place. As Grandmont [1977] puts it: “Once an equilibrium is reached, trading
takes place, and the economy moves to the next period” (p.557).
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2.5 Recapitulation of the Walrasian Discourse
Leaving to one side the relative merits or weaknesses of the models reviewed, we
can conclude that all the sketched models have, explicitly or implicitly, the
following related and partially overlapping characteristics. First, the existence of
an omniscient and omnipotent auctioneer. The auctioneer collects and
disseminates information, he adjusts prices and/or quantities, and he physically
executes the actual exchange at the appropriate moment, thus taking care of a
frictionless, orderly market. Moreover, the auctioneer must check that the rules
are respected; thus e.g., each individual’s budget constraint must be obeyed.
Second, the importance of the tâtonnement process.3 Only when this ‘groping’
does not provide the auctioneer with new information, may exchange take place,
but never before that moment. If transactions took place before, the endowments
would change and so would the demands.4 Third, time plays no real role. There
is assumed to be a conceptual separation between the time in which adjustment
and finally exchange take place (the auctioneer’s time, or meta-time), and the
time in which commodities are dated and consumption and production occur (the
agents’ time, or real time). This implies that adjustments may be thought as
taking place immediately. Fourth, as a result, all agents are justified ex post in
expressing their choices under the assumption that they will never be constrained
more in their actions than expected; in other words, under the assumption that the
economy is in equilibrium. Fifth, as soon as the processes taking place in metatime are finished, and an equilibrium has been found, all realizable exchanges are
executed immediately and the end of economic history has been reached. All that
rests is the enjoyment of the attained commodities or the obligation to fulfill the
3

In a fixed price temporary equilibrium model, the auctioneer might change prices at the
junction of two periods without a tâtonnement process.
4
A discussion of the literature taking up this possibility (e.g., Hahn & Negishi [1962])
would go beyond the scope of this essay.
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accepted commitments. Equilibrium (Walrasian or non-Walrasian) in this
perspective is a terminal state.5

3. An Appraisal of the Walrasian Perspective
We are now in a position to answer the question presented in the introduction.
The answer must be negative. That is, the Walrasian claim that it is possible to
explain both the individual actions and the overall outcome in a decentralized
economy, in which all individual choices may be realized as planned, by making
assumptions only about the primitives of the economy,6 is not right. The
Walrasian perspective leads to models that are paradoxical. They claim to base
their analysis of a decentralized economy upon the actions of autonomous agents,
pretending to discard any kind of external determination of the behavior of the
individual agents. However, it turns out that in order to explain anything resort
must be made to concepts and structures that transcend the level of the individual
agents, i.e., that are taken from the opposite extreme of the spectrum sketched in
the introduction. Hence, this approach is inconsistent with the Walrasian claim.
The following points support this conclusion. First, the existence of the
auctioneer, the division of time into meta- and real time, and the rules of the
game in these models are in no way the result of the behavior of autonomous

5

Temporary equilibrium models partially form an exception in this respect, in the sense that
each terminal state is temporary.
6
That is, about preferences and the physical environment.
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agents.7 Secondly, although the actions of the individuals are not predetermined
(they may choose to express the demands or prices they individually prefer), their
set of possible actions is predetermined by the rules and structure of the model.
Depending upon the variant, the only thing individual agents may do is express
some demands or prices to the auctioneer, but in no case are they allowed to
trade, consume or produce without his explicit permission, and never will it be
possible to obtain permission for any form of interaction between them. Thirdly,
whatever the phase of the tâtonnement process, each individual takes the structure
of the model into account in calculating his choices, trusting that the overall
outcome will be such that he will be able to trade as much as he plans in any
case. Clearly, the overall outcome still depends upon the preferences of the
individual agents, but these agents are assumed to anticipate the equilibrium
character of the overall outcome, which should, instead, be explained by their
actions. How can an individual agent in this model understand that the economy
will turn out to be in equilibrium (unless he is God, the man with the invisible
hand, or the auctioneer)? Thus, Adam Smith’s transcendental hand has been
made visible, but it is still there.
With respect to the Walrasian discourse there are two more issues to get
straight. First, often a distinction is made between the questions of existence and
stability of equilibrium. However, the decisive point for rejecting the Walrasian
claim is not the story of adjustment to equilibrium. If we abstract from the
process of adjustment, i.e., if we start immediately with the equilibrium values

7

This first point is the most well known and is thus, although important, relatively easily
made. Note, however, that we do not argue in terms of ‘lack of realism’, nor do we argue that,
while every agent is assumed to exhibit optimizing behavior, there is no rationale why the
auctioneer should, for example, change any prices at all (see e.g., Weintraub [1979]). Including
in the primitives of the economy an agent with preferences such so as to make him behave like
an auctioneer (see e.g., Arrow & Debreu [1954]) would not make any conceptual difference in
this respect. The next two points are at least as important as the first, and may deserve some
special attention.
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of the relevant variables, the entire analysis remains of importance. In fact, the
standard Walrasian existence story is simply a one-step version of the adjustment
story. Note, for example, that the auctioneer performs more tasks than only the
tâtonnement process, and that the individual agents behave in equilibrium in
exactly the same way as during any phase of a tâtonnement process. It is the
structure implied by the Walrasian perspective as such that is the problem.
Secondly, in a comment on an earlier version of this essay,8 it was argued
that the Walrasian claim that there exists an equilibrium state, i.e., an overall
outcome where each agent can realize his choice, is consistent with the axioms
with respect to preferences, commodities, resources and technology on which the
Walrasian approach is based. However, the argument that the Walrasian approach
is so consistently and firmly based upon axioms is not relevant.9 We do not deny
that the Walrasian construction is very robust. As Hahn [1982a] puts it: “I still
regard these constructions as useful scaffolding, but no more” (p.xi). Presumably,
this will be granted by more Walrasians. But this essay goes further, and argues
that the Walrasian scaffolding may not even be the kind of scaffolding necessary
for the construction of a theory of decentralized trade; the building of which some
Walrasian economists claim that it has been constructed already. The reason is
that the implicit rules, concepts and structures that are absolutely indispensable
in the Walrasian approach go substantially beyond the explicit axioms concerning
the preferences and the physical environment, i.e., the primitives of the economy.
That is why the Walrasian approach is inconsistent with the claim to have
constructed a theory of decentralized trade that explains the individual actions and
the overall outcome based upon the concept of autonomous agents.10

8
9

Hofkes [1991] resp. Vriend [1991].
Furthermore, there are no grounds to claim that an axiomatic approach as such should be
regarded as typically Walrasian.
10
Asserting that theories based on the interaction between individual agents, in which in the
long run a Walrasian equilibrium might be realized without meta-time or an auctioneer, can be
developed within the Walrasian perspective, would resemble not so much skating on thin ice,
but even pretending to walk on water.
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4. Other Walrasian Views
It should be noted that some authors have argued that the link between the
perspective discussed in the sections above and the name of Walras does not do
complete justice to the latter’s insights (see e.g., Morishima [1977] or, of course,
Walras [1874]). Moreover, not every ‘Walrasian’ economist would appreciate the
auctioneer-cum-tâtonnement stories as told above.

4.1 ‘Chicago’
Monetarist and new classical economists, for example, would prefer a more
‘realistic’ story about individual agents wandering about, perceiving and pursuing
every advantageous opportunity. However, if it is assumed that individual agents
understand the full state of affairs in all markets simultaneously, an omniscience
and calculating ability that seem characteristic only of a Walrasian auctioneercum-tâtonnement construction are imputed to the agents (see e.g., Fisher [1983]).
And indeed, in both monetarist and new classical theories it is assumed that the
natural levels of employment and production are determined by a Walrasian
model that takes into account some real world frictions. Consider, for example,
the following quotation of Friedman [1969]: “The ‘natural rate of unemployment’
... is the level that would be ground out by the Walrasian system of general
equilibrium equations, provided there is embedded in them the actual
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characteristics of the labor and commodity markets” (p.102). Sargent also
considers the economy as organized by “something that operates as a Walrasian
auctioneer” (Klamer [1984], p.69). Clearly, such positions do not help to sustain
the claim analyzed in this essay.

4.2 Debreu
A group of theoretical Walrasian economists, instead, would say that nowadays
it is clear that the Walrasian perspective yields some unresolvable technical
problems (see Kirman [1992] for a survey). Briefly, in a sentence, it is
theoretically impossible to get the necessary characteristics of aggregate demand
functions (needed in order to prove stability of the tâtonnement process) by
imposing more and more restrictions upon individual characteristics. Because of
this aggregation problem, the Walrasian claim should be stated much more
precisely. Some economists claim only the following, usually with reference to
Debreu [1959]: take an economy : A → P ×

l
+

, let the individual agents, for

each price vector p, determine their demands by choosing the best point in their
budget set, then, having made only the appropriate assumptions about the
primitives of the economy, there exists a price vector p* such that in each market
the sum of the chosen quantities equals the total available resources. Thus, neither
auctioneer nor tâtonnement enters the scene, and nothing is said about the
structure of the economy. Debreu [1959] presents a mathematical proof of such
a claim.
This Debreu-ian version is not only more precise than the Walrasian claim
presented in the introduction, but also more modest in two senses. First, Debreu
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[1959] confines himself explicitly to the problem of existence.11 Second, the
significance of his proof of existence of an equilibrium, characterized by its
optimality, needs a careful consideration. It is a widespread belief that in
Debreu’s model it is assumed that all agents are able to communicate and trade
freely with each other, but attentive readers will notice that words such as
communication and trade are not mentioned in Debreu [1959]. There is supposed
to be a (central) price vector p, and all individual agents are supposed to know
this, but this is not explained, nor is the manner in which it will be so. Individual
agents are supposed to determine their demands by choosing the best point in
their budget set. That is, the notion action is taken as synonymous a priori to the
notions point in a budget set and demand, but it is not explained that these
notions will indeed be equivalent for each individual agent. Why should agents
choose the best point in their budget set as demands, and why would they not
take any other action? Moreover, in Debreu [1959] trade as such is not
considered at all. That is, individuals choose the best point in their budget set as
demands, but in no way whatsoever is the question of how these demands might
be realized considered. This is important, because it is with respect to these
realizations that a number of problems become manifest (see e.g., Ostroy [1973]).
Thus, Debreu [1959] is not a theory describing the individual actions or the
overall outcome in a decentralized economy; it still necessitates a theory of
communication and a theory of trade in such an economy. Hence, although
Debreu gives an important result that may serve as a bench-mark, one cannot
claim that ‘Debreu has finally proved mathematically what Smith argued almost
two centuries ago’.
11

But this is only of relative importance (see section 3).
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5. Concluding Remarks
Given the implications, limitations and problems of the Walrasian perspective,
and assuming that it is important to have models of decentralized economies that
are as sophisticated as the Walrasian models, there seem to be approximately
three possible conclusions as far as future developments of theories of
decentralized economies are concerned.12
First, one might simply ignore these problems and limitations, continuing
with models and equilibrium concepts that implicitly assume a Walrasian
structure, or with representative agents, which assumes away the aggregation
problem. Secondly, one might forget about the individual agents and the ways
one might derive aggregate conclusions from their behavior, focussing, instead,
upon macroeconomics as a purely empirical discipline: by simply observing
regularities in aggregates (see e.g., Fitoussi [1983]). However, leaving out of
consideration the details, the impossibility of empirical knowledge that is
independent of any theoretical structuring is well-known. As Hahn [1983] puts
it: “If we are interested in the behavior of aggregates then we must use economic
theory to help us, and the only theory we have is one of rational and self-seeking
agents” (p.223). Therefore, third possibility, one might change perspective, and
adopt a different view on how to model a decentralized economy.
An important conclusion of this essay is that it seems promising to abandon
the whole idea that a theory of decentralized trade must necessarily be based
upon autonomous agents. This does not imply that one should construct such
theories from the other side of the spectrum mentioned in the introduction of this

12

Clearly, models of decentralized trade other than the Walrasian ones discussed here do
exist, but this literature (e.g., Fisher [1983] or Goldman & Starr [1982]) deserves a separate
discussion.
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essay, that is starting with given structures, institutions, etc. The point is, as
Veyne [1978] argued, that the controversy between the views that claim the
prevalence either of autonomous subjects or of given structures is a false contrast.
Clearly, what is of fundamental importance in a theory of a decentralized
economy are the actions of individual agents. But if one wants to derive
conclusions concerning the overall outcomes of such an economy, without
making resort to Walrasian structures, one should allow for some forms of real
interaction between the individual agents.
All kinds of information and coordination problems have to be handled by
the individuals themselves, and questions arise concerning the influence of
decisions of individual agents upon other agents. Each individual’s activities will
in a certain way be ‘involved’ in the activities and decisions of some other agents.
Thus, each agent will have a different relevant ‘environment’ for different kinds
of activities. Individuals are not autonomous agents in the sense that their
possible actions and outcomes do depend upon their environment. However, the
structure of these relevant environments is not fixed as each individual action
might well influence the environments of some other individuals. It is also
impossible to attribute the existing structures to one subject only, or to explain
it by one reason. The structures are the result of innumerable individual decisions
that interlock with each other, and may produce effects that were not in the
minds of any of these individuals.13

13

This methodological point of view, which might be more fruitful to describe a
decentralized economy, would appear to approach what Prychitko [1989] argues to be the
‘sophisticated individualism’ of Hayek and the Austrian School.
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II Market−making and
Decentralized Trade
“Markets rarely emerge in a vacuum, and potential traders soon discover that
they may spend more time, energy, and other resources discovering or
"making" a market than on the trade itself. This predicament is shared equally
by currency traders, do-it-yourself realtors, and streetwalkers! Their dilemma,
however, seems to have gone largely unnoticed by economists, who simply
assume that somehow traders will eventually be apprised of each other’s
existence - to their mutual benefit or subsequent regret”.
(Blin [1980], p.S193)

1. Introduction
One of the main tasks of economic theory is to explain the outcomes of a
decentralized economy. The most fully developed models addressing this problem
are the Walrasian general equilibrium models. These models start with a set of
separate individuals, each characterized by preferences, technologies and
endowments (the so-called ‘primitives’ of the economy). To explain both the
actions of the individuals and the outcomes of these actions, resort is made to a
number of concepts and rules that imply a very specific trading and
communication structure. One of the distinguishing characteristics of this is that
all trade and communication take place centrally through ‘The Market’, which is
a public good kindly provided by the auctioneer. This structure may be
represented by a graph in which nodes denote individual agents, and arcs contacts
between these agents (figure 1.1).1
1

See e.g., Kirman [1983].
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Figure 1.1 Walrasian structure
With respect to information, the Walrasian trading structure is very efficient.2
The only information signals needed are directed to or from the auctioneer, and
the only information the auctioneer needs in order to evaluate the incoming
signals (individual demands) and to calculate outgoing signals (prices) is the
aggregate demand on each market.3 This efficiency is probably the principal
attraction to the Walrasian structure. Unfortunately, this structure is at the same
time also highly unrealistic and restrictive.
Without the auctioneer and the communication lines connecting the auctioneer
with the individual agents, the auctioneer’s functions can no longer be fulfilled.
There is no tâtonnement process, nobody to announce relevant information
centrally, and nobody oversees the orderly, frictionless clearing of the markets.
Trade is no longer centralized and individual agents have to see to their trades
themselves. In general, minimum requirements for trades to be feasible are that,
2

For the literature about the informational efficiency of allocation mechanisms see
Calsamiglia [1987] and the references therein.
3
Furthermore, the auctioneer must, of course, check that the rules of the game are respected.
Thus e.g., trades must be such that each individual’s budget constraint is obeyed.
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first, two or more agents meet of whom one is a seller and another a buyer, and
second, they agree upon the rate of exchange and the quantities to exchange.
Therefore, the first problem to resolve is that one has to specify how agents enter
into contact with each other. In other words, having lost the Walrasian ‘star’,4
one needs an alternative story of how markets are organized in a decentralized
economy.5
We will study the latter problem for a decentralized economy characterized by
the following basic properties:
(i) There is a large number of agents and a large number of commodities. The
agents and their physical environment are characterized by preferences,
endowments, and technologies.
(ii) Each agent is interested in only a limited number of commodities, while the
fraction of agents interested in a given commodity is small for each commodity.6
(iii) The economy is not organized by an auctioneer, intermediary, specialized
trader, central distributor, or anonymous random matching mechanism,7 but is
instead one with decentralized trade that depends upon the decisions of individual
agents who act on a strictly do-it-yourself basis.
(iv) Agents, although knowing about the existence of other agents, have no
further pre-communication knowledge about each other, such as, for example,
their effective demands; not to mention characteristics as endowments and
preferences.
(v) An agent who does not possess any information about the characteristics of
other agents is not in the position to find a trading partner.

4

This term refers both to the leading role of the auctioneer, and to the geometric structure
of communication and trade in Walrasian models. See also essay I.
5
See Fisher [1989] or Gould [1980].
6
Cf., Fisher [1983].
7
E.g., Gale [1985].
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(vi) Individual agents may communicate with each other.
(vii) Communication is costly.
Thus, as in the Walrasian models, we begin with a set of individual agents
with given characteristics. After all, this is what economic theory is about:
rational and self-seeking individual agents.8 Basically, the assumed properties
of a decentralized economy imply that there is an information problem and that
this problem must be solved, in one way or another, by the individual agents in
order for trade to be possible. Trade involves transaction costs. These transaction
costs are the costs of sending or gathering information about potential trading
possibilities. Without such information, no trade is possible. A key property is
(v). This may be explained by the fact that the perceived costs of an uninformed
search are greater than its perceived gains. This may be due to the fact that the
‘psychological’ costs (disutility) of accosting a randomly chosen, unidentified
agent to bother him with a question like ‘Could you please sell me a
refrigerator?’ are high, while the probability that such an agent will in fact be
interested in such a transaction is low. Although this is related to the other
properties, it is convenient to assume it directly.9 Thus, through communication
with other agents, an individual agent creates the possibility of meeting potential
trading partners. In general, when there are possibilities of trading in a certain
commodity, it is said that a market for that commodity exists. Hence, by
establishing communication with other agents, individual agents create in a
certain sense their own markets. In this view a market is not a central place
where a certain good is exchanged, nor is it simply the aggregate supply and
demand of a good. A market is constituted by communication between individual

8
9

See Hahn [1983].
To give one example of the costs (disutility) of uninformed search: A smoker, after having
troubled in vain two non-smokers for a light, might hesitate before asking the next passer-by,
and will probably wait until he sees someone actually smoking.
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agents.10 Thus, we can represent the market structure as in figure 1.2, where
the nodes are individual agents and each dotted arc denotes a communication
potentiality.
1•

•2

N•

•3

.•

•.

Figure 1.2 non-Walrasian structure
In the sketched framework, individual agents will face market uncertainty, i.e.,
they will be uncertain about their immediate trading possibilities. This is related
not only to the fact that the Walrasian central market, in which all information
problems were solved, is vanished, but also to the fact that the contents of the
relevant, i.e., individually necessary, information has changed due to the altered
structure of trade. In a non-Walrasian trading structure individually relevant
information is complete when each agent knows the current price vector, the
complete vector of effective demands of all other agents, and where and when to
meet these agents.
This market uncertainty is endogenous uncertainty in two senses. First, it is
inherent in the structure of the trading process itself. In this respect markets
cannot be complete, as additional markets for insurance or hedge transactions
10

Cf., the motto taken from Blin [1980], with which this essay started.
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would face the same kind of market uncertainty problems.11 Secondly, the level
of market uncertainty is endogenous. The agents’ state of information about their
transaction possibilities depends upon the amount of communication in the
economy. All communication is between individual agents, and its amount
depends upon how many information costs these individual agents decide to
incur.
To stress the importance of the presence of market uncertainty further, the
basic framework will also have the following properties.
(viii) There is no exogenous uncertainty, i.e., there is no ‘state-of-nature’
uncertainty.
(ix) Individual agents know the aggregate state of the economy, e.g., aggregate
demands, total numbers of sellers/buyers.
(x) All commodities are known by all agents.12
(xi) There is no quality uncertainty.13
(xii) The transaction costs mentioned are information costs, and there are no real
transaction costs.14
A methodological account of the choice of the assumed properties of the
basic framework may be useful. Contrary to some other contributions in a
non-Walrasian perspective, the key to the selection of assumptions is not to find
those that will guarantee that certain ‘Walrasian’ efficiency properties will
hold.15 Instead, the idea is to focus on usefulness of assumptions in order to

11
12
13
14
15

See Foley & Hellwig [1975] or Dehez [1980].
Cf. Gary-Bobo & Lesne [1988].
Cf. Spence [1974].
See Shubik [1975].
We differ, e.g., from the so-called ‘t-wise optimality’ literature. Goldman & Starr (1982),
generalizing the results of Rader (1968) and Feldman (1973), show that if there are some traders
who deal in all commodities, at least in small quantities, or if there is one good that everyone
values and possesses in positive amounts, t-wise optimality implies Pareto optimality. This is
a property of the final allocation and does not go into details concerning the trade process by
(continued...)
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understand and analyze the apparent presence of information and coordination
problems in decentralized economies. This might be considered as part of what
could be called a program of “recoverability”,16 i.e., the search for a list of
restrictive assumptions with which certain observed phenomena could be
explained as the result of optimizing behavior.
In section 2 we will make these general assumptions concrete and specify more
precisely how individual agents may create their own markets. In section 3 we
will derive an equilibrium market structure from the optimizing behavior of
individual agents, and analyze its characteristics, while section 4 will conclude.

2. The Model
2.1 Agents and Commodities
Assuming time to be divided into an infinite sequence of discrete periods indexed
τ, τ ∈ {1, 2, ...}, we will consider an economy with a single homogeneous,
perishable commodity over one period. A set A of N agents, each characterized
by preferences, technologies and endowments, is divided into two disjoint

15

(...continued)
which it may be achieved. Feldman (1973) did present such a possible process: an infinitely
rotating sequence of bilateral trades. Every agent is supposed to act directly (although
sequentially) with all other agents, and the accounts are made up only after an infinite sequence.
In fact, Feldman assumes that transaction costs are zero in the case of bilateral trade. While it
seems reasonable to assume that trade between only two agents does not involve transaction
costs, it seems much less plausible that the formation of an infinite number of trading pairs is
itself a costless affair.
16
See Varian [1984], p.3.
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classes:17 a set B of firms and a set D of consumers, with |B| = m, |D| = N−m,
B∩D = ∅, and B∪D = A. We think of N as ‘large’.
Given the agents’ preferences, technologies and endowments, any given
consumer i can be characterized by a threshold price pi. This threshold price pi
corresponds to the utility Ui the agent would derive from the consumption of one
unit of the commodity, and is the price above which this agent would certainly
not purchase a unit of the commodity.18 Formally pi is defined by:
Ui(0, ωi) = Ui(1, ωi−pi) ,

[2.1]

where the first argument of the utility function concerns the commodity
considered, and the second represents a ‘basket’ of other goods or ‘income’. We
assume that the threshold price is 0 for all consumers with respect to any
additional unit of the commodity. Formally:
Ui(1, ωi−pi) = Ui(a, ωi−pi) ∀ a≥1 ∀ i
[2.2]
Thus, the number n of interested consumers depends upon the price p, and the
aggregate demand may be written n(p), which we assume to be objectively
known by all sellers. In other words, given the characteristics of the individual
agents, for each price p the set D of consumers consists of n(p) potential buyers
and N−m−n(p) agents who are totally uninterested in the commodity.
The m firms produce and sell the commodity. They are assumed to be
identical in that they use the same technology. The cost C of producing z units
of output is given by the function C(z), where z∈ . We assume C(0) ≥ 0 and
dC(z)/dz > 0 ∀ z ≥ 0.19 The production decided upon at the beginning of the
period is immediately available for sale, while unsold stocks perish at the end.

17
18
19

See e.g., Gale [1985].
See e.g., Gale [1985] or Kormendi [1979].
For reasons of expositional convenience, the notation used in this essay will usually
obscure the fact that some variables, in particular z and s, are discrete. We will write, for
example, dg(x, y, ..)/dx instead of g(x+1, y, ..) − g(x, y, ..) for any function g(x, y, ..).
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In order for trade to take place, firms and consumers must meet, and they
must agree upon the terms of trade. We assume that the price p of the commodity
is given and equal for all agents, and that it is known to all agents. This
assumption is made in order to stress the logical distinction between trading
uncertainty and price uncertainty. We focus upon trading uncertainty, which
means being uncertain as to whether or not an agent will be able to trade what
he wants at the going price.20 Agents know that other agents exist, but they do
not know any of the characteristics of these agents. In particular, they do not
know which agent belongs to which class. Meeting potential trading partners, i.e.,
agents of the right class, is unfeasible if no agent has any information in this
respect. Thus, we have to specify the way in which agents communicate with
each other, i.e., how they create their own markets.

2.2 Communication
Suppose for the moment that only the sellers may send information. This clearly
seems restrictive, although it does conform to what we observe in reality; in
section 3.4 however, we will show that it is not restrictive. Each seller may send
information signals to some other agents at the beginning of the period, each
signal being directed to one agent. A signal contains, first, the ‘name and
address’ of the sending agent, and second, the fact that he belongs to the class
of firms B. Thus, signals reveal the type of a given agent, like, for example,
‘Mr. A, 22 Oxfordstreet, sells refrigerators’.21 The rationale for signaling is

20
21

See Hahn [1980].
Note that the signals give no information about the size of the effective demands, and that
this corresponds to what we usually observe in reality. One reason might be the following:
stating an effective demand creates in a certain sense a commitment, but if the nth agent arrives
(continued...)
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evident: the signals are the only means of direct communication available to the
individual agents. Agents who neither perceive nor send signals cannot find a
trading partner. We assume that signaling is costly, the cost being an increasing
function of the amount of signals sent. The cost K of sending s signals is given
by the function K(s) = k s, where s∈

and k > 0. Thus, we assume constant

marginal signaling costs, dK(s)/ds = k, while K(0) = 0. Receiving signals, on the
other hand, is costless.

2.3 Trade
Agents make their decisions concerning communication and effective demand at
the beginning of each period (see next section). During each period they try to
buy or sell in their markets. We assume that the trading possibilities for each
agent are dependent only upon the communication and demands in the given
period. Thus, sellers have no reputation and there are no customer relations.
Moreover, the demand above the firm’s available supply is simply foregone and
cannot be backlogged.
When the firms have sent their signals, the markets created in the economy
might look like figure 2.1. In this example firm 3’s market comprises consumers
2 and N, while consumer N’s market consists of firms 1 and 3, etc.

21

(...continued)
and reminds agent i of such a commitment, agent i might assert that he has already fulfilled part
of this. As this is difficult to check and may lead to confusion, agent i will prefer only to state
directly the size of the remaining demand to the nth agent when he arrives. Note also that in
discrete-time models agents make their effective demand decisions only at the beginning of each
period (see section 3.3), i.e., they do not deviate from these by making new decisions during
the period, even though they have not publicly announced their decisions.
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1f

x2

Nc

f3

with f=firm
c=interested consumer
x=uninterested consumer
.c

x.

Figure 2.1 markets in non-Walrasian structure
We assume that each consumer who has received one or more signals may visit
one firm (‘shopping’). The order in which buyers make their visit is random.22
When a firm is sold out, customers will return home dissatisfied; if not, they may
buy one unit. Thus, trade in our model is bilateral.23

22

To assume that consumers may make only one visit and that the order in which they make
their visit is random, is convenient for presentational reasons. It does not restrict the nature of
the problem of the firm in any sense; it simply changes the value of some of its parameters. It
is therefore a simplified version of the more general scenario in which consumers can make
more visits during each period, also on more markets to buy various commodities, while the
shopping behavior is not synchronized between the consumers. Let us assume that time flows
continuously, that the visits and exchanges are discrete events of zero duration, like the arrivals
in a Poisson process (see Foley [1975] or Diamond [1982]), associate with each agent a
‘random clock’ that rings independently for each agent at the instances of a Poisson process,
and let each consumer make a visit when his clock rings (see the theory of interacting particle
systems, e.g., Griffeath [1979]). If the length of a period τ is finite, each consumer will be able
to make only a limited number of visits in each period.
23
In this sense we differ from Ioannides [1990], who also analyzes communication by
individual agents in order to make markets, and then considers multilateral trade between all
agents who are directly or indirectly informationally linked.
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3. Strategies and Equilibrium
3.1 Objectives and Strategies
A consumer’s utility would increase in the current period if he could buy one unit
of the commodity at a price below his threshold price p. If a consumer receives
one or more signals at the beginning of the period, and if the price is indeed
below his threshold price p, then he randomly chooses between these signals a
firm to visit.24 If this firm is sold out, the consumer will be left dissatisfied in
this period, otherwise he will buy one unit.25
Firm i’s objective is to maximize its expected current profit Vi , which is equal
to its expected gross revenue Ri minus its production cost C(zi) minus its
market-making cost K(si), by deciding upon its effective supply zi and signaling
si. Moreover, it has to decide to which agents it will send these signals. We
assume that the destination of each signal is chosen at random.26 Thus a
strategy ti of firm i is a pair (zi, si). The costs are dependent only upon firm i’s
own strategy, but the revenue of its market-making and production activity, i.e.,
firm i’s actual sales (p xi, to be specified in section 3.2), are a function of the

24
25

What we mean by ‘randomly’, in a strictly technical sense, is explained in appendix A.
Thus in our model there is no need to distinguish the threshold price (the price above
which a consumer does not buy) from the so-called reservation price, as it is known in the
search literature. The latter is the price below which you immediately buy and stop searching.
This is not a purely individual characteristic, but depends upon the market situation. More
specifically, it will depend upon the assumed trading structure of the economy and upon the
strategies chosen by the other agents.
26
What we mean by ‘at random’ in a strictly technical sense is explained in appendix A.
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vector t of the strategies of all firms (including firm i itself).27 Thus, firm i’s
objective function is:
Vi(t) = Ri(t) − C(zi) − K(si) ,
where Ri(t) = p E(xi(t)) .

[3.1]

In this model of a decentralized economy, in which the firms act simultaneously,
taking for given the actions of the other firms, it is ‘natural’28 to consider the
non-cooperative solution concept of a Nash Equilibrium.
Definition 3.1: A Nash Equilibrium (NE) is a vector of strategies
*
t* ≡ (t*1, .., t*i, .., tm
) such that, for each i, firm i maximizes its payoff Vi by
*
choosing strategy t*i given the strategies of the other firms t−i = t−i
, i.e.,
*
*
Vi(t*i, t−i
) ≥ Vi(ti, t−i
) ∀ i ∀ ti.

We restrict our attention to the existence and characterization of a Symmetric
Nash Equilibrium.
Definition 3.2: A Symmetric Nash Equilibrium (SNE) is a NE t* such that t*i = t*j
∀ i ∀ j.
Given the assumed non-Walrasian trading structure and the assumptions with
regard to the primitives of the economy, we will show for which parameter
values such a SNE exists. The question to answer concerning the existence of a
SNE is: Does a strategy t* exist such that if all other firms choose t* it is optimal
for firm i also to choose t* ? In order to consider the optimization problem of

27

Vectors are denoted by bold-face letters. An overview of the notation can be found in
appendix E.
28
See e.g., Aumann [1985].
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firm i in section 3.3, we first make explicit how firm i’s trading opportunities
(xi), and hence its payoff (Vi), depend upon the vector of strategies t.

3.2 Stochastic Trading Opportunities
Firm i’s gross revenue is equal to its sales, p xi(t). Given the assumptions made
in the previous sections about the nature of the commodity and the trading
structure, it is clear that firm i cannot sell more than is demanded by its
customers, qi(s), or than it has produced at the beginning of the period, zi. That
is, xi(t) = min{qi(s), zi}. Therefore, we have to specify the demand directed
towards firm i, qi(s).
Proposition 3.1: The demand directed towards firm i, qi(s), is a random variable
given by a Poisson distribution with parameter µi:
µ = µ(s , S ) = (s /S) n(p) (1 − e−S/N) ,
i

i

−i

i

where S−i denotes the aggregate number of signals sent by the other firms, and
S = si + S−i .
Proof: The complete proof can be found in appendix A. Here we give an outline
only. Firm i sends si signals at random into the population. A given signal sent
has success when it induces a consumer wanting to buy one unit to visit firm i.
This depends upon the probability that the receiver of such a signal is an
interested consumer and the probability that he will choose the signal from firm i
among the signals he receives. The latter, clearly, also depends upon the
aggregate signaling activity of the other firms. It turns out that the probability that
any given signal sent by firm i will lead to a consumer visiting firm i is given by
Pr(S) = (n(p)/S) (1 − e−S/N). Firm i sends s signals, and the number of buyers
i
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visiting firm i may be approximated by a Poisson distribution with parameter
µ(s , S ) = s Pr(S) = (s /S) n(p) (1 − e−S/N) .
−i

i

i

i

This result can be read as follows. The potential aggregate demand in the
economy, given the price p, is n.29 The probability that a given potential
consumer will not receive any signal at all, and thus will not find his way to a
market, is e−S/N. Hence, aggregate market demand is n (1 − e−S/N). Finally,
each firm’s expected market share turns out to be equal to his share in the
aggregate market-making activity, si/S.
Note that the probability of any single signal from firm i having success is
a function only of the aggregate number of signals S sent by all firms.30 Hence,
Pri(S) = Pr(S) ∀ i. This is because each interested consumer handles all his
received signals identically, putting them all in an urn and drawing just one
signal. Notice also that µi turns out to be a function only of the number of signals
sent by firm i itself, si, and the aggregate number of signals sent by all other
firms, S−i. Thus, the vector of strategies chosen by the other firms t−i enters
firm i’s decision problem only through the aggregate market-making signaling
activity.31
The resulting transaction possibilities for any given agent are stochastic. Thus
agents are uncertain as to whether they will be able to trade as much as they
want. There are, as we have seen, two direct causes for this uncertainty. First,
communication is stochastic, i.e., signals are randomly distributed as agents do
not know each other’s characteristics. Second, given that an agent has found or
established a market, either he or his potential trading partners may have already

29
30

To lighten notational burden somewhat, we will usually write n instead of n(p).
The limited character of the information firm i needs in order to determine its optimal
action may be seen as a legitimation to consider the Nash equilibrium concept, and it lends
some plausibility to the possibility that when a SNE exists it will also be realized.
31
Allowing for more visits per buyer would simply give a higher value for the parameter µ.
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fulfilled their demand before they happen to meet, i.e., shopping is a stochastic
process.
The trading possibilities for firm i are derived explicitly from assumptions
with regard to the underlying communication and trading structure of the
economy, instead of assuming directly a functional form of each agent’s trading
possibilities. The stochastic demand for firm i’s output depends upon one of the
(non-price) decision variables of the firm itself. This stochastic demand is not
generated by sending an effective demand (i.e., supply) to the market, but by
creating the market itself.32
As a result, firm i’s expected gross revenue may be written:
zi

Ri(zi, si, S−i) = p {
q f[qi| µ(si, S−i)] + zi
qi 0 i
where f[ |µ] denotes the p.d.f. with parameter µ.

∞
qi zi

[3.2]

f[qi| µ(si, S−i)]} ,

Observe that the stochastic trading mechanism has an anonymity property. That
is, agents who have the same effective demand and have sent out the same
number of signals can expect the same realizations. This is due to the fact that
trading possibilities depend only upon current period variables, that all signals are
for each firm independently distributed, each agent being equally likely to receive
such signals, that the firms to visit are chosen independently by all buyers, each
firm being equally likely to be chosen among the firms in the buyer’s market,
and that the order in which buyers make their visits is determined randomly and
does not depend upon the agents themselves.

32

In this sense we differ from the literature on stochastic rationing (e.g., Green [1980]),
where it is directly assumed that each agent’s trading possibilities are a stochastic function only
of his own demand and the aggregate demand and supply in the economy. We also differ from
the literature on completely random matching models (e.g., Gale [1985]), where an agent’s
trading opportunities are independent from his own decisions. And we differ from the fixed
price literature in general, where the sending of effective demands is the only means of
communication (cf., Drazen’s [1980] criticism).
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We further characterize the stochastic demand directed to firm i through the
following claims.
Claim 3.1 a: For given S−i , µ(si, S−i) is a one-to-one function of si , which
satisfies:
µ(0, S−i) = 0 ,
0 ≤ dµ(si, S−i)/dsi ≈ Pr(S) ≤ 1 ,
d2µ(si, S−i)/ds2i < 0 , and
lim µ(si, S−i) = n
si ∞

b: For given si , µ(si, S−i) is a one-to-one function of S−i , which satisfies:
dµ(si, S−i)/dS−i < 0 , and
lim µ(si, S−i) = 0
S−i ∞

Proof: See appendix A.
Thus, a firm that does not signal does not get any demand. The expected change
in the demand directed to firm i as a result of sending one additional signal is
positive but less than 1, and it depends only upon the aggregate signaling activity
in the economy. Notice that for given S this is equal for all firms, and that it is
not important which firms send these signals, and in particular it does not matter
how many of the S signals are sent by firm i itself. A firm may eventually
capture the whole aggregate demand by signaling more and more, given the
strategies of the other firms. However, the more the other firms signal, the less
will firm i’s expected demand be.
Suppose all m firms send the same number of signals: si = s ∀ i, S = m s,
and µ(si, S−i) becomes µ(s) = µ(s, (m−1) s).
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Claim 3.2: µ(s) is a one-to-one function of s, which satisfies:
µ(0) = 0 ,
0 ≤ dµ(s)/ds ≤ 1 ,
d2µ(s)/ds2 < 0 , and
lim
µ(s) = n/m
s ∞
Proof: See appendix A.
Thus, if all firms send an infinite number of signals they may expect to share
equally the whole aggregate demand. Note that m=1 corresponds to the case of
a monopolist.
The claims of this section are illustrated in figure 3.1.

Figure 3.1 expected demand
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3.3 Optimization and Equilibrium
We are now in a position to consider firm i’s optimization problem. As a
strategy ti for firm i is a pair (zi, si), the first-order conditions (FOCs) for
maximization of firm i’s payoff are a system of two equations:33
dVi(zi, si, S−i)/dsi = dRi(zi, si, S−i)/dsi − dK(si)/dsi = 0
dVi(zi, si, S−i)/dzi = dRi(zi, si, S−i)/dzi − dC(zi)/dzi = 0

[3.3]

Claim 3.3 a: dRi/dsi = p F[zi−1] Pr(S) , where F[z] denotes ∑qz=0 f[q]
b: dRi/dzi = p (1 − F[zi])
Proof: See appendix B.
In other words, the gross revenue for firm i of sending one additional signal,
given the strategies of the other firms, is the price p multiplied by the probability
that firm i would have had still at least one unit of the commodity available,
multiplied by the probability that this additional signal will lead to a consumer
visiting firm i. And the gross revenue for firm i of supplying one additional unit
of the commodity, given the strategies of the other firms, is the price p multiplied
by the probability that it would have sold out otherwise. It is advantageous for
firm i to increase its signaling si with one unit, as long as dRi/dsi > dK/dsi = k.
Similarly, it is advantageous for firm i to increase its supply zi with one unit, as
long as dRi/dzi > dC/dzi.
As we consider a SNE, having derived the FOCs for maximization of firm i’s
payoff, we evaluate these conditions only for those cases in which each firm
33

Remember that, in fact, the variables z and s are discrete. Hence, considering unit
increments of these variables, the ‘true’ FOCs are:
Vi(zi, si, S−i) − Vi(zi−1, si, S−i) > 0 while Vi(zi+1, si, S−i) − Vi(zi, si, S−i) ≤ 0
Vi(zi, si, S−i) − Vi(zi, si−1, S−i) > 0 while Vi(zi, si+1, S−i) − Vi(zi, si, S−i) ≤ 0
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chooses the same strategy. Hence, zi = z and si = s ∀ i, S = m s, and by FOC+
we denote a first-order-plus-symmetry condition.
Claim 3.4 a: For every value of z there exists exactly one value of s, denoted by
s(z), for which the first FOC+ is satisfied. This function is characterized by
s(0) = 0, ds(z)/dz ≥ 0, lim s(z) = smax = {s: dRi(z=∞, s)/dsi = k}, and s(z) ≥ z ∀ z
z ∞
max
as long as s(z) < s . Moreover, smax > 0 if and only if n/N > k/p.
b: For every value of s there exists exactly one value of z, denoted by z(s),
for which the second FOC+ is satisfied. This function is characterized by z(0) = 0,
dz(s)/ds ≥ 0, lim z(s) = zmax = {z: dRi(z, s=∞)/dz = dC/dz}, and z(s) ≤ s ∀ s.
s ∞
Moreover, if d2C/dz2 ≥ 0 ∀ z then zmax > 0 if and only if
n/m > −ln(1 − {dC(0)/dz}/p).34
Proof: See appendix B.
Both curves are drawn in figure 3.2. Clearly, if a firm does not produce, it does
not signal either, and vice versa. Moreover, there is a maximum level of
signaling, which is related to the fact that beyond that level it is very unlikely
that the receiver of an additional signal will respond to that signal. Thus,
whatever the level of production the expected gains from an additional signal are
below its costs. Similarly, there is a maximum level of production, which is
related to the fact that it is very improbable that a customer will ever come to
buy it, whatever the level of signaling. At a point of intersection of the two
curves, both FOCs for maximization of firm i’s payoff are fulfilled, while each
firm chooses the same strategy t̂. Thus, such a point may represent a SNE.

34

In anticipating a result of the analysis, we here avoid giving a rather cumbersome
analogous expression for the case in which d2C(z)/dz2 < 0.
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Figure 3.2 first-order-plus-symmetry condition

Now, we turn to the second-order condition (SOC) for t̂ to be a SNE strategy:
d2Vi(zi, si, S−i)/dz2i d2Vi(zi, si, S−i)/ds2i − (d{dVi(zi, si, S−i)/dsi}/dzi)2 > 0 and
d2Vi(zi, si, S−i)/ds2i < 0. The following claim gives a necessary and sufficient
condition for this to be satisfied, given a strategy t̂ at which the FOC+s are
fulfilled.
Claim 3.5: {d2C(ẑ)/dẑ2}/p > f[ẑ+1]/ẑ ⇔ the SOC is fulfilled.
Proof: See appendix B.
Corollary 3.1: If the SOC is fulfilled then necessarily d2C(ẑ)/dẑ2 > 0.
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Proof: This follows directly from the fact that p > 0, f[ẑ+1] > 0 and ẑ > 0.
Thus, a necessary condition concerning the production technology is that there
are decreasing returns to scale (at least locally). The economic meaning of the
sign of the second derivative of the cost function is clear, but, a priori, it does not
seem to make much sense to make further assumptions concerning the shape of
the C(z) function, i.e., with respect to the third derivative. Note that whether the
SOC will actually be fulfilled depends also upon the strategy t̂ for which the
FOC+s are fulfilled.
Suppose that there were no market uncertainty. That is, when firm i supplied
ẑ units it would know that it would sell ẑ units: f[ẑ] = 1. Then, f[ẑ+1] = 0, and
the condition of claim 3.5 would be d2C(ẑ)/dẑ2 ≥ 0, which is a rather familiar
expression for models without market uncertainty.
Finally, one has to consider the payoff Vi to firm i. Clearly, if the expected
profit when all firms choose strategy t is negative, firm i will prefer to stay
inactive, and no strictly positive SNE will exist.
Proposition 3.2: Necessary, but not sufficient, conditions concerning the
parameter values for a SNE to exist are:
n/N > k/p ,
n/m > −ln(1 − {dC(0)/dz}/p) , and
d2C(z)/dz2 > 0
Proof: See claim 3.4 and corollary 3.1.
These conditions imply that n, p and d2C(z)/dz2 must be large enough, while N,
m, k and dC(0)/dz must be small enough. However, the conditions are not
sufficient. We have done a numerical analysis in order to determine the values
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of k, C(.), p, n(.), m and N for which a SNE exists. The details and results can
be found in appendix D. We can summarize the findings as follows. A SNE will
not exist when the costs of making a market and/or producing for the market are
too high relative to the price p for each possible extent of the market at all levels
of production. This may be due not only to the level of prices (p) and costs (k
and dC/dz) as such, but also to too low a number of potential buyers (n) in the
economy or to too high a number of competing firms (m).

3.4 Comparative Statics
In this section we will consider the effects of changes in the parameter values in
more detail. This leads to the following series of claims. First, we will treat the
FOC+s, referring to the s(z) and z(s) curves of figure 3.2, and then the condition
V>0. We assume that the necessary conditions of proposition 3.2 are fulfilled.
Claim 3.6 a: There is a number r, r > 0, such that for any k < r the FOC+s are
fulfilled for some strategy t̂.
b: There is a number r, r > 0, such that for any dC(z)/dz < r ∀ z the FOC+s
are fulfilled for some strategy t̂.
Proof: See appendix B.
The influence of the parameter p clearly depends upon the price−elasticity of
demand ε = −dn(p)/dp p/n(p).
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Claim 3.7 a: ds(z)/dp ≤ 0 if {F[z−1] − µ f[z−1]} ≥ 0
and ε ≥ F[z−1]/{F[z−1] − µ f[z−1]}
ds(z)/dp ≥ 0 otherwise
b: dz(s)/dp ≥ 0 if ε ≤ (1 − F[z])/(µ f[z])
dz(s)/dp ≤ 0 otherwise
Proof: See appendix B.
The effect of a change in p if aggregate demand n(p) were insensitive to price
changes is considered in the following corollary.
Corollary 3.2: If ε = 0 then there is a number r, r > 0, such that for p > r the
FOC+s are satisfied for some strategy t̂.
Proof: While p increases, the s(z) curve in figure 3.2 shifts to the right and the
z(s) curve upwards. Hence, at a certain point they must intersect.
Claims 3.6 and 3.7 and the corollary concern the net gains per transaction. If
these gains are not high enough, no markets will be created. However, each
firm’s gains also depend upon its trading opportunities. The following claim
considers the importance of the numbers of potential customers and competing
firms.
Claim 3.8 a: ds(z)/d(n/m) ≥ 0 if {F[z−1] − µ f[z−1]} ≥ 0
ds(z)/d(n/m) ≤ 0 otherwise
b: dz(s)/d(n/m) ≥ 0
Proof: See appendix B.
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Thus, the direct effect of a change in the parameter m and those of n(.) is
ambiguous. The point is that there are two opposing effects upon the s(z) curve
in figure 3.2. On the one hand, if the probability of success of any given signal,
Pr(s), increases, then the probability of success of an additional signal increases.
However, on the other hand, the probability of success of all other signals also
increases, implying that the firm may expect more visitors, and the probability
that the firm would have at least one unit of the commodity left, F[z−1],
decreases. As a result, the probability that an additional visitor would be fruitful
decreases. However, we at least know what happens when n/m approaches
infinity.
Claim

3.9:

If

n/m ∞

then

the

FOC+s

will

be

fulfilled

for

t̂ ≡ (ẑ = {z: dC/dz = p−k}, ŝ = ẑ).
Proof: See appendix B.
Thus, when n/m goes to infinity, each signal sent will lead to a consumer visiting
its sender, and hence a situation of certainty is approached.
Next, we consider the influence of parameter value changes upon the
expected profit.
Claim 3.10 a: dVi/dk < 0
b: dVi/d(dC/dz) < 0
c: dVi/dp > 0 if ε < 1 + {z (1 − F[z])}/(µ F[z−1])
dVi/dp ≤ 0 otherwise
d: dVi/d(n/m) > 0
Proof: See appendix B.
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Thus, if the FOC+s and the condition V>0 were not fulfilled for a given ‘set of
parameters’, they might be fulfilled for some k′ < k, some (dC/dz)′ < (dC/dz) ∀ z,
some p′ > p, or some (n/m)′ > (n/m).
If the cost function C(z) is not restricted further, it is not possible to make
many statements about the effects of parameter changes upon the SOC. One can
only observe that f[ẑ+1] is bounded below 1, and that therefore the right-hand
side of the equation of claim 3.5 approaches zero if ẑ goes to infinity, implying
that it might be more likely that the SOC is fulfilled when ẑ is larger.
Corollary 3.3: if a SNE (z*, s*, V*) exists for a given ‘set of parameters’
{k, C(.), p, N, n(.), m} then
a: if k decreases then z*, s* and V* increase
b: if dC/dz is smaller ∀ z then z*, s* and V* increase
c: if p increases and ε = 0 then z*, s* and V* increase
d: if n(p)/m increases then V* increases, while the effect upon z* and s*
may be positive or negative.
Proof: See claims 3.6, 3.8 and 3.10, and corollary 3.2.
Thus, higher net gains per transaction will ceteris paribus lead to a SNE with
increased supply, market-making activity and expected profits. A decrease of
market uncertainty will lead to higher expected profits, but not necessarily to
increased signaling and production activity, as there is no unambiguous relation
between the number of firms per interested consumer and the amount of
market-making activity.
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3.5 Some Characteristics of the SNE
In a SNE, the economy splits up into a number of possibly overlapping markets:
each firm creates its own market of size s*, and produces z*. Presuming that the
parameter values are such that a SNE exists, we will now analyze its
characteristics.
Two phenomena that are considered to be related to each other in the
literature, are the division of labor and the extent of the market.35 A measure
of the division of labor could be the relative number of agents in the economy
producing a given commodity. In our model, this would be the number of firms,
m, for given N. A measure of the extent of the market could be the number of
agents in the economy that is informed about the fact that the commodity is on
the market. In our model, this would be measured by the aggregate number of
signals sent, S.
Proposition 3.3: The extent of the market (S) is a function of the division of
labor (m), and the sign of dS/dm is not determined a priori.
Proof: Given the set of parameters, individual firms choose z and s. S is simply
the aggregate market-making activity: S = m s. Hence, dS/dm = s + m ds/dm.
As shown in claim 3.8, the value of ds/dm is not yet determined.
This implies, for example, that it cannot be excluded that the aggregate market
for a commodity shrinks when the number of firms increases.
The next proposition concerns the size of the economy.

35

See e.g., Smith [1776].
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Proposition 3.4: If the ‘set of parameters’ {k, C(.), p, N, n(.), m} leads to a
SNE (z*, s*, V*) then the ‘set of parameters’ {k, C(.), p, α N, α n(.), α m}
leads to exactly the same SNE (z*, s*, V*) for any α > 0.
Proof: See appendix C.
In other words, the SNE and individual market outcomes are independent of the
size of the economy as long as the proportions of types of agents, i.e., firms and
(interested) consumers, remain constant.36 Hence, we could read the parameters
of the model such that the number of agents N is countably infinite, while m and
n(.) are the fractions of firms and interested consumers in the population.
Up to this point we have assumed that only firms may send signals. The
following proposition states which assumption suffices to make that supposition
right.
Proposition 3.5: For a result that consumers do not signal it is sufficient to
assume: m/N < k/{Ui(1, ωi−p) − Ui(0, ωi)} for each consumer i.
Proof: Analogous to part of the proof of claim 3.4.
This proposition makes clear why consumers do not generally create buyers’
markets, even when the same market-making technology is available to them.
Consumers are interested in buying only a very limited number of units, in our
model only 1, while firms generally want to sell many more units. Related to this
is the fact that, in general, there are many more consumers, n, of a certain
36

An additional condition is that the parameters remain such so as to allow for the Poisson
approximations.
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commodity than firms, m, selling that commodity, making it more difficult for
consumers to find firms than vice versa.
To analyze markets one often uses the concepts of demand and supply
functions. A supply function of a firm represents the firm’s willingness to supply
as a function of the input and output prices, taking into account its production
technology. It is a purely individual characteristic of the sellers, and is
independent of the buyers’ willingness to buy.37
Proposition 3.6: In this non-Walrasian setting no relevant supply function exists.
Proof: See appendix C.
The point is that what is relevant in this non-Walrasian setting, is a firm’s
effective supply z. This effective supply cannot be determined independently of
the firm’s trading opportunities, i.e., of the stochastic demand directed to it. The
expected value of this demand depends upon the aggregate demand in the
economy n(p).
Now we consider the efficiency of the SNE. Clearly, the allocation
mechanism as such is informationally inefficient. We focus upon efficiency given
the trading and communication structure of the model.38 One of the attractive
features of Walrasian models is that The Market is operated efficiently. A market
is efficient if all mutually advantageous trades are carried out, which implies that
one will not find rationed demanders and rationed suppliers at the same time.39
In this sense the market outcome of a SNE is inefficient:

37
38
39

See e.g., Varian [1984].
See Ulph & Ulph [1975].
See Benassy [1982].
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Proposition 3.7: Prob [(xi−zi) (xj−zj) < 0] > 0 for each pair i, j where i∈B, j∈D
and z > 0.
Proof: See appendix C. Here we give an outline only. Firm i’s supply is z*, while
the stochastic demand directed to it is represented by f[q]. Thus, the probability
that firm i is rationed is equal to the probability that it will receive less than z*
buyers: Prob [(xi−zi) > 0] = F[z*−1] > 0.
An interested consumer j has a unit demand and may visit only one firm.
Buyers will be rationed when they do not receive any signal or when they visit
a firm that has already sold out. In appendix C we see that both possibilities may
occur with positive probabilities: Prob [(xj−zj) < 0] > 0.
Thus, in a SNE the overall economy will not be orderly for each price, as there
may be some buyers as well as some firms rationed at the same time.40 41
This would seem to be a rather prominent characteristic of a decentralized
economy.
As rationing with respect to the consumers is all-or-nothing, from their point
of view the probability to be rationed is a good measure of the performance of
the economy. Firms, however, do take the market uncertainty into account when
deciding upon their effective supply, and rationing is a quite ‘natural’ affair for
them. Therefore, we will now consider another measure of efficiency concerning
the firms. Up to this point we have considered the non-cooperative equilibrium
40

Allowing for more visits per buyer would not change the picture. Each buyer dissatisfied
in his first round might be more successful in his second or third round. As a result, given the
level of signaling s, the probability of rationing will be lower for both firms and buyers. But
only if consumers could visit all firms they know, individual markets would be orderly (a proof
of this claim can be found in appendix C). Note, however, that still, at the aggregate level the
economy would not be orderly, and both firms and consumers might rationed at the same time.
41
In this respect the model differs from some other models applying stochastic rationing
(e.g., Weinrich [1984]), where it is assumed that markets are orderly, thereby implicitly
assuming some kind of ‘central lottery’.
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concept of a SNE. We can compare this with an equilibrium that would be in the
joint interest of all firms.
Definition 3.3: A Symmetric Cooperative Equilibrium (SCE) is a vector of
strategies tc ≡ (t1c, .., tci, .., tmc ) such that tci = tcj ∀ i, ∀ j, and the sum of the payoffs
of all firms is maximized by choosing strategy tc for each firm, i.e.,
∑Vi(tc) ≥ ∑Vi(t) ∀ t.
Proposition 3.8: The equilibrium strategy t* of a SNE involves more
communication and production, but lower expected profits, than the equilibrium
strategy tc of a SCE, i.e., z* > zc and s* > sc , while V* < Vc.
Proof: See appendix C.
Thus, a SNE is not efficient from the firms’ point of view in the sense that a
better, i.e., preferred by all firms, vector of strategies exists. However, each
individual firm will have an incentive to deviate from the SCE strategy tc.
Moreover, consumers are worse off in a SCE.
Proposition 3.9: Prob [cons. rationed| SNE] < Prob [cons. rationed| SCE]
Proof: See appendix C.
To conclude the characterization of the SNE, we give some numerical examples.
In the numerical analysis we restrict the production cost function C(.) to be such
that dC(z)/dz is linear through the origin, and hence d2C(z)/dz2 = c , with c > 0
(see corollary 3.1). We normalize p=1 and fix N = 100,000. So, the parameters
to consider are m, n, c and k. In the first six rows of table 3.1 only the
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‘parameters’ m and n vary. If we compare, for example, row 3 with row 6, we
see that when the relative number of firms and consumers (n/m) does not change
the SNE remains the same. A comparison of row 4 with 5, where the number of
firms (m) increases enormously, is also interesting. Nevertheless, in this example,
each firm’s market-making signaling activity does not decrease, but surprisingly
increases, while its supply and expected profit fall dramatically. As the final three
columns show, the economic situation changes from highly favorable for the
firms to highly advantageous for the consumers. In the final six rows the
parameters c and k vary. Notice that the probability of a firm being rationed is
on average quite high, while the probability of negative profits is much more
moderate.

m

n

c

k

z*

s*

V*

Prob
[firm
rat.]

Prob
[cons.
rat.]

Prob
[neg.
prof.]

5
100
100
10
750
750

5,000
5,000
10,000
37,500
37,500
75,000

.001
.001
.001
.001
.001
.001

.010
.010
.010
.010
.010
.010

657
61
112
967
61
112

22,053
4,641
8,742
3,196
4,640
8,740

220.0
1.1
5.8
470.0
1.6
5.8

.33
.94
.87
.03
.93
.87

.35
.01
.01
.74
.00
.01

.00
.45
.26
.00
.42
.26

100
100
100
100
100
100

10,000
10,000
10,000
10,000
10,000
10,000

.010
.001
.010
.001
.010
.001

.050
.050
.010
.010
.005
.005

34
85
76
112
84
112

389
1,323
1,762
8,742
2,754
17,480

5.7
3.3
29.0
5.8
35.0
5.8

.60
.90
.21
.87
.15
.87

.69
.27
.25
.01
.17
.01

.12
.33
.00
.26
.00
.26

Table 3.1 some numerical examples of Symmetric Nash Equilibria
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4. Conclusion
4.1 Potential Applications of the Framework
The basic features of a decentralized economy taken into account in our model
are that the behavior of individual agents is based upon some knowledge about
possible transaction opportunities, that agents have a limited knowledge of their
economic environment, that such knowledge requires some kind of
communication or interaction between agents, and that agents face uncertainty as
to their immediate trading opportunities. A number of problems concerning
decentralized trade is related to these features, and may therefore be studied
within this framework very well.
For example, one could analyze the existence of central markets. Let us
suppose that firms may decide to ‘cooperate’ physically in the market-making
process. Instead of each firm selling its production in its own market, there may
be one or more common, central markets or central distribution points. Suppose
that the technology of market-making is still the same (the central distributors
sending signals giving the address of the distributor and the message that he sells
the commodity), and that there are no additional costs of running a central
market. When one assumes that each firm may sell in a common market in
proportion to its contribution in the market-making costs, one can, for example,
consider the non-cooperative solution concept of a Nash equilibrium. Each firm
chooses a market to join and decides how much to contribute to the signaling
activity, taking the choices of the other firms as given. This seems to capture the
essential function of a central distributor. Notice that if all firms decided to join
the same central market, we would obtain a situation similar to that outlined in
figure 1.1 showing a Walrasian model.
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The functioning of middlemen may also be analyzed fruitfully within the
framework of our model. Middlemen are not intrinsically interested in the
commodity itself, i.e., they belong to neither the firms nor the consumers. They
buy from sellers and sell to buyers. This description still allows for a number of
middlemen functions (e.g., reducing real transaction costs, reducing storing costs,
forming a buffer between fluctuating demand and supply, speculation, etc.), but
the distinguishing characteristic of middlemen is that they make a profit by taking
into account the ‘matching’ problem of the economy. Thus, they create markets
by sending signals to establish contact with both firms and consumers.
The model would seem to be an interesting starting-point for the study of
price-making in a decentralized economy. The resulting market structure in a
SNE is imperfectly competitive, although the commodity that is traded is
homogeneous. Each firm signals to s agents, and in so doing it creates its own
market. Thus, buyers might know that a firm finds as a maximum s alternative
buyers in the market, and therefore buyers have some monopsony power. Each
buyer on the other hand, can trade only with those firms from which he has
received a signal. Thus, each firm may know that a buyer visiting him will know
of only a limited number of alternative firms to visit, and therefore they will have
some monopoly power. In order to study price-making, some of the simplifying
assumptions should be relaxed, but this would mean that the analysis would
become quite complicated.42 Suppose, for example, that buyers may make more
visits, knowing the distribution of prices at the beginning of the period, but not
knowing exactly which firm asks which price. In their search decision, buyers do
not only compare the direct costs of visiting another firm (which are zero in our
model) with the probability of finding a lower price (as they do in standard
search models), but they also have to take into account the probability that they
will not be able to find the commodity for an acceptable price at all in this period
42

See e.g., Kormendi [1979].
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if they search too long. Moreover, during the search process there is uncertain
recall (visited firms may sell out), while the distribution of prices may change (it
is likely that cheaper firms sell out more easily).
Finally, the model of decentralized trade proposed might be useful for a study
of the phenomenon of liquidity: an asset being more liquid if it may be sold more
cheaply and surely,43 or problems like effective demand failures: some agents
being unwilling to demand/supply more of one commodity because of uncertainty
about their trading possibilities concerning another commodity.44

4.2 Discussion
Clearly, just like any model, this model is based on a number of abstractions
from reality. For example, most real world commodities are not homogeneous.
But homogeneity and the lack of uncertainty about qualitative aspects may be
defended as an abstraction in order to analyze other aspects of decentralized
trade. Next, the information transmission mechanism might be too specific. For
example, agents may hear from friends about the newest shops in town, buyers
may use the Yellow Pages to find a seller, or they may visit shops randomly, etc.
Basically, however, these possibilities would seem to fit rather well in the
signaling framework used. In the first case, one could consider these friends as
sending signals or one could assume that each signal sent by a firm reaches one
agent, plus possibly some friends of his. In the second case, one may consider a
decision to insert an advert in the list of the Yellow Pages as sending some
signals. With reference to the final example, randomly visiting shops implies that
these sellers have already signaled that they sell a certain commodity by means

43
44

See Hahn [1988].
See Grandmont [1988].
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of their shop-windows, etc. Thus, signaling consists of all the possible ways in
which an agent may make information about his own type known to other agents,
and is not restricted to, for example, advertising in a strict sense.
More important is the lack of any relation between information and market
experiences of different periods. This implies that the model is most appropriate
for commodities that are purchased rather infrequently, such that the identity of
the sellers or buyers may have changed, while the knowledge of the buyers might
need a brush-up. Examples of such commodities can be found in the retailing of
consumer durables, the transportation sector (e.g., airline tickets), or the industry
of leisure and entertainment (e.g., hotels, restaurants, theaters).
However, many commodities are bought on a repeated basis, and it is not
realistic to assume that agents start from scratch in each period. In a dynamic
model, agents will remember some information about their economic environment
from previous periods (even when they have a limited memory). Moreover,
agents’ own market experience in the past will carry some weight when making
new decisions. Thus, for example, firms may try to target their signals to
interested consumers. And consumers will not choose a firm at random, as these
firms will have built up a reputation. Rather, consumers might opt for patronizing
a certain firm as long as their market experiences with that firm are positive
enough.
Hence, while in our model the number of information and trading links
between agents is endogenous, in a dynamic model the choice of the specific
links should also be made endogenous. Moreover, although we did focus upon
the limited knowledge of the economic environment by individual agents, we still
assumed that firms do have objective knowledge about the aggregate demand and
the aggregate signaling activity. In a dynamic model this should be replaced by
a subjective perception based upon their own experiences.
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One of the interesting features of the SNE described that would come into
its own in a dynamic model only, is that even when ex-ante, expected market
experiences are equal for all agents of the same class, actual market experiences
may differ widely between agents. Take, for example, the payoff V to the firms.
Clearly, if Vi < 0, i.e., expected profits are negative, firm i will prefer inactivity.
We have not however analyzed what will happen in this case. We put the
existence conditions of a SNE in terms of parameter values n(.) and m, but we
did not talk about exit/entry of firms. The reason is that this does not seem to
make much sense in a static model and an analysis that does not go beyond
symmetric equilibria. Moreover, even if Vi ≥ 0 the possibility exists that ex-post,
actual profits of firm i are negative. Hence, in a dynamic model, problems such
as bankruptcy would also become relevant.
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Appendix A. Stochastic Demand
Proof proposition 3.1: Suppose that firm i has sent si signals, and consider one
of those signals only. Firm i sends this signal at random into the population.
(Technically, suppose firm i has put all agents in an urn, draws just one agent to
determine the destination of the signal, and replaces that agent). The probability
that this signal from firm i is received by an interested consumer is n(p)/N. Each
interested consumer puts all received signals in an urn and draws just one signal
out of his urn. Supposing that the signal from firm i is received by an agent who
has received x signals in total from various firms, the probability that he would
draw firm i’s signal is 1/x. Thus, one has to determine x, the number of signals
received by any given agent.
From the point of view of such an agent, the destination of each signal sent
in the economy is the outcome of a Bernoulli trial with two possible outcomes:
the signal will reach him or another agent. Thus, the number of signals received
by any given agent has a binomial distribution with as parameters the total
number of signals sent, and the probability of reaching this given agent. If the
number of Bernoulli trials in the sequence is large and the probability of reaching
the given agent is close to 0, the binomial distribution may be approximated by
a Poisson distribution.45 A glance at the appropriate probability tables suggests
that such an approximation is reasonable when the number of trials is greater than
25, while the probability of success is smaller than 0.1. We assume that the sets
B and D are such that both conditions will be fulfilled. Thus, the probability that
this signal from firm i is received by an agent who has got (x−1) other signals is:

45

See DeGroot [1986].
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Prob [x−1 other signals] = e−λ

λx−1
(x−1)!

59

,

where λ = S/N is the expected number of signals received by any given agent,
with 1/N = Prob [‘hitting’ any given agent]
S = aggregate number of signals sent by all firms
Hence, the probability that any given signal from firm i will lead to an interested
consumer visiting firm i is:
x−1
−λ λ
Pr(S) = {n(p)/N} ∑x∞
(1/x)
e
(x−1)!
=1
x
∞ −λ λ
= {n(p)/N} (1/λ) ∑x =1 e
x!
−λ
= {n(p)/N} (1/λ) (1 − e )
=

{n(p)/S} (1 − e−S/N) ∀ i

This probability Pr(S) refers to one single signal sent. From the point of view of
firm i, each signal it has sent is a Bernoulli trial with two possible outcomes: the
receiver will or will not visit firm i. The sum of a sequence of si of such
Bernoulli trials is a random variable that has a binomial distribution with
parameters si and Pr(S). (Here we make a small error. That is, even when a buyer
has received more than one signal from firm i, he will perform only one
Bernoulli trial.) If the number of signals is large while the probability that the
receiver will visit firm i is close to 0, the number of buyers visiting firm i may
be approximated by a Poisson distribution with parameter µi = µ(si, S−i) =
s Pr(S) = (s /S) n(p) (1 − e−S/N) . As each visiting agent demands exactly
i

i

one unit, the demand qi facing firm i has the same Poisson distribution:
f[qi| µ(si, S−i)].
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Proof claim 3.1 a: µ(si, S−i) = si Pr(S) , with Pr(S) = (n/S) (1 − e−S/N) and
S = si + Si ⇒ dµ(si, S−i)/dsi = Pr(S) + si dPr(S)/dsi
The last term of the right-hand side of this equation is the indirect effect of
sending one additional signal by firm i. This indirect effect is negative as
dPr(S)/dsi = −(n/S2) {1 − e−S/N (1 + S/N)} < 0. That is, each signal sent
becomes slightly less likely to be successful when an additional signal competes
with it. However, as long as S is relatively large, this indirect effect is negligible
from the point of view of firm i: lim dPr(S)/dsi = 0.
S ∞
The direct effect is the probability that any given signal sent will lead to its
receiver visiting the sender of the signal. As all probabilities: 0 ≤ Pr(S) ≤ 1.
Hence, d2µ(si, S−i)/ds2i = dPr(S)/dsi < 0 (see above).
−(si +

lim µ(si, S−i) = lim {si n (1 − e
si ∞
si ∞
Applying L’Hôpital’s Rule gives:
−(si +

S−i)/N

S−i)/N

−(s +

)}/(si + S−i) = ∞/∞

S−i)/N

) + si/(N e i
)} = n (1 + ∞/∞)
i
Applying L’Hôpital’s Rule again for the last quotient leads to:
lim
n {(1 − e
s ∞

−(s +

S )/N

lim µ(si, S−i) = n (1 + lim e i −i ) = n
si ∞
si ∞
b: dµ(si, S−i)/dS−i = dPr(S)/dS−i . As S = si + S−i , dPr(S)/dS−i =
dPr(S)/dsi < 0 (see above).
−(si +

lim µ(si, S−i) = lim si/(si + −i) n (1 − e
S−i ∞
S−i ∞

S−i)/N

)=0

Proof claim 3.2: µ(s) = n/m (1 − e−m s/N). To get µ(0) and lim µ(s) just
s ∞

substitute s.
dµ(s)/ds = (n/N) e−m s/N ⇒ 0 ≤ dµ(s)/ds ≤ 1
d2µ(s)/ds2 = −(n m/N2) e−m s/N < 0
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Appendix B. Optimization
Proof claim 3.3 a: We rewrite Ri(zi, si, S−i) by omitting subscripts and arguments
as much as possible for notational convenience, and observing that
µq
µq−1
z
z
−µ
∑qz=0 q f[q] = ∑q=1
q e−µ
= µ ∑q=1 e
q!
(q−1)!
y
z−1 −µ µ
= µ ∑y=0 e
= µ F[z−1]
y!
Hence, Ri = p {µi F[zi−1] + zi (1 − F[zi])}
dRi/dsi= p {dµi/dsi F[zi−1] + µi dF[zi−1]/dµi dµi/dsi − zi dF[zi]/dµi dµi/dsi}
Now, dF[z]/dµ = F[z−1] − F[z] = −f[z] and dµ/ds = Pr (see claim 3.1).
Hence, dRi/dsi = p {F[zi−1] − µi f[zi−1] + zi f[zi]} Pr
As f[z−1] = (z/µ) f[z], we get dRi/dsi = p F[zi−1] Pr.
b: Again, we first rewrite Ri(zi, si, S−i).
R = p { ∑qz=0 q f[q] + z (1 − F[z])}
Summing up the first term by parts and rewriting the second term gives:
R = p {z F[z] − ∑qz−=10 F[q] + z − z F[z]}
z−1
= p {z − ∑q=0 F[q]}
Then, dRi/dzi = p {1 − F[zi]}
Proof claim 3.4 a: The FOC is: dRi(zi, si, S−i)/dsi = dK(si)/dsi. In case of
symmetry, zi = z, si = s and S−i = (m−1) s ∀ i. Hence, we get dRi(z, s)/dsi =
dK(s)/dsi ⇒ p F[z−1] Pr(s) = k. First, we keep constant z. If s = 0 then
µ(s) = 0 and hence F[z−1] = 1 ∀ z ≥ 1.
lim Pr(s) = lim n/(m s) (1 − e−m s/N) = 0/0. Applying L’Hôpital’s Rule gives:
s0
s0
lim (n/N) e−m s/N = n/N.
s0

Hence, dRi(z, s=0)/dsi = p n/N ∀ z.
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d{dRi(z, s)/dsi}/ds

=

p {dF[z−1]/dµ dµ/ds Pr(s) + F[z−1] dPr(s)/ds} < 0

as the only negative terms are dF[z−1]/dµ and dPr(s)/ds (see claims 3.1 and 3.3).
lim Pr(s) = lim n/(m s) (1 − e−m s/N) = 0.
s ∞

s ∞

Hence, lim dRi(z, s)/dsi = lim p F[z−1] Pr(s) = 0.
s ∞

s ∞

Now, we consider the variable z. dRi(z=0, s)/dsi = 0, d{dRi(z, s)/dsi}/dz =
p f[z] Pr(s) > 0 and lim dRi(z, s)/dsi = p Pr(s).
z ∞

We can draw this in figure B.1. We see that for given z there is an optimal value
of s, s(z), with s(0) = 0, ds(z)/dz > 0 and lim s(z) = smax = {s: p Pr(s) = k}.
z ∞

Observe that if p n/N < k then s(z) =0 ∀ z.

Figure B.1 FOC+ with respect to signaling

Finally, we have to prove that s(z) ≥ z ∀ z if s(z) < smax. Suppose s < smax and
z > s. If z > s then F[z−1] = 1, as no firm can get more customers than the
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number of signals it has sent. Hence, dRi(z, s)/dsi = p Pr(s). We know that if
s < smax then p Pr(s) > k ⇒ if z > s then dRi(z, s)/dsi > k. Hence, for each
given value of z, it will be profitable for each firm i to increase si with one unit
as long as s < smax and s < z. Therefore, s(z) ≥ z ∀ z
b: The FOC is: dRi(zi, si, S−i)/dzi = dC(zi)/dzi. With symmetry we get
dRi(z, s)/dzi = dC(z)/dzi ⇒ p (1 − F[z]) = dC(z)/dzi. First, we keep constant s.
If z = 0 then F[z] = e−µ(s) and hence dR (z, s)/dz = p (1 − e−µ(s)).
i

i

d{dRi(z, s)/dzi}/dz = −p f[z+1] < 0
lim dRi(z, s)/dzi = lim p (1 − F[z]) = 0.
z ∞
z ∞
Now, we consider the variable s. dRi(z, s=0)/dzi = 0 as µ(0) = 0, and hence
F[z] = 1. d{dRi(z, s)/dzi}/ds = p f[z] Pr(s) > 0 and lim dRi(z, s)/dzi =
s ∞
p (1 − F[z| µ=n/m]) as µ(∞) = n/m (see claim 3.2).
The only assumption made with respect to dC(z)/dz is that it is strictly positive.
As, at this point, there is no reason to impose a particular shape of the
dC(z)/dz curve, in figure B.2, we draw just one possibility, chosen for
expositional convenience.
We see that there is a function z(s), with z(0) = 0, dz(s)/ds > 0 and lim z(s) =
s∞

{z: dRi(z, s=∞)/dzi = dC(z)/dzi}. To prove that z(s) ≤ s, suppose z = s.
Clearly, F[z=s] = 1. Hence, dRi(z=s, s)/dzi = 0 < dC(z)/dzi .
max

z

=

zmax is given by the intersection of the dRi(z, s=∞)/dzi and the dC(z)/dzi curve.
Hence, if d2C/dz2 ≥ 0 then one should have dR(z=0, s=∞)/dzi > dC(0)/dzi, which
gives p (1 − e−n/m) > dC(0)/dz or n/m > −ln(1 − {dC(0)/dz }/p).
i
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Figure B.2 FOC+ with respect to production

Proof claim 3.5: The SOC for t̂ being the optimal strategy for firm i is:
d2Vi(zi, si, S−i)/dz2i d2Vi(zi, si, S−i)/ds2i − (d{dVi(zi, si, S−i)/dsi}/dzi)2 > 0 and
d2Vi(zi, si, S−i)/ds2i < 0 . For notational convenience we omit subscripts and
arguments as much as possible.
d2V/dz2 = p {(1 − F[z+1]) − (1 − F[z])} − d2C/dz2
= −p

f[z+1] − d2C/dz2

d2V/ds2 = p Pr dF[z−1]/dµ dµ/ds − d2K/ds2
= −p

Pr f[z−1] < 0

d(dV/ds)/dz = p Pr f[z]
Thus, the remaining condition to check is:
{−p f[z+1] − d2C/dz2} {−p Pr f[z−1]} − {p Pr f[z]} > 0
⇒ (d2C/dz2)/p > − f[z+1] + (f[z])2/f[z−1]
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⇒ (d2C/dz2)/p > − f[z+1] + {f[z+1] (z+1)/µ}2/{f[z+1] (z/µ) (z+1)/µ}
⇒ (d2C/dz2)/p > f[z+1]/z
Proof claim 3.6 a: d(dVi/dsi)/dk < 0 (see figure B.1) ⇒ if k decreases then the
value of s for which the first FOC is satisfied increases for each value of z ⇒ the
s(z) curve in figure 3.2 moves to the right. Moreover, lim s(z) = ∞. Hence, for
some r > 0 the s(z) and z(s) curves must intersect for

k0
k < r.

b: d(dVi/dzi)/d(dC/dz) < 0 (see figure B.2) ⇒ if dC/dz decreases then the
value of z for which the second FOC is satisfied increases for each value of s ⇒
the z(s) curve in figure 3.2 moves upwards. Moreover, lim z(s) = ∞. Hence, for
dC/dz 0

some r > 0 the s(z) and z(s) curves must intersect when dC(z)/dz < r ∀ z.
Proof claim 3.7 a: d(dVi/dsi)/dp = d(p Pr F[z−1])/dp
= Pr F[z−1] + p dPr/dn dn/dp F[z−1]
+
=

p Pr dF[z−1)/dµ dµ/dPr dPr/dn dn/dp

Pr F[z−1] + p Pr/n dn/dp {F[z−1] - µ f[z−1)}

⇒ d(dVi/dsi)/dp > 0 if dn/dp p/n {F[z−1] − µ f[z−1)} > −F[z−1]
⇒

if

{F[z − 1] − µ

f[z − 1)} > 0

this

yields

the

condition

ε < F[z−1]/{F[z−1] − µ f[z−1)}, while if {F[z−1] − µ f[z−1)} < 0 we get the
condition ε > F[z−1]/{F[z−1] − µ f[z−1)}, which is satisfied for any ε > 0.
Hence the s(z) curve may move leftwards or rightwards depending upon these
conditions, which not only concern the price-elasticity of the demand but also z
and µ.
b: d(dVi/dzi)/dp = d{p (1 − F[z])}/dp
= 1 − F[z] + p −dF[z]/dµ dµ/dn dn/dp
=

1 − F[z] + p f[z] µ/n dn/dp

⇒ d(dVi/dzi)/dp > 0 if dn/dp p/n > (−1 + F[z])/(µ f[z])
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⇒ if ε < (1 − F[z])/(µ f[z]) then d(dVi/dzi)/dp > 0
Hence the z(s) curve shifts upwards if this condition concerning the demand side
is satisfied.
Proof claim 3.8 a: d(dVi/dsi)/d(n/m)
=

p {dPr/d(n/m) F[z−1] + Pr dF[z−1]/dµ dµ/dPr dPr/d(n/m)}

=

p dPr/d(n/m) {F[z−1] − µ f[z−1]}

The term between brackets may be positive or negative depending upon z and µ,
while the rest is positive. Hence the s(z) curve in figure 3.2 may move leftwards
or rightwards, depending upon z and µ.
b: d(dVi/dzi)/d(n/m) = −p dF[z]/dµ dµ/d(n/m)
=

p f[z] dµ/d(n/m) > 0

⇒ the z(s) curve in figure 3.2 moves upwards towards the 45 line.
Proof claim 3.9: lim Pr(s) = lim n/(m s) (1-e−m s/N) = 1
n/m ∞

n/m ∞

That is, each signal sent will surely lead to a consumer visiting its sender ⇒
q = s. We know x = min{q, z} ⇒ x = min{s, z}. Cost minimization requires
s = z. Hence the firm’s payoff V = p z − C(z) − k z ⇒ FOC: dV/dz = 0 ⇒
z(s) = {z: p − k = dC(z)/dz}
Proof claim 3.10: According to the Envelop Theorem we only have to consider
the direct effects of changes in the parameters (because dVi/dsi = dVi/dzi = 0).
a: dVi/dk = −dK(s)/dk = −s < 0
b: dVi/d(dC/dz) = −dC(z)/d(dC/dz) = −z < 0
c: Rewrite V = p {µ F[z−1] + z (1 − F[z])} − C(z) − K(s) (see claim
3.3).
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dVi/dp = µ F[z−1] + z (1 − F[z]) + dVi/dµ dµ/dn dn/dp
= µ F[z−1] + z (1 − F[z]) + p F[z−1] µ/n dn/dp
⇒ dVi/dp > 0 if dn/dp p/n > {−µ F[z−1] − z (1 − F[z])}/(µ F[z−1])
⇒ dVi/dp > 0 if ε < 1 + {z (1 − F[z])}/(µ F[z−1)
d: dVi/d(n/m) = p {F[z−1] + µ dF[z−1]/dµ − z dF[z]/dµ} dµ/d(n/m)
=

p F[z−1] dµ/d(n/m) (see claim 3.3).

dµ/d(n/m) > 0 and hence dVi/d(n/m) > 0

Appendix C. Characterization of a SNE
Proof proposition 3.4: The numbers of agents in the economy influence the
economic environment through the stochastic distribution of signals and the
stochastic demand directed to any firm. The first can be characterized by the
parameter of a Poisson distribution λ, where λ = S/N is the expected number of
signals received by any given agent. In the case of symmetry we get λ =
(m/N) s. The stochastic demand directed to any firm is characterized by a
Poisson distribution with parameter µ = (s/S) n (1 − e−S/N), which gives in
the case of symmetry µ = (n/m) (1 − e−(m/N) s). Substitute m = α m, n = α n
and N = α N, and observe that both λ and µ remain the same. Hence, for both
consumers and firms nothing changes.
Proof proposition 3.6: Firm i’s effective supply z* is determined by the
intersection of the s(z) and the z(s) curve. These two curves are defined by
equation [3.3]. As we see in claim 3.3, one of the arguments of these equations
is F[z]. This is the cumulative Poisson distribution function of the stochastic
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demand directed to firm i. Its expected value is µ, and one of the parameters of
µ is the number of interested consumers, given the price, n(p).
Proof proposition 3.7: The case of a firm i is already considered in the text:
Prob [(xi−zi) > 0] > 0. Here we derive the probability that an interested consumer
j (i.e., zj > 0) is rationed. In a SNE, the probability for a buyer to be rationed
because of lack of communication is e−λ, where λ = m s/N. 0 < e−λ < 1 for
λ > 0. If, instead, an interested consumer j receives one or more signals, he
randomly chooses one firm to visit. This firm’s supply is z. As customers are
served on a first-come first-served basis, the probability to obtain its demand,
then, is the probability to be among the first z customers in this firm’s ‘queue’,
every place being equally probable. The number of visitors for a firm is given by
a Poisson distribution with parameter µ: f[q]. When we approximate the number
of ‘rival’ customers visiting this firm by the same Poisson distribution, the
probability that a buyer j, having received at least one signal, will be in the
position to buy one unit is:
Prob [early enough] = F[z−1] + ∑∞q =z {f[q] z/(q+1)}
∞
= F[z−1] + z/µ ∑ q =z+1 f[q]
=

F[z−1] + z/µ (1 − F[z])

Thus, the probability that any given buyer j will not succeed in finding one unit
in the period under consideration and will be rationed is:
Prob [(xj−zj) < 0] = 1 − (1 − e−λ) {F[z−1] + z/µ (1 − F[z])} > 0
(This equation can be made more transparent:
Prob [(xj−zj) < 0] = 1 − (1 − e−λ) 1/µ {µ F[z−1] + z (1 − F[z])}
−λ
−λ
= 1 − (1 − e ) 1/{(n/m) (1 − e )} Ex
=

1 − (m Ex)/n ,
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where m Ex = expected aggregate sales
n = aggregate demand
Drawing

i

from

B

and

)
j

from

D

independently,

we

get

Prob [(xi−zi) (xj−zj) < 0] > 0 for each pair i∈B, j∈D and zj > 0.
Proof proposition 3.8: Just as in the non-cooperative case, the optimal strategy
is the solution of a system of two equations. Now, however, the FOCs must be
taken not only with respect to firm i’s own strategy ti , but also with respect to
the strategies of the other firms t−i , because a change in ti implies a
simultaneous, equivalent change in t−i . Thus, a SCE is a solution to the
following system of two equations:
dVi/dsi + dVi/ds−i = 0
dVi/dzi + dVi/dz−i = 0
From equation [3.2] we see that z−i does not enter firm i’s payoff, i.e.,
dVi/dz−i = 0. Hence, the second of the FOCs doesn’t change and the z(s) curve
in figure 3.2 remains the same. Turning to the FOC with respect to signaling, we
see that
dRi/ds−i = p dµi/ds−i F[z−1] − z dF[z]/dµi dµi/ds−i
= p dµi/ds−i {F[z−1] + z f[z]} < 0 because dµi/ds−i < 0 (see claim
3.1).
That is, an increase in the signaling activity by each of the other firms, s−i,
implies a decrease in the expected number of visitors for firm i, µ(si, S−i). Hence,
the revenue for firm i of sending one additional signal will be lower when all
other firms also send one additional signal simultaneously, than in the case where
firm i had to take the strategies of the other firms as given. Thus, the
dRi/ds curves will be below the dRi/dsi curves in figure B.1, and for every value
of z the value of s for which this FOC is satisfied will be lower, i.e., the new s(z)
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curve will be at the left of the s(z) curve in figure 3.2. As a result, the
intersection of the s(z) and z(s) curves will occur at values zc and sc that are
lower than z* and s*. That Vc > V* follows from definition 3.3 and the fact that
tc ≠ t*.
Proof

proposition

3.9:

Prob [cons. rationed]

=

1 − (m Ex)/n,

where

Ex = µ F[z−1] + z (1 − F[z])
dEx/ds = dµ/ds F[z−1] + µ dF[z−1]/dµ dµ/ds − z dF[z]/dµ dµ/ds
=

dµ/ds F[z−1]

dµ/ds > 0 (see claim 3.2) ⇒ dEx/ds > 0 ⇒ dProb [cons. rationed]/ds < 0 ⇒ as
s decreases the Prob [cons. rationed] increases. Next, we consider the effect of
the change in z. Ex = z − ∑qz−=10 F[q] (see claim 3.3). ⇒ dEx/dz = 1 − F[z] > 0 ⇒
as z decreases the Prob [cons. rationed] increases.
Proof claim of note 40: Suppose agent j has sent signals to or received signals
from r agents {1, .., r}, and define their aggregate effective demand resp. supply:
Z+r = ∑ri=1 max(zi, 0) resp. Z−r = ∑ri=1 min(zi, 0) , and their aggregate actual
purchases resp. sales: X+r = ∑ri=1 max(xi, 0) resp. X−r = ∑ri=1 min(xi, 0) . Then
(zi − xi) > 0 implies (Z−r − X−r) = 0 and (zi − xi) < 0 implies (Z+r − X+r) = 0.
In other words, if agent j is rationed in his demand (supply) then among the
agents with whom he is in the market, i.e., among the agents with whom he has
direct contact, there will be no agent with an unsatisfied supply (demand) for that
commodity. If agent j is a consumer and his shopping activity is bounded only
by his own desire for the commodity and his knowledge of the firms, he will
continue to search for a unit of the commodity either until he has found it or until
he is sure that no firm known to him is able to sell him one unit. Hence, if agent
j is a consumer and has some units left at the end of the period, all consumers
who know about him must necessarily have fulfilled their demand.
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In a more general setting with more commodities, a problem might
apparently arise if an agent were not able to fulfil his demand not because of lack
of trading partners, but because of lack of liquidity. Two assumptions serve to
rule out this possibility. The first is that each agent formulates his effective
demands at the beginning of each period subject to the restriction to meet his
budget constraint with probability 1. This is a standard assumption in stochastic
rationing models.46 The second assumption concerns the status of the effective
demands that each agent has to take into account when deciding at the beginning
of the period. We assume that if an agent meets trading partners and has not yet
realized his whole effective demand, he will fulfil this as far as possible given the
demand of his trading partners. Such an assumption, which in fact states that
agents do not make new decisions during a basic period, is standard in a
conceptually properly defined period model.

Appendix D. Numerical Analysis
We analyze numerically for which parameter values the FOC+s and SOC for
maximization of firm i’s payoff Vi are fulfilled, with Vi > 0, when firm i chooses
a strategy t* given that all other firms choose the same strategy t*. The parameters
are k, p, N, m and those concerning the functions n(.) and C(.).
For matters of convenience of the presentation, in the numerical analysis we
restrict the production cost function C(.) to be such that dC(z)/dz is linear through
the origin, and hence d2C(z)/dz2 = c , with c > 0 (see corollary 3.1). We normalize
p=1 and fix N = 100,000. So, the parameters to consider are k, c, n and m.

46

See e.g., Green [1980].
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In figure D.1.a we consider the importance of the numbers of firms (m) and
interested consumers (n), fixing k and c. It seems reasonable to assume that the
marginal costs of signaling k are a relatively small fraction of the price p. For
example, sending a letter will not cost much more than a stamp, and other means
of signaling might be even cheaper. We fix k = 0.01 and c = 0.001. As the
marginal cost of production is c z, the value of c chosen implies that a firm will
never produce more than 1,000 units. We see that a SNE with strictly positive
values of z and s exists approximately if n/m ≥ 8. That is, given the other
parameters, on average there should be at least 8 interested consumers per firm
in the population, which does not necessarily mean that firms should actually get
this number of clients. We have drawn no boundary of the shaded area as there
are also various combinations of m and n outside this area for which a SNE
exists. In any case, the number of interested consumers in the economy should
be at least 1000 as k N/p = 1000 (see proposition 3.2).
In figure D.1.b the role of the values of the cost parameters k and c is
considered, fixing the parameters m = 100 and n = 10,000. We put m low in
comparison to n in order to mirror the ‘division of labor’. In figure D.1.b we use
a somewhat unconventional scale on the vertical axis for expositional reasons.
Clearly, the maximum value of k to consider is .10

as p n/N = .10 (see

proposition 3.2), while the maximum value for c is 1.0.
For those values above the shaded areas for which a SNE does not exist, the
FOC+s or the condition V>0 are not satisfied. The SOC does not give problems.
It seems fair to conclude that this analysis indicates that a SNE exists for very
broad ranges of parameter values.
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a

b
Figure D.1 existence of SNE

Appendix E. Notation
A

set of all agents

B

set of firms

C(z)

production function

D

set of consumers

ε

price-elasticity of demand

f[ | µ]

p.d.f. with parameter µ

F[z]

∑qz=0 f[q]

k

‘marginal’ cost of signaling

K(s)

signaling function

λ

expected number of signals received by any given agent
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m

number of firms

µi

expected demand directed to firm i

n

number of interested consumers

N

number of agents in the economy

ωi

endowments agent i

p

price of the commodity

pi

threshold price of consumer i

Pr

probability that any given signal leads to a consumer making a visit

qi

demand directed towards firm i

Ri(.)

expected gross revenue firm i

si

number of signals sent by firm i

S−i

aggregate number of signals sent by all other firms

S

aggregate number of signals sent by all firms

t*

SNE strategy t

tc

SCE strategy t

t̂

strategy t with the first-order-plus-symmetry conditions satisfied

ti ≡ (zi, si)
t ≡ (z, s)

strategy of firm i
complete vector of strategies of all firms

t−i ≡ (z−i, s−i) vector of strategies of all other firms
τ
time index
Ui(.)

utility function consumer i

Vi(.)

payoff or expected profit of firm i

xi

actual transactions by firm i

X+(−)

aggregate actual purchases (sales)

zi

output or effective supply of firm i

Z+(−)

aggregate demand (supply)
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III Economics and
the Concept of Rationality
“

„Look, the point is that you get a maximum if both the first order conditions
are satisfied and the bordered Hessian is negative semidefinite.“ ”
(Schwalbe & Wolfstetter [1988], p.12)

1. Introduction
One of the main tasks of economic theory is to explain the outcomes of a
decentralized economy. Since Smith [1776], the dominant questions with which
economic theory is occupied concern the working of ‘the invisible hand’, or the
process of interaction of many individual agents in a decentralized economy. As
it is almost unquestionable that the point of departure of economic analyses is the
homo oeconomicus, and it would seem to be universally accepted that the
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fundamental characteristic of the homo oeconomicus is, or should be, his
rationality, it is extremely important to have a clear and unambiguous
understanding of what we mean by this.1 Therefore, in this essay we will
analyze the role of the concept of rationality in economic theory.
The following three conceptions of rationality can be distinguished in the
economics literature: (i) Pursuance of self-interest, (ii) Internal consistency of
choices, and (iii) Reasonableness of decision-making procedures. In section 2 we
will see that the self-interest approach to rationality is the fundamental
characteristic of economics. In sections 3 and 4 we will show why the two
alternative approaches to rationality, although leading to confusion and heated
debates, are of no significance to economics. Restating the economist’s point of
view on the notion of rationality, it will be clarified that the main body of
economic theory is firmly grounded, that sometimes too easily doubt is thrown
upon the state of economics, and that too often insights from philosophers,
psychologists, computer-scientists, game-theorists, statisticians, or biologists are
presented as to be taken for granted, even in economic journals, while in fact
these may be irreconcilable a priori with the economic approach.2 With a
renewed understanding of the basic issues that lie at the heart of economics, we
will draw some conclusions concerning the modeling of a decentralized economy
in section 5.

1

And, in fact, the essential issue appearing in many recent debates in economics, is the
notion of rationality. See, for example, the discussions concerning expected utility and game
theory, rational expectations, learning and Bayesianism, or bounded rationality.
2
For example, Sugden [1991], after having examined what he considers to be the
foundations of rational-choice theory, concludes that these are rather shaky and that therefore
“[e]conomic theorists have to become as much philosophers as mathematicians” (p.783). We
will argue that economic theorists should be economists in the first place.
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2. Economics and Rationality: Self-Interest
The assertion that ‘economics is what economists do’, attributed to Viner (see
Boulding [1966]), is usually considered to be rather ludicrous. However, some
epistemologic insights introduced into the philosophy of economics by
McCloskey [1983], and largely documented in Samuels [1990], have made clear
that while Viner’s phrase was maybe somewhat too condensed, it did hit the nail
on the head. Updated it could be rephrased as approximately the following:
‘Economics are the as such acknowledged discourses of those who are in turn
considered economists’. Not every given discourse is intended as economics, nor
does every aspiring economist succeed in inserting his discourse into the ongoing
economic discourses. Both contents and form must fulfill certain qualitative
requirements that determine what falls into the domain of economics, and which
are themselves subject to change in the unfolding of discourses.
Therefore, in this section we analyze what economists do.3 We will look for
constants in the discourses of those who are generally considered to be
mainstream economists, in order to discover their underlying common grounds.
It is only with the thus set forth fundamentals of economic theory, that one can
put the notion of rationality in economics in its right place.
It is widely accepted that the science of economics started with Adam Smith. The
main accomplishment of Smith was to put forward as the central theme of
economics the systematic analysis of the behavior of individual agents pursuing
their self-interest under conditions of competition. The most eloquent quotation
in this respect is presumably: “It is not from the benevolence of the butcher, the
3

This is not necessarily the same as what they themselves would declare in a
methodological account of their work; nor are they themselves necessarily consistent in this
respect.

Vriend, Nick (1993), Essays on Decentralized Trade
European University Institute

DOI: 10.2870/43227

80

III Concept of Rationality

brewer, or the baker, that we expect our dinner, but from their regard to their
own interest” (Smith [1976], p.26/27). Since then, this theorem on the behavior
of individual agents has become, as a matter of course, a fundamental feature of
economic discourses.4 A century later Edgeworth [1881] considered it useful to
state this point explicitly and with great precision: “The first principle of
Economics is that every agent is actuated only by self-interest” (p.16). To
appreciate this assertion of Edgeworth fully, it may be necessary to examine this
compound statement very carefully.
The second part asserts something about individual agents that echoes Smith.
The ultimate motive for any action must be found in the agent’s desire, i.e.,
agents act only out of self-interest. This presupposes that it is evident what is
meant by the term self-interest. Edgeworth [1881], more than a century ago, used
the word “pleasures”, defined as “ ‘preferable feeling’ in general” (p.56). In the
language of present-day economic discourses, self-interest is defined as a matter
of preferences. Next, let us consider the first part of Edgeworth’s assertion. He
claims that this is the first principle, the starting-point, of economics. In other
words, the statement about individual agents motivated exclusively by selfinterest is a defining statement concerning the homo oeconomicus. The homo
oeconomicus is an agent with given preferences, pursuing his self-interest,
seeking to do the best he can given his opportunities.
Modern, mathematical general equilibrium theory is apparently rather distinct
from classical and neoclassical economics. Without doubt, the principal discourse
in this field is that of Debreu [1959]. This study in pure theory is sometimes
called a piece of art because it is such an elegant and self-contained work.
Nevertheless, Debreu has been very careful to accurately insert it into the

4

Whether this was how Smith himself actually intended to put these matters is an
interesting, but different, question (see e.g., Holmes [1990]).
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discourse of economics, as “an agent is characterized by the limitations on his
choice, and by his choice criterion” (p.37). In other words, it is opportunities and
preferences that play the basic role. Remarkable is the fact that the notion
rationality does not appear once in Debreu [1959]. Also in this sense Debreu
[1959] fits almost seamlessly into the economic tradition, as the notion of
rationality was practically non-existent in classical and neoclassical economic
discourses. According to Arrow [1986], “[i]t was really not until the last 30
years that it has been used systematically as an economic explanation” (p.S390).
It was, above all, the ‘Chicago School’ tradition (e.g., Friedman [1953], Stigler
[1961], Baumol & Quandt [1964], Becker [1957, 1964], Lucas [1972], Riker &
Ordeshook [1973]) with which this notion came to be associated.
It was when the latter began to develop the economic line of argument
further, encompassing phenomena previously neglected by economics, combined
with the systematic use of standard mathematical techniques, that the notion of
rationality began to appear explicitly in economic discourses increasingly
frequently for the labeling of the behavior of the homo oeconomicus.5 We will
now illustrate that this ‘Chicago School’ approach to human behavior is a further
articulation or deepening of the economic approach only, and does not form in
any sense a break with the classical or neoclassical tradition.
A first important exposition is that of search theory, for which the stage was set
by Stigler [1961]. The typical case considered in search theory is approximately

5

Readers familiar only with the current literature may be surprised at the scarce and
hesitating use made of the term rationality in the mentioned early discourses in this tradition.
For example, Friedman & Savage [1952], Friedman [1953], Stigler [1961] or Baumol & Quandt
[1964] all use the term rational only once or twice, and in very insignificant places. Instead of
rational or irrational they use notions as ‘wise’ or ‘perverse’. It would be interesting to trace
back the usage of the notion of rationality more exactly, applying modern techniques that permit
quantitative text analysis.
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the following: A consumer wants to buy a unit of a certain commodity.6 Clearly,
he prefers to do so at the lowest available price in the market. Unfortunately, he
does not perceive all ruling prices with certainty, and there are costs (money,
time, disutility) attached to actions that improve the perception of his transaction
opportunities, i.e., searching for lower prices. Both the returns of search in the
form of lower prices and the costs of search will also depend on the consumer’s
preferences. Economic behavior implies that a consumer does search, and thus
does change his perspective on his opportunities, as long as he perceives this to
be advantageous to him. As a result, agents do not necessarily buy at the lowest
price available in the market, but at the lowest price they perceive in their
opportunity set, while better opportunities might be available ‘just around the
corner’.
Stigler [1961] is usually referred to as the first paper in search theory. The
pretended meaning of Stigler’s discourse is however much more general, and he
considers the question of search merely one example. As Stigler [1961] put it:
“our understanding of economic life will be incomplete if we do not
systematically take account of the cold winds of ignorance” (p.224). In fact,
Stigler [1961] rehabilitates all ignorant people, by making a conceptual distinction
between ignorance and irrationality.7 The point is, in brief, that information is
a valuable asset. Hence, the information that an individual agent has, in particular

6
7

Clearly, if he cannot buy below a certain threshold level, he will certainly not buy at all.
‘Ignorance’ covers both cases of risk and uncertainty. The ‘traditional’ appraisal of Knight
[1921], according to which one can distinguish situations of risk in which one can attach
probabilities to a number of outcomes and situations of uncertainty in which this is not possible,
suggests that there may be different degrees of ignorance of the individual agent. However, a
more recent interpretation of Knight (e.g., LeRoy & Singell [1987]) assumes that it is always
possible to assign subjective probabilities to every conceivable event. The difference between
risk and uncertainty is that risk can be insured or hedged, while this is not possible with
uncertainty because relevant events are not objectively (i.e., publicly and cheaply) verifiable,
leading to ‘modern’ problems such as adverse selection and moral hazard.

Vriend, Nick (1993), Essays on Decentralized Trade
European University Institute

DOI: 10.2870/43227

III Concept of Rationality

83

his perception of opportunities, is the result of economic behavior. Ignorance is
an economic phenomenon, while irrationality is not.
Since Stigler [1961], a rich search literature has developed, which has
focussed almost exclusively on the issue of the objectively optimal search
strategy.8 Clearly, this depends on the assumptions made by defining the
institutional setting and the agents’ environment. However, one of the conclusions
to draw from Stigler [1961] is that these discussions concerning optimal strategies
are of only relative importance. Just as rational agents do not in general buy at
the lowest price available in the market, they will normally not search following
the objectively best strategy available in their environment.9
The articulation introduced by Stigler [1961] in economics is the explicit
attention given to the consumers’ opportunities and their perception of these
opportunities, and to the fact that these perceptions themselves depend on
economic behavior.
A second clarificatory discourse is that of human capital theory (e.g., Becker
[1964]). Human capital theory handles earnings functions that relate the following
three variables to each other: investment in human capital, the rate of return on
these investments, and the resulting income. Although, a priori, it is not clear
which variable should be explained by the other two, much empirical effort has
been put into estimating ex post differences in rates of return. These differences
are the net effect of all those factors that cause possibilities and capacities to be
8

While Stigler [1961] considered fixed sample size search, later papers, e.g., McCall [1965],
argued that sequential search is the optimal strategy, and Morgan & Manning [1985] showed
that a combination of both may be still better.
9
Some have argued (see e.g., Elster [1986]) that when an agent is ignorant as to what the
benefits of a certain action might be, he has no grounds to decide whether to choose that action.
This point resembles a well-known discussion in expected-utility theory, concerning the
(im)possibility to assign probabilities to certain imaginable events. It now seems almost
universally recognized that agents are always able to choose between lotteries. The reply to the
ignorance problem is analogous: Agents do behave and may decide.
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different for individuals. That is, market imperfections, uncertainty, genetic
factors and social background; in short, perceived opportunities. This has led to
the criticism (see e.g., Arrow [1986], but also Hartog & Vriend [1990]) that the
differences in rates of return cannot be explained by the two central concepts of
human capital theory: the existence of a homogeneous production factor human
capital, and the rationality of individual behavior. Instead, human capital theory
is said to rely completely on auxiliary hypotheses.
The more specific contribution to economics by human capital theory is the
recognition that not only information is a valuable asset, but also the development
of cognitive skills is a result of economic behavior. Apart from this specific
articulation of economic discourses, human capital theory is merely one example
of a series of discourses in which the economic approach is applied to very
diverse areas of human behavior, even in apparently surprising ones as crime and
passion (Becker [1968, 1973, 1974]). To support this approach it was emphasized
that in these analyses the individual agents behaved rationally. The discussions
around this issue makes the significance of the economic approach very clear.
Simon [1986] in discussing Becker [1981] states: “... the conclusions that are
reached by neoclassical reasoning depend very much on the "auxiliary" factual
assumptions that have to be made to define the situation and very little on the
assumption of rationality” (p.S212). Lucas [1977] observes: “Even psychotic
behavior can be (and today, is) understood as "rational" given a sufficiently
abnormal view of relevant probabilities” (p.15).10 And Arrow [198,6] on the
rationality hypothesis: “... its apparent force only comes from the addition of
supplementary hypotheses” (p.S389).
The crucial point to be made is the following. These observations are correct,
in the sense that they indicate precisely the essential characteristic of the

10

Hence Lucas’ argument for the Rational Expectations Hypothesis, about which we will
say more in section 5.
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economic approach.11 The Chicago School has never introduced rationality as
a new, powerful, independent explanatory factor in economic models. Becker
[1976] is very frank and explicit here: “When an apparently profitable
opportunity ... is not exploited, the economic approach does not take refuge in
assertions about irrationality ... . Rather it postulates the existence of costs,
monetary or psychic, of taking advantage of these opportunities that eliminate
their profitability - costs that may not be easily "seen" by outside observers”
(p.7). Rational behavior is simply another name for economic behavior; simply
a question of rhetorics. Rationality in economics means that an individual agent
chooses (one of) the most advantageous options, given his preferences, in his
perceived opportunity set.
Here, opportunities are defined such that all perceived costs and benefits are
taken into account; in particular, information, decision-making and transaction
costs (see also Riker & Ordeshook [1973]). These subjective perceptions are
sometimes called ‘beliefs’ or ‘expectations’. Perceived opportunities are perceived
possible actions plus perceived consequences. Opportunities are not necessarily
only transaction opportunities. Agents may also have possibilities to search, talk
with a friend, go to school or to the beach, do nothing, etc. As perceived
opportunity sets will never be empty, each agent will always in all circumstances
be able to choose a most preferred action. Hence, in every situation there exist
rational choices.12
While the homo oeconomicus is an agent with given preferences, some might
argue that in reality preferences are not at all given, and may be subject to

11

This does not imply that one necessarily has to agree, for example, with Becker [1968]
on crime, even as an economist. The point, however, is that this can be, not on account of his
rationality assumption, but only because one does not agree with the assumptions he has made
in his models, concerning the agents’ preferences and perceived opportunities.
12
Cf., Elster’s [1983] rationality critique, where it is argued that there are situations in
which rational choices simply do not exist.
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frequent changes. However, the Lancaster-ian [1966] approach to preferences, not
for final goods but for characteristics, makes the economic approach quite
‘stretchable’ in this respect. More important is the observation that the possibility
of changing preferences is an issue that goes not only beyond the scope of
economics, but would also be inconsistent with it. If preferences were flexible,
then the concept of self-interest would no longer be defined. The reason is that
in this case, the agents’ own actions might influence their future preferences, or
they might at least want to find out whether and how they could do so. In order
to value such actions, agents must have meta-preferences, i.e., preferences about
their own preferences. Two approaches to such meta-preferences are possible.
Either one assumes that these form a given underlying structure, or one assumes
that they might change as well. The former point of view would be consistent
with the economic approach, while the latter would lead to an infinite regress, as
the agents should have preferences about their meta-preferences, etc.
Thus, what is really fundamental in economics are preferences and perceived
opportunities. Clearly, by relating the notion of rationality in economics in this
way to the pursuance of self-interest, one has ‘emptied’ the notion of rationality
of all substance (see e.g., Solow in Klamer [1984]). The merit of the Chicago
School is that they have made this point so clear. Pushing the logic of economics
to its limits, and following its line of argument consistently into every
conceivable corner of social events, they have demonstrated that the rationality
postulate is necessarily constrained to be essentially contentless in economics.
In this way, a number of issues in economics is straightaway put deliberately
beyond discussion in economics, as Edgeworth’s assertion previously made clear.
The only possible way to make rationality play an independent, explanatory role
with respect to economic behavior would be to neglect completely the importance
of given preferences and perceived opportunities, but this would imply giving up
the foundations of economics. As calling economic behavior ‘rational’ has led
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to much senseless confusion in economics, it may be more appropriate to call the
homo oeconomicus ‘opportunistic’, acting always in accordance with his
incentives.13 Note that opportunistic behavior is not the opposite of
commitment-seeking behavior. Economic behavior implies that an agent seeks
commitment whenever he perceives this to be opportune.
In the remainder of this section we will illustrate the meaning of the economic
approach further by discussing six misdirected criticisms that has been brought
to bear against it, and by explaining that the economic approach is restrictive only
in one very specific sense.
First, a criticism is that by postulating that all actions of economic agents are
rational, one has obtained a “remarkably mute theory” (Sen [1978], p.30), i.e.,
a theory that cannot explain anything. However, the behavior of the individual
agent is not the explanandum of economics. On the contrary, the rational
individual agent, taking into account his preferences and perceived opportunities,
is the explanans of economic theory. The substantive interest of economists is in
the aggregate outcomes of the interactions of many of these agents, in the
working of the system (see e.g., Becker [1962], Machlup [1967], Popper [1965]
or Hayek [1979]).
Secondly, some have argued that focussing upon self-interest implies an
overly narrow view of human behavior because agents may, and indeed
sometimes do, show altruism (see Mansbridge [1990] for a survey). However,
this is not contended by the economic approach to human behavior. One should
not confuse self-interest with egoism. When an agent happens to have altruistic
preferences, it is certainly in his self-interest to act altruistically. There have
sometimes also been discussions in which self-interest has been confused with the

13

It is this latter formulation that Aumann [1985] calls “the most important and fundamental
idea of economics” (p.43).

Vriend, Nick (1993), Essays on Decentralized Trade
European University Institute

DOI: 10.2870/43227

88

III Concept of Rationality

well-being of the agent’s own body. To this the same reply as above applies (see
e.g., Hammermesh & Soss [1974]).
A third criticism is that individual behavior may be governed by cultural
factors, ruling morals, social customs or duties, habits, etc. However, the
mentioned factors are easily incorporated in the economic framework (see e.g.,
Okuno-Fujiwara & Postlewaite [1991]). They simply change the perceived
opportunities. That is, either agents do not perceive some objectively available
options because they have never heard of such things, or because they are not
used to thinking about such things, or agents perceive the consequences to be
different from those which they will in fact be, for example, because they are
always told so, or the consequences will indeed be different due to the behavior
of other agents in their environment, etc. Moreover, these rules and norms are
themselves the result of the economic behavior of many agents (see e.g., Schotter
[1981]).
Fourthly, although economic theory is founded on the actions of individual
agents, there have been many debates concerning the ‘true’ objectives of other,
compound agents, such as firms, non-profit organizations and governments. In a
certain sense many of these debates have been misleading. Only preferences and
perceived opportunities of individual agents eventually matter. In a very detailed
model one could explicitly consider the preferences of shareholders, managers,
volunteers, civil servants, politicians, etc. Often, however, it is more convenient
to simplify these models by considering such organizations as a single agent.
Assuming that, for example, a firm14 ‘prefers’ more profits to less may appear
plausible, but it is only an abstraction from the underlying preferences of all the
agents involved. Also, whether one models a government as paternalistic or uses
the ‘interest function’ approach applied more recently in public choice theory

14

According to Machlup [1967] “a pure construct for which there need not exist an
empirical counterpart” (p.27).
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depends on the issues analyzed. Whatever the appropriate simplification may be,
the characteristics of economic behavior are not contested.
Fifthly, frequently doubt is thrown upon the rationality of an individual
agent’s actions by pointing to the undesirable outcomes they generated. However,
an observation of an outcome apparently highly unfavorable to an acting agent
does not necessarily imply that the action was directed against his self-interest
and hence irrational. Basically, there seem to be five reasons for this. (i) One
should consider the agent’s own, subjective perception ex ante when judging his
action, and not the perception of an outside observer or the outcome ex post.
And, of course, from a different point of view, i.e., by another agent, or at a later
point in time, better opportunities might be perceivable. (ii) But it may also be
that the outcome appears to be highly unfavorable from the point of view of an
outside observer who may easily overlook some relevant costs or benefits, while
in fact it is not that unfavorable for the acting agent. For example, the agent may
have performed an experiment to gather information (see also Harsanyi [1973]).
(iii) The outcome of the agent’s action may be stochastic and the agent may
simply happen to have bad luck. (iv) The outcome may depend not only upon the
agent’s own action but also upon the actions of other agents. (v) The agent may
make mistakes (e.g., due to a ‘trembling hand’), which is not the same as an
irrational act. Basically, a mis-take is a disparity between an intended action and
the actual action (see e.g., Selten [1975]).
Sixthly, it might be that agents do sometimes display irrational behavior, that
they do act against their own perceived self-interest, that preferences themselves
could be ‘irrational’, or that there might be mental states that lead to a perceived
set of opportunities that is ‘irrational’. Economic theory does not exclude that
such phenomena do occur, but it abstracts from them. According to Friedman’s
[1953] famous as if argument, assumptions of a theory are by definition
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abstractions from reality.15 Abstracting from an explanation of the individual
agent’s preferences, and from the mental processes by which he arrives at
choices, economics is just a very specific abstraction from reality. Whether these
fundamental abstractions are good approximations of reality depends upon the
usefulness of the explanatory discourses one can build on it. In any case, it is this
what has pulled economics together from Adam Smith onwards.
In the following two sections we examine some different views on the notion of
rationality in economics sometimes found in the literature nowadays, and we will
see that these are incompatible with the fundamental abstractions of which the
homo oeconomicus is the personification.

15

It is frequently believed that the as if argument is inherently related to the Profit
Maximizing Behavior assumption, which in turn depends directly upon his Natural Selection
argument. Fortunately this is not true. The as if argument does not imply that it is assumed that
a certain condition A holds, but rather that there is a certain range of ‘circumstances’ such that
it is as if condition A holds. Whether one is justified in using ‘assumption’ A depends then only
upon the fact whether ‘assumption’ A is a sufficiently good approximation of reality, that is,
and this is the crucial point of Friedman’s argument, whether the theory yields sufficiently
accurate predictions. It is not assumed that in reality the circumstances are such that condition
A is approximately true (and that hence that the predictions of the theory are approximately
true). Whether the circumstances are such that it is as if condition A holds depends not upon
the distance between these circumstances and condition A, but only upon the success of the
predictions of the theory. The Natural Selection argument, then, is presented by Friedman only
to say that according to him the case of trying the Profit-Maximizing hypothesis as an as if
construction with respect to business firms is a plausible one. Note that, according to Friedman’s
argument, credence of any as if construction should eventually come exclusively from the
success of the predictions of the theory.
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3. Internal Consistency of Choices
As we have seen in the previous section, rational behavior of the homo
oeconomicus means that his actions are consistent with his preferences and
perceived opportunities. Another view found in the literature holds that a
prerequisite of rationality is that an individual agent’s choices be consistent with
one another. Such a consistency can be obtained by imposing certain specific
conditions upon the agent’s pattern of preferences. Therefore, this view applies
an axiomatic approach of preferences, where the preference postulates are axioms
of rationality. For example, Marschak [1950] “define[s] rational behavior as that
which follows those rules ...” (p.112).16 As the postulates also imply the
existence of an expected utility function, this view is known as the ‘expected
utility theory’. It is beyond the scope of this essay to examine its history and
present state,17 but it seems fair to say that the Subjective Expected Utility
variety based on Ramsey [1931], Von Neumann & Morgenstern [1944] and
Savage [1954]) largely dominates the field of decision-making theory. When we
speak of ‘expected utility theory’, we have in mind the contributions, whether
critical or not, that inserted themselves into the discourses following these
publications.
It should be stressed that expected utility theory is a theory of rational choice,
rather than rational preferences. It avoids every direct psychological assumption
concerning desires, motivations, etc. Measures of preferences and probability are
derived exclusively from choices. The preference axioms most frequently

16

An equivalent alternative is Samuelson’s [1938] revealed preference approach, which
postulates rationality directly in terms of demand functions (see e.g., Bandyopadhyay &
Sengupta [1991]).
17
Broad surveys can be found in Schoemaker [1982] or Fishburn [1988].
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discussed are completeness, connectedness, invariance, sure-thing (or dominance),
transitivity and independence. Various versions of standard axiomatic treatments
of expected utility theory can be found in the literature (see e.g., Von Neumann
& Morgenstern [1944], Savage [1954] or Luce & Raiffa [1957]). Here we will
not discuss the details of these axioms.
Rather, we examine expected utility theory as a project of formulating a
normative theory of human behavior based on some rationality axioms.18 The
point that we will illustrate is that this expected utility project is irreconcilable
with the economic approach to human behavior. Rational agents simply choose
the most preferred action in their perceived opportunity set, and it is not for
economists to make any claims about their preferences. For example, one of the
principal postulates concerns the transitivity of preferences. Clearly, when
preferences are represented by the metaphor of utility, which is, at least, a
unidimensional ordinal variable, or by logical relationships, such as ‘implies’,19
transitivity seems obvious. However, if an agent’s available options in some sense
competed with each other, just as football teams in a league do, then there would
be no guarantee of transitivity of preferences (see Sugden [1985]). As Anand
[1987] states, to his knowledge there is no one that has argued explicitly that
such a ‘competitive’ model of preferences would be irrational or inappropriate.
And certainly economics will never offer any grounds to make such claims. But
if posed the other way round, the following is also true: the normative status of
the expected utility preference axioms cannot have any implications for economic
theory, and in particular has no bearing whatsoever on the economic conception

18

This is not the place to question normative theories as such. From the economic point of
view these issues are straightforward. These theorists must see this as a good opportunity. Note
that, here, normativity concerns the pattern of preferences, not their contents. The postulates
merely imply the existence of an expected utility function, not what will be chosen. In this sense
Enlightenment ideals concerning rationality would seem to be absent.
19
Savage [1954] considers his work to be an extension of logic to encompass uncertainty.
Schumpeter [1954] refers to it as a “logic of choice” (p.1058).
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of rationality. Even if certain preference axioms were prerequisites of consistency,
it would not be clear a priori what consistency has to do with rationality. Sen
[1985] gives an example of an agent, whose preferences fulfill all requirements
laid down in the relevant preference axioms, that always chooses the least
preferred action in his opportunity set. This would be very consistent, but not
very rational. And according to Binmore [1991], “[c]onsistency is only a virtue
if the possibility of being surprised can somehow be eliminated” (p.3).
Unfortunately, almost no expected utility theorist seems to realize that
normativity has no ground to stand on, at least not in economics. This contrasts
sharply with Savage [1954], who was not only very well aware of these
problems, but also inserted his discourse carefully into the economic approach.
“Suppose someone says to me, "... I behave in flagrant disagreement with your
postulates, because they violate my personal taste, and it seems to me more
sensible to cater to my taste than to a theory arbitrarily concocted by you." I
don’t see how I could really controvert him, but I would be inclined to match his
introspection with some of my own. I would, in particular, tell him that, when it
is explicitly brought to my attention that I have shown [intransitive] preference[s]
..., I feel uncomfortable in much the same way that I do when it is brought to my
attention that some of my beliefs are logically contradictory.” (Savage [1972],
p.21). We see that Savage recognizes that the only defence of normativism is to
allude to his own preferences. The uncomfortable feeling he refers to is most
probably very similar to the feeling of a consumer who has discovered that the
refrigerator bought is offered for sale just around the corner for a much lower
price. “In general, a person who has tentatively accepted a normative theory
must conscientiously study situations in which the theory seems to lead him
astray; he must decide for each by reflection - ... - whether to retain his initial
impression of the situation or to accept the implications of the theory for it”
(Savage [1972], p.102). Clearly, what is at stake, according to Savage is the
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perception of opportunities. “If, after thorough deliberation, anyone maintains a
pair of distinct preferences that are in conflict with the sure-thing principle, he
must abandon, or modify, the principle; for that kind of discrepancy seems
intolerable in a normative theory” (Savage [1972], p.102). And here Savage
affirms the supremacy of the fundamentals of economics. In fact, Savage has
‘liquidated’ the project of a normative expected utility theory right from the start.
We do not want to deny that economists sometimes may be in the position to
indicate agents how to reach their preferred goals better, i.e., when economists
perform the role of engineer or management scientist. And normative economists
might argue that the set of rules they recommend is inherently ‘good’. But the
point is that the normative character is misplaced. Given the opportunities, the
only measure of ‘goodness’ or value we have in economics is determined by the
agents’ preferences (see e.g., Debreu [1959]). Whether individual agents follow
rules or break rules depends only upon their perceived incentives to do so.20
Additional information may change the agents’ perception of their opportunities.
Agents will undertake action to obtain such information if the perceived cost of
this outweighs the perceived benefit, and they will change their choice if, given
the new information, they perceive this to be preferable. When there are enough
normative theorists walking around, such information must be available at very
cheap rates. In any case, normative economists are wrong in claiming that their
conception of rationality is of any importance to the foundations of economic
theory. Although there have been many discussions around expected utility
theory, these disputes seem to have missed this fundamental issue.
Starting-point of these criticisms is the abundant empirical evidence (e.g., Allais
[1953], Ellsberg [1961], Kahneman & Tversky [1979], or Loomes & Sugden
20

This applies even to the severest rules; be they juridical, social or religious.
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[1982]) that suggests that agents often deviate from these rationality axioms.
Although most of the axioms have been attacked, these critics do not usually
abandon the expected utility project as such. That is, they do not doubt at all that
the expected utility conception of rationality based on preference axioms is
fundamental to economic theory. And it seems that they do not suspect at all that
this conception is irreconcilable with the concept of rationality as in the economic
approach.21 They merely say that the axioms as they stand need some
modification, and then continue to ‘build, screw, plane, file and brush’ in order
to remedy the observed inconsistencies (see e.g., Fishburn [1988], Loomes &
Sugden [1982], Machina [1982], Kahneman & Tversky [1979]). In the remainder
of this section, we will illustrate how the fundamental characteristics of the
economic approach seem to be put to one side in these debates around expected
utility theory. Instead of considering the individual agents’ actual preferences and
perceived opportunities, the focus on postulated preference structures and related
actions of agents seems exclusive.
First, it is often debated whether the experiments are well set up. In
particular, the incentives may have been inappropriate. Frequently it is said (see
e.g., Thaler [1987]), however, that incentives do not seem to matter much in
experiments. This would boil down to arguing that opportunities are of no
importance. Two conclusions are possible. Either the participants do not consider
the incentives such that a change in their choices is advantageous,22 or the
participants do not perceive that there are in fact other advantageous opportunities

21

See e.g., Schoemaker [1982], who even identifies the expected utility project with the
economic approach, confusing them without being aware of it.
22
This seems probable, for example, when they are paid only for participation, irrespective
of their choices. Paying participants more with the idea that this will help to make them think
better may often be senseless.
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waiting for them.23 The point is that many experimenters confuse the
preferences and opportunities of imaginable agents in imagined situations, and the
actual preferences and real opportunities of their participants, who are supposed
to say what they would choose in such situations. In general, there is no reason
to suppose that these would coincide. Well-known is the example of young
students who are asked to choose between various types of spouses (see e.g.,
Riker & Ordeshook [1973]). Without real consequences there seems to be little
reason for the participants to give answers that suggest transitivity of their
preferences with respect to spouses.24 Methodologically, the setting up of many
experiments is very questionable from the economic point of view.
Secondly, the transitivity axiom in particular seems to be frequently violated.
Some reason that this is irrational because such individuals may be used as a
‘money pump’, by moving repeatedly through a certain cycle of dual choices.
Suppose an agent has intransitive preferences such that A B C A, and that he
presently has got A. Given his preferences, he will be prepared to pay something
in order to change from A to C. The same applies from C to B, and from B to
A, after which the cycle might be repeated (see e.g., Davidson et al. [1955] or
Raiffa [1968]). Here, however, a big jump is made from a static choice problem
to a dynamic scenario. It does not follow either directly or necessarily from an
apparently intransitive preference pattern that the agent will in fact act like a
‘money pump’. For one thing, perceived opportunities are important. And in
general, these will change in a dynamic context. In any case, notwithstanding
abundant empirical evidence of non-transitive preference patterns, to our
knowledge, no one has ever reported actual evidence of agents who did act like

23

In some cases it might be that the participants would need some years of investment in
human capital to behave as the experimenter would like to. As Samuelson [1952] put it: “[I]f
you ask a casual question, you must expect to get a casual answer” (p.678).
24
‘Uncomfortable feelings’ arise, probably, only after real weddings. See also e.g., Bohm
[1990].
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‘money pumps’, that is of agents who did actually move repeatedly through such
a cycle.
Thirdly, Tversky & Kahneman [1986] note that the preference axioms are
usually satisfied in transparent situations and often violated in non-transparent
ones. In general, a single choice problem described in two different ways may
lead people to behave in systematically different ways. This is the problem
known as framing/context, and may lead to the failing of most axioms; in
particular the invariance, dominance, independence and transitivity axioms. From
the economist’s point of view, the effect of ‘framing’ is obvious. That agents
make different choices in different contexts, although the underlying real
opportunity set is the same, has nothing to do with preferences, but only with the
fact that opportunities may be perceived differently when the choice is framed
differently. And clearly a different perceived opportunity set leads in general to
different actions.
Fourthly, the normative status of the preference axioms is frequently
defended by the following argumentation. People who do experiments often
observe that participants that acted against prescriptions following from certain
preference axioms usually do accept these axioms when they are explained, and
will follow these prescriptions when the experiment is repeated. In other words,
the fact that reasonable people do this is presented as a proof that it is rational
to do so. That participants often change their choice when confronted with
normative talks is obvious from the economic point of view. Whenever such
information is supplied to the participant, his perceived opportunity set changes
in various ways. It may be that the participant did not perceive before that a more
advantageous option was available. This does not mean that his previous choice
was irrational, but only that it was based on less information (cf., Stigler [1961]),
or poorer information processing. Furthermore, knowing that the scientist calls
one of the options ‘rational’ and thinks ‘good’ people choose that option, may
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itself change the consequences of the choice, e.g., if the participant likes to
receive appreciation and dislikes being disdained. In other words, the explanation
of the organizer is not neutral and does change the perceived opportunity set.
Hence, this is not a good defence of normativism.
Note that in this section we have argued that economists have nothing to say
about preferences, while at the same time these preferences are considered to be
the ultimate motives underlying choices. Hence, very often economists do want
to make assumptions about preferences. One could attempt to model agents as if
they maximize expected utility. Friedman & Savage [1952] state that their
confidence in the hypothesis is based not upon repeated success in prediction, but
upon indirect evidence. That is, they consider the postulates, with which the
theory of expected utility maximization can be shown to be equivalent, rather
than plausible. This confidence is however only tentative, and the hypothesis
should be tested. Moreover, even if empirical evidence were favorable, the as if
argument would not claim any truth or closeness to reality, and no logical claims
concerning rationality would follow from it. Hence, although not all the analytical
apparatus used in expected utility theory is necessarily useless for economists, we
should forget every pretension of its ‘correctness’ or ‘truth’, and discard every
normative sense of it.

4. Procedural Rationality
In expected utility theory, “the implications of reasoning for the making of
decisions” (Savage [1972], p.6) are considered. Another approach is to focus
upon this reasoning process itself. As we know, to an economist rationality means
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that an agent chooses the maximally preferred among his perceived opportunities.
The procedures by which he arrives at such a choice are not essential for
economists. Various approaches, however, not only focus upon these procedures,
but even argue that certain of their characteristics are the sine qua non of
rationality. According to Sen [1985], “Rational choice is a matter of
correspondence of choice to the person’s reasoning and of the quality of that
reasoning” (p.123). Rationality, in this Cartesian view, is the conscious logical
deduction from explicit premises. Recent examples of axiomatic approaches in
this view are Anand [1991] and Schick [1984].
There are some economists who are confused by such ‘reasonable’ stories.
As a result, they start mixing up the choice of the most preferred element in a set
(substance) with the mathematical techniques to determine this (procedures),
while these two are definitely logically distinct. According to them, rationality is
the maximization of some explicit objective within the constraints of well-defined
alternatives. According to Hart [1951], “[r]ationality consists in operating on the
marginality principle”, and “calculatingness” (p.4) would be a more appropriate
expression to characterize what economists have in mind when they deal with
rationality. Although it may be that sometimes a neat mathematical functional
representation of an agent’s preferences and set of perceived opportunities is
possible, such that an extreme can be found by applying standard mathematical
techniques, this is not necessarily the case, and it is, however, absolutely
unessential with respect to the economic conception of rationality. It might be
that one of the main sources of this confusion can be found in the textbooks that
are aimed at teaching to students the analytic techniques used in economics, as
an artisan instructs his apprentices. A very illustrative example is Klamer [1987],
who asserts that the fundamental assumption of economics is the denotation of
rationality as a technique, the optimization technique. In support of this claim, he
refers to the standard textbook Varian [1984]. However, in Varian [1984] the
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notion of rationality does not even appear once. Varian teaches his students
optimization as an analytic technique, but does not relate it in any sense to the
notion of rationality.
It is the confused, procedural, conception of rationality that forms the point of
departure for the ‘bounded rationality’ theory (see e.g., Simon [1955, 1957,
1959]). This theory emphasizes the fact that the individual agents’ capabilities are
constrained by perception, logical power and economic capacity (see e.g., Day
[1975]). ‘Neoclassical economists’, as Simon calls the confused economists
indicated above, do not take these constraints into account. This view accepts the
idea that somewhere out there a well-defined optimization problem exists, and
that perfectly solving that problem is ultimately the bench-mark of rationality.
Thus, both Simon and the confused economists he criticizes have the same
procedural conception of rationality. The only point of the bounded rationality
literature is that agents are bounded away from following the ideal optimization
procedures.
This procedural approach to rationality in economics runs into the following
well-known logical problem (see Winter [1975]). As every first-year student in
economics knows, optimization with constraints is more difficult than that
without. That is, it will be more costly and will require more logical power. This
should, however, also be taken into account explicitly, which makes the task even
more complex, etc. Apparently, such an infinite regress can be escaped from by
the introduction of the concepts ‘rule of thumb’ and satisficing behavior (Simon
[1957]). However, this does not alter the problem a great deal. If agents apply
satisficing ‘rules of thumb’, the problem is simply moved back one stage. Instead
of an action, agents have to choose a ‘rule of thumb’, of which advocates of the
procedural approach to rationality should model the decision procedure, etc. In
fact, satisficing is simply the rational course of action in view of computational
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restrictions (see also Riker & Ordeshook [1973]). The only reason that this may
bear any resemblance to a way out of the vicious circle, is that it has not been
done very well. As Baumol & Quandt [1964] put it: “It is, as it were,
constrained maximization with only constraints and no maximization!” (p.24).
According to Day [forthcoming], who distinguishes seven types of decisionmaking (from optimization, via imitation to hunch), we know very little about
how to model the higher order procedures by which modes of decision-making
are selected. There is, however, also a deeper philosophical question involved
here (see e.g., Ryle [1949]). Rather simplified, the problem is as follows. If every
act is explicitly preceded by a decision, then the act of decision is also preceded
by a decision to decide, etc., ad infinitum.25
Hence, a procedural approach to rationality does not promise anything as to
the modeling of individual agents in economics. Day [forthcoming] concludes
that the decision procedure followed by an agent “... surely has something to do
with the cost and benefits of alternative modes of behavior” (p.11). And that
brings us back to the economic approach outlined in section 2. This is not to say
that all or most of the insights from the ‘bounded rationality’ literature are
wrong. Clearly, agents may be bounded from perceiving all opportunities, and it
may be costly to modify the set of perceived opportunities, etc. But this idea, that
perceived opportunities are of central importance, is one of the fundamental
characteristics of standard economics (see also Baumol & Quandt [1964]).

25

That this well-known problem is not raised against the procedural approach more
frequently is probably due to the confusion caused by the fact that Simon projects decision
procedures of complex bureaucratic organizations onto decision making by individual agents
(see also March [1978]). The two should however be distinguished very clearly.

Vriend, Nick (1993), Essays on Decentralized Trade
European University Institute

DOI: 10.2870/43227

102

III Concept of Rationality

5. Economic Theory: the Modeling of Rational Agents
In the previous sections we have described the fundamentals of economics. In
this section we will briefly discuss some issues concerning the economic theories
built on these fundamentals. Having established that the individual agent’s actions
depend upon his preferences and perceived opportunities, the central concern is
how to model this.
One way to deal with preferences in economics is to ask advice about their
properties from, for example, psychologists. However, one might wonder why
economists should take the trouble to make specific assumptions concerning
individual preferences, even if one agreed that these preferences drive the
individual’s actions. Until recently, the idea was that by making assumptions about
individual preferences, one wanted to derive certain characteristics of aggregate
behavior. By now we know that it is theoretically impossible to get the necessary
characteristics of aggregate demand functions (necessary in order to prove stability
of the tâtonnement process) by imposing more and more restrictions upon
individual characteristics (see Kirman [1992] for a survey). In other words, in the
aggregate, the assumptions of individual preferences have in general no
implications (see also Arrow [1986]). Therefore, approaches that rely less upon
specific assumptions concerning individual preferences may be more
promising.26 Stigler & Becker [1977] argue that preferences should not only be
taken for given in economics, but can also be considered as approximately similar
for everybody. Differences in actions are then completely ascribed to differences

26

An alternative route would be to get more structure in economic models by the
incorporation of the influence of ‘society’ upon the forming of preferences of individuals. This
would, however, undermine the foundations of economics (see section 2).
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in perceived opportunities. Becker’s [1962] exercise goes still further, focussing
exclusively upon the perceived opportunity set. Allowing for virtually every
imaginable type of individual behavior,27 he analyzes the relations between
opportunity sets of individual agents and market outcomes.
This points to the second important problem concerning economic models:
the modeling of the agents’ perceived opportunities. The recent history of
economic thought on this subject may be briefly summarized as follows. Lucas
[1977], firmly rooted in the Chicago tradition, observed the threat of economics
slipping into a psychology of perception.28 Hence, he proposed the idea of
short-circuiting the problem, i.e., of abstracting from all psychological matters,
by assuming that agents simply perceive the objective ‘Truth’. This abstraction
is essentially what the Rational Expectations Hypothesis is about (see also
Sheffrin [1983]).29 The next step was to observe that, before knowing the truth,
agents may need some learning. As Blume & Easley [1991a] pointed out,
economics has now passed through that phase. We know much about when and
how agents might learn the truth and when not, and about the problems that arise
in certain models. However, when in the economic process perceived
opportunities evolve over time, these changes will not only be due to a change
in the perception of the underlying circumstances (i.e., learning), but also to a
change in these circumstances themselves, as a result of the interactions between
many agents. The drawback of the learning literature thus far is the negligence
of the interaction between learning processes and the other dynamic economic
forces. This indicates another direction to abstract from all the psychological
matters concerning the perception of opportunities.

27

Becker [1962] calls it irrational behavior, which he defines as every kind of behavior not
equal to choosing the most preferred option in the perceived opportunity set.
28
See the quotation in section 2.
29
In this sense, Guesnerie’s [1989] attempt to provide a psychological foundation for
Rational Expectations is paradoxical.
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If one assumes that the perception of opportunities is an endogenous process,
i.e., that this perception depends strictly upon the previous sequence of actions,
then in a formal model actions will be a function of perceptions, and perceptions
a function of earlier actions. As a result, one gets a sequence analysis of actions
in which perceptions or expectations do not appear explicitly, but only “between
the lines” (Hart [1951], p.viii), and one can consider economic dynamics in the
sense of “the study of economic phenomena in relation to preceding and
succeeding events” (Baumol [1970], p.4). To say that perceptions need not enter
explicitly into economic models is not to say that they are not important.
Perceived opportunities are of fundamental importance for rational agents. Even
the possibility of exogenous influences upon perceptions is not excluded. It bans
only consideration of exogenous changes in perceptions. The reason is that,
clearly, as long as there are exogenous shocks to a system, this will certainly
keep moving on as a result of these shocks.30 Hence, one could model each
rational individual agent’s actions as a function of previous actions and outcomes.
However, instead of tying down the set of functions a priori in an ad hoc way,
one has to analyze how far the market provides sufficient structure to tie down
the set of perceived opportunities, i.e., to constrain the behavior of the individual
agents (cf., Becker [1962]). This is what one could call, following Blume &
Easley [1991b], a ‘positive theory of action’.

30

Cf., Fisher’s [1983] ‘No Favorable Surprise’ assumption. To prove convergence to
equilibrium in a competitive economy in which individual agents are continuously looking for
advantageous trade and arbitrage opportunities, Fisher has to assume that in the course of the
adjustment process agents do not perceive new opportunities. This is a strong assumption,
because it rules out the appearance of all new opportunities, endogenous as well as exogenous.
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IV Decentralized Trade with
Perfectly Rational Agents
Creating and Trading away Advantageous Opportunities

1. Introduction
One of the main tasks of economic theory is to explain the outcomes of a
decentralized economy. Recently, the insight that, in order to understand the
course of events in a decentralized economy, one has to regard the latter as a
locally interacting system, has increasingly gained consensus. However, progress
in the development of models of decentralized economies focussing upon the
interaction between the individual agents appears to be slower than the growth
of this conviction.1 It seems that one of the main reasons for this is that one
encounters many technical difficulties with formal analyses of locally interacting
systems. And in particular, the available analytical apparatus borrowed from
graph theory, statistical mechanics and the theory of interacting particle systems
appears to be rather restrictive with respect to the economic contents of the
models. In this essay we follow an alternative route to incorporate the mentioned
recent theoretical insights into the analysis of a decentralized economy, using
machine learning techniques recently emerged in the field of Artificial
Intelligence (AI).

1

For this growing conviction, see e.g., Kirman [1992]. Durlauf [1990], Blume [1991] and
Bak et al. [1993] are some recent examples of this approach.
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Modeling the homo oeconomicus as a ‘machine’ poses no particular
conceptual difficulties to economic theory.2 The fundamental characteristic of
the homo oeconomicus is that he chooses (one of) the most preferred option(s)
in his perceived opportunity set. Usually, such behavior is referred to as
‘rational’, but it would be more appropriate to refer to the homo oeconomicus as
an ‘opportunist’, always doing the best he can. See essay III for a more elaborate
argumentation on this point. That we make a frequent use of the term ‘rational’
in this essay, is only in order to conform to the prevailing practice of economic
discourses. It is this opportunistic characteristic of economic behavior that we will
explicitly put at the center of the analysis of a decentralized economy in this
essay.3 This implies that the question of the modeling of the perceived
opportunity sets of the individual agents becomes a primary issue.
In order to abstract from all the psychological issues concerning the
perception of opportunities, we will model rational agents according to a ‘positive
theory of action’.4 During the process of interaction between the individual
agents in a decentralized economy, perceived opportunities evolve. Such changes
may be due either to a change in underlying circumstances or to a change in the

2

After all, as Lucas puts it, doing economics means “programming robot imitations of
people” (in Klamer [1984], p.49). See also essay III, where we have explained how Lucas’
observation is related to the fact that rational agents are only an explanans in economics, and
not an explanandum.
3
Few systematic analyses focussing explicitly upon this characteristic exist in the literature.
Makowski & Ostroy [1991], referring to Jevons, present an alternative to the Walrasian analysis
of competitive equilibrium. In their view a competitive equilibrium is not the elimination of
excess demands but the elimination of arbitrage opportunities by individual agents who are
“actively opportunistic” (p.40). Fisher [1983] analyzes the stability problem in a competitive
economy and proves convergence to equilibrium in an economy in which individual agents are
continuously looking for advantageous trade and arbitrage opportunities. Probably the most
extensive theory based explicitly on the opportunistic character of economic behavior is Allais’
theory of “no surplus”, according to which “all economic operations ... can be thought of as
essentially the pursuit, realization and allocation of distributable surpluses” (Allais [1986],
p.141).
4
Blume & Easley [1991b].
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perception of these circumstances. The latter is called ‘learning’. Usually, these
changes will occur not only simultaneously, but there will also be interaction
between the dynamics of learning and the dynamics of economic forces as such.
We assume that the perception of opportunities is an endogenous process. That
is, the set of perceived opportunities depends strictly upon the preceding sequence
of actions. While the agents’ actions depend on their perceived opportunities,
these opportunities and their perceptions depend on the agents’ own market
experience as the result of previous actions. Thus in a formal model, actions will
be a function of perceived opportunities, and perceived opportunities a function
of earlier actions. As a result, we get a sequence analysis of actions and outcomes
in which perceptions or expectations do not appear explicitly, but only “between
the lines”.5 Hence, we will model each agent’s actions as a function of previous
actions and outcomes. However, we do not tie down the set of functions a priori
in an ad hoc way. The use of AI techniques makes it possible to keep the
relations between actions and previous actions completely flexible. Hence, we can
analyze in how far the market provides sufficient structure to tie down the set of
possibly perceived opportunities, thus constraining the behavior of the individual
agents. Therefore, we simulate a decentralized economy, and look for the
emergence of regularities in actions and outcomes during the process of creating
and trading away of opportunities by rational agents. To say that perceptions need
not enter explicitly into economic models is not to say that they are unimportant.
Perceived opportunities are of fundamental importance for economic agents. Even
the possibility of exogenous influences upon perceptions is not excluded. It bans
only the consideration of exogenous changes in perceptions, as those would
sweep away every hope to find constraints imposed by the market process upon
the individual agents’ possible perceptions.

5

Hart [1951], p.viii.
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In section 2 we will delineate the decentralized economy to be simulated. Section
3 will be a digression on machine learning. In section 4 we will describe how we
model rational consumers and rational firms. Section 5 will contain the results of
the simulations, which are analyzed and discussed, while section 6 will conclude.

2. The Economy
We consider a closed, decentralized economy, in which there are two types of
agents: firms and consumers. The firms produce a given commodity, and the
consumers repeatedly wish to purchase and consume one unit of that commodity.
While there are firms willing to sell and, simultaneously, consumers willing to
buy the commodity, opportunities to trade exist.
While time flows continuously, the actions of individual agents take place at
discrete moments. Time is divided into an infinite sequence of basic periods.
From here on, we will call these ‘days’, where the inverted commas are there to
remind the reader that it is only a label chosen for convenience, and not because
of any pretended relation with reality. During each ‘day’, the following sequence
of actions takes place:
(i) At the beginning of the ‘day’, firms produce and send information.
(ii) During the ‘day’, consumers ‘shop’.
(iii) At the end of the ‘day’, all agents evaluate their own market experience.
This is not simply a sequence of actions and outcomes. We will see that it
is ‘real dynamics’, in the sense that both consumers and firms decide their
actions on a given ‘day’ on the basis of their market experiences during the
foregoing ‘days’, whereas the actions on the given ‘day’ influence the individual
market outcomes on ensuing ‘days’, etc. We will discuss successively the actions,
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the outcomes and perceptions of opportunities, and the rational decisions of the
agents.

2.1 Actions
Firms produce a homogeneous consumption good, which has a given price. This
price is given and equal for all agents. It is also constant through time, and
known to all agents. All firms are identical in that they use the same production
technology, which exhibits constant returns to scale. The production decided upon
at the beginning of the ‘day’ is immediately available for sale, while unsold
stocks perish at the end.6 Firms may send information signals to some other
agents at the beginning of each ‘day’. Each signal communicates to its receiver
that the firm offers the commodity for sale on that ‘day’. Spreading these signals
is costly, the marginal costs being constant. Receiving information, on the other
hand, is costless. These signals are the only means of communication available
to the individual agents. Thus a firm, preferring more profits to less profits,
makes available for sale a number of units of the commodity, spreads information
about this in order to attract the attention of potential customers, and then waits
to receive customers to whom to sell.
On each ‘day’ preferences and endowments are such that each consumer
wishes to buy and consume exactly one unit of the produced commodity, given
its price. We abstract from the question under which circumstances this would
be the case. During each ‘day’ consumers ‘shop around’ in search of a trading
opportunity. The only consumer decision problem is the choice of agents to visit

6

Implicitly, this assumes a specific choice of the parameters of the storage technology;
infinite costs of storage. Just as with respect to any parameter, it would be interesting to
consider the effect of different values.
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on a given ‘day’. Each consumer can visit only one agent on each ‘day’.7 Trade
takes place on a ‘first-come first-served’ basis, and each consumer who has not
found a unit of the commodity available, will go home dissatisfied.

2.2 Outcomes and Perceptions of Opportunities
Besides the price of the commodity and their own preferences, endowments, and
technology, the individual agents begin, at the beginning of ‘day’ 1, without any
quantitative or structural knowledge of the economy. Their perceptions of trading
opportunities are based exclusively on their own experiences in the market.
However, when markets are not orderly, i.e., when there may be simultaneously
rationed sellers and rationed buyers, these individual market experiences are not
merely a reflection of the overall state of the economy. Here, we will describe
what agents perceive and, in particular, what they do not perceive.
Firms perceive that some other agents in the economy exist, but they know
nothing about their characteristics. They are even unaware of the numbers of
other agents, and they are completely ignorant as to the actions of other firms.
They know nothing about the market experience of other agents, nor are they
informed what future market developments will be. At the end of the ‘day’ each

7

This does not restrict the nature of the problem in any meaningful sense; it simply changes
the value of some of its parameters. The more general scenario would be one in which
consumers wander continuously about, searching for trading opportunities, making more visits
during each ‘day’, also on more markets to buy various commodities, while the ‘shopping’
behavior would not be synchronized between the consumers. Let us assume that time flows
continuously, that the visits and exchanges are discrete events of zero duration, like the arrivals
in a Poisson process (see Foley [1975] or Diamond [1982]), associate with each agent a
‘random clock’ that rings independently for each agent at the instances of a Poisson process,
and let each consumer make a visit when his clock rings (see the theory of interacting particle
systems, e.g., Griffeath [1979]). The one-visit-only assumption is just a specific parameter
choice with respect to this Poisson process plus a slight simplification.
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firm observes only how much it has actually sold. Hence, in the case where a
firm has some units in stock left at the end of the ‘day’ it can calculate the total
demand directed towards it. But in the case of a stock-out it cannot know this for
sure and must estimate it, because a firm with empty shelves simply closes for
the rest of the ‘day’.8 Demand above the firm’s available supply is simply
foregone. Thus, given that it knows its production and communication costs, a
firm can compute its profits ex post. These profits might turn out to be negative.
In our analysis we discard all kinds of liquidity or bankruptcy problems. Firms
simply prefer higher to lower profits. Thus we are implicitly assuming some
complementary model of a loan market in which lenders allow the firms to make
negative profits on unpleasant conditions. Another possibility that may occur is
that a firm will perceive no profitable opportunity to produce a positive amount
of output and will therefore choose not to produce or signal at all. Whether such
firms are definitely out of business or may re-enter will be determined
endogenously. In any case, the number of firms is fixed, and we do not consider
the possibility of new entrants.
‘Shopping’ is anonymous. Hence, firms may believe that there is some
relation between the number of signals sent and the demand directed towards
them, or between their present clientele and the consumers they have supplied in
previous periods, but they do not observe any qualitative characteristic of their
consumers.9 The result of all this ignorance is that firms are not able to specify
the demand function facing them.10
8
9

See e.g., Alpern & Snower [1988].
These limitations of the knowledge of the firm about its clientele are plausible if one has
a monetary economy in mind. One of the distinguishing characteristics of ‘monetary shopping’
is that no seller asks a customer anything as long as the latter has money in his pocket and
agrees to pay cash (see e.g., Anderlini & Sabourian [1988] or Shubik [1988]).
10
In order to maximize its profits directly with standard techniques, a firm would need to
know the complete time-varying distribution of demands directed to it. As we see, here and also
later with the consumers, in a certain sense, we are driving the local character of the interaction
between the individual agents to the extreme.
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Also consumers understand that some other agents in the economy exist, but,
again, they know nothing about their characteristics. In particular, a priori they
have not identified the agents that are firms, possibly offering them a trading
opportunity on a given ‘day’. They may get such information through the
information signals sent by the firms. Moreover, consumers gather information
by way of their own trading experiences. Hence, on a given ‘day’, consumers
may perceive three categories of agents where opportunities to trade may be
feasible. First, the agents they already know from their previous market
experiences. Secondly, the agents whom they know to be selling the commodity
on that ‘day’ by the information signals received. Thirdly, any other, unidentified
agent.
Having observed their market outcomes, all agents evaluate their perceptions
and decisions.

2.3 Rational Decisions
As firms are ignorant as to the characteristics of the agents to whom they may
send information, they are indifferent in this respect and therefore choose the
agents to whom they send a signal at random. Hence, the remaining decision
problems concern the quantity to be produced and the number of signals to be
sent. As a firm chooses each ‘day’ just one point in its action space, its
accumulating experience can be analyzed as follows. First, the firm observes the
height of its payoff generated on that ‘day’ by the point chosen. In fact, secondly,
the firm observes a dual series of actions and outcomes. Thirdly, the firm
observes also whether or not it has some stock left at the end of the ‘day’. When
a firm has some units left then profit would have been higher if it had produced
less, given its signaling activity. Whether more signaling, given its production,
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would have been profitable depends on the number of consumers that would have
been attracted by those signals. When a firm has a stock-out then profit would
have been higher if it had produced more, given its signaling activity, or if it had
signaled less, given its production. All these perceptions contribute in forming the
firm’s beliefs about which regions of its action space are promising; promising
not only in terms of direct profitability, but also with respect to the value of the
generated information. Clearly, rational firms will choose those combinations of
production and signaling that they perceive to be most valuable. The way a firm
weighs its experiences in order to come to a choice on each ‘day’ will be
discussed in section 4, after a digression on machine learning techniques.
A consumer’s perception of trading opportunities is shaped through his own
individual market experiences, and through the information signals by which the
firms try to attract his attention. As we saw above, a consumer will in general
perceive three categories of potential suppliers of the commodity. A rational
consumer’s ‘shopping’ behavior, i.e., the choice of the agents to visit, depends
on his perception of its payoff; either in the form of information gathered, or in
the form of satisfaction of his consumption desire. For the latter, a visit must
meet the two requirements that the visited agent is a firm, and that it has a unit
of the commodity in stock.
As the direction of each rational consumer’s ‘shopping’ efforts depends upon
his perception of trading opportunities, which change endogenously, demand does
not move around completely at random. Hence, trading opportunities faced by
each individual firm may also change endogenously from ‘day’ to ‘day’, even
though aggregate demand per ‘day’ is constant. As firms take their perceptions
of these changing opportunities into account when deciding upon their actions,
each individual agent’s environment may be nonstationary.
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3. Machine Learning: Three Approaches
In this section we will discuss three approaches to machine learning that may be
relevant to model the choices of rational firms and consumers in our model, and
of rational agents in economics in general. We will not argue that rational agents
do actually use such AI methods; the ‘as if’ argument will serve. The approaches
examined are: Genetic Algorithms, Classifier Systems, and Artificial Neural
Networks.11

3.1 Artificial Neural Networks
At first appearance, the most sophisticated and interesting approach currently
found in the literature are Artificial Neural Networks (ANNs). ANNs are often
considered to be mysterious ‘black boxes’. For our purpose, such a view will
suffice. ANNs need an input and produce, in one way or another, a desired
output. In order to be able to achieve such a task, an ANN needs some learning.
To begin, one needs a training set consisting of a number of input patterns x plus
attached to each observation the corresponding ‘true’ or ‘correct’ value of some
output variable y. Pattern after pattern is presented to the ANN, and each time
the ANN’s actual output ŷ is compared with the correct or ‘target’ output y. In
11

Both CSs and GAs have for a large part been developed in the ‘school’ of J.H. Holland
at Ann Arbor, Michigan (see Holland [1992]) Useful introductory surveys can be found in
Booker et al. [1989] or the special issue on genetic algorithms of Machine Learning [1988].
Goldberg [1989] is an excellent elementary but comprehensive textbook. For an introduction
to ANNs, see e.g., Lippmann [1987] and the references therein. A remarkably early recognition
of the possible fruitfulness of ANNs for economic theory is Day [1975]. As AI in economics
is merely a tool, used in order to model rational agents, the presentation of these approaches in
this essay serves only pedagogical goals, and is not intended as an exhaustive historical survey
or critical discussion.
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our model, the ANN’s input would be the agent’s market experience, the ANN’s
actual output ŷ would be its action chosen for the next period, while the ‘correct’
or target output would be that action that would maximize payoff. See appendix
A for the notation used in this essay. When the whole batch is processed, one
adjusts some internal parameters of the ANN on the basis of the differences
between the outputs determined by the ANN ŷ and the target outputs y.12
Usually the same batch of input - ‘target’ output combinations is processed in this
way a large number of times, until the ANN has learned enough.
The most interesting feature of ANNs is that they use some sort of general
flexible functional form, without pretending to represent reality, data generating
processes, or causal chains, in order to yield an inherently misspecified
approximation of an unknown function.13 Conceptually, ‘training’ or ‘learning’
with an ANN is identical to running an Ordinary Least Squares regression. Given
a number of observations concerning some explanatory variables x (input) and
the corresponding actual values of a dependent variable y (target output), one
calculates parameter values to determine the estimated dependent variable ŷ
(output) such that some error term is minimized. The adapted parameter set or
estimated coefficients can then be used to make predictions. Hence, to an
econometrician, ANNs are a useful new technique to cope with the problem of
misspecification.
There are, however, some conceptual problems with the ANN learning
method outlined above. The main problem is that the method relies completely
upon some external supervisor. In essence, by correcting parameters on the basis
of some error function representing a measure of the distance between the ‘target’
12

The most commonly applied method to adjust the parameters is backpropagation (see
Werbos [1974]).
13
Lippmann [1987] refers to a theorem proven by Kolmogorov and described in Lorentz
[1976] that effectively states that a three layer ANN with n(2n+1) nodes using continuously
increasing nonlinearities can compute any continuous function of n variables. See also Werbos
[1988] and Hornik et al. [1989].
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output y and the ANNs actual output ŷ, the external supervisor teaches the ANN
to reproduce the target output for each input pattern in a training sequence. In
other words, ‘learning’ by such ANNs means no more than summarizing and
memorizing a given input-output table.14 In general, however, and in particular
in a decentralized economy, there is no external supervisor in the position to
teach the ANN which is the ‘correct’ (i.e., the best possible) output, or how much
it differed from such a target, even afterwards. Frequently, there is only a notion
of what the ANN should accomplish plus a success measure of its performance.
For example, the ANN must generate profits or utility, mapping an observed state
(input) to actions (output), where the measure of success is simply the amount
of profits or utility. Before we indicate how this problem can be worked out by
the application of ‘reinforcement learning’ methods in ANNs,15 we give an
example to illustrate this important issue further.
According to Zermelo’s Theorem: “In chess either white can force a win, or
black can force a win, or both sides can force at least a draw”.16 Hence, the
learning task concerning chess is clear cut: Discover which of these three options
apply, and determine the corresponding moves to play. Although chess is an
14

One could even question whether supervised ANNs belong to the domain of AI. The most
commonly used implicit definition of intelligence applied to AI follows from the ‘Turing test’:
If a computer behaves in a way as to be confused with a human being, then it must be defined
intelligent. This definition leaves no role whatsoever for the role of learning. Poggio (1992)
reports on a recent experiment in which some very simple computer programs turned out to
confuse people, and argues that a system should be considered intelligent when it is able to
learn unsupervised.
There do exist ANNs that learn without supervision. Usually, these produce classifications
simply clustering input data. For example, assuming all handwritten b’s look more like each
other than c’s or d’s etc., they put all b’s together in one class, all c’s in another class, etc.
Afterwards, the right class ‘B’, ‘C’, etc. simply has to be labeled.
15
Sometimes the outlined process of error correction in supervised ANNs is also called
reinforcement learning. As Barto et al. [1983] point out, that is misleading. Error correction
mechanisms are not based on a relative assessment of consequences of the ANN’s output, but
only on knowledge of the supervisor of both the correct and actual output. This does not involve
feedback that passes through the ANN’s environment.
16
See Aumann [1976], p.1.
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extremely simple game compared with real life, and although it is even closed
in the sense that the number of possible moves is finite and countable, the
number of possible moves and positions exceeds all existing computing power.
Nevertheless, a learning ANN needs a measure for the distance between its own
evaluation of positions and the correct or ‘target’ evaluation of positions in order
to adjust its parameters. The makers of Deep Thought, currently the best
computer chess player, have resolved this problem in the following way. In some
cases the correct evaluations can be found by performing deep searches. In other
cases, they use a batch of 900 master games, and simply define the moves played
by these first-rate human players as the optimal or correct moves.17 Now, by
summarizing and memorizing the knowledged expressed by these grandmasters,
Deep Thought has caught up with the best human players, and will, without
doubt, be able to overtake even Kasparov, actually the best ‘supervisor’ available,
but this falls short of learning the game of chess as stated above.18
This example shows that the problem with supervised ANNs is not that they
use information supplied by another agent. A priori, there is no reason to
distinguish between knowledge based on information about what other agents
have done in a certain situation, and knowledge based on own experience in such
circumstances.19 The problem is that the knowledge of some other agent is
proclaimed ‘true’ or ‘correct’. Hence, such an ANN does nothing else than
imitating a supervisor that is presumed to be perfect. In the case of Deep Thought
this presumption is clearly inaccurate.

17

“[A]ny position reached after a grandmaster’s move is, after all, likely to be better than
all of the others that would have been reached via alternative moves” (Hsu et al. [1990],
p.48/49). Note that this is exactly Friedman’s [1953] selection argument in his side-remarks
about optimizing billiard players.
18
Although this judgement may seem rather cynical, the makers of Deep Thought
themselves are aware of these limitations: “Deep Thought ... remembers everything but learns
nothing ...” (Hsu et al. [1990], p.50).
19
And often the former source of knowledge will be much less costly (see Young[1991]).
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A way to implement reinforcement learning methods is to use two ANNs. A
basic ANN gets its input x (the observed state) and produces an action ŷ as its
output. Some unknown system, i.e., everything that ‘happens’ between the input
and the final outcome, let us say ‘the economy’, then determines a final outcome
V. In order to adjust the parameters of the basic ANN such that the unknown
optimal or ‘target’ action y is approximated, i.e., such that the final outcome V
as a measure of success will be maximized, one needs information about this
unknown system. This information can be constructed as follows. A second ANN
learns to mirror the unknown system, mapping the observed inputs x directly to
outputs V̂ that are a prediction of the actual final outcome V of the system. The
target output of this second ANN is the actual V as realized by the unknown
system. Learning of this ANN takes place through an error correction mechanism
aimed at minimizing the difference between V and V̂. Remember that this second
ANN does not need to understand the underlying mechanisms of the economic
processes that determine the actual outcome V. This second ANN, then, supplies
the necessary reinforcement signals to guide the adjustment of the parameters of
the basic ANN. Although such a ‘self-supervising’ variant of ANNs does seem
a very interesting approach to machine learning, its application seems rather
complex. Until now very few applications of these ideas can be found in the
literature.20
This extensive discussion of ANNs should have made clear how crucial the
issue of the representation of knowledge is in the modeling of a decentralized
economy of locally interacting agents with AI techniques. Understanding this
point will facilitate to see why Classifier Systems and Genetic Algorithms may
be useful to overcome this obstacle.

20

See Barto et al. [1983], Werbos [1988] or Gullapalli [1992].
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3.2 Genetic Algorithms
A Genetic Algorithm (GA) consists of a set of actions, with to each action
attached a measure of its strength. This strength depends upon the outcome or
payoff that would be generated by the action. Each action is decoded into a
string. Through the application of some genetic operators new actions are created,
that replace weak existing ones. GAs are search procedures based on the
mechanics of natural selection and natural genetics. The set of actions is
analogous to a population of individual creatures, each represented by a
chromosome, with a certain biological fitness. The basic GA operators are
reproduction, crossover and mutation. Reproduction copies individual strings
from the old to a new set according to their strengths, such that actions leading
to better outcomes are more likely to be reproduced. Crossover creates a random
combination of two actions of the old set into the new one, again taking account
of their strengths. This means that new regions of the action space are searched
through. Mutation is mainly intended as a ‘prickle’ every now and then to avoid
the set from locking in into a sub-space of the action space. It changes codes of
a string randomly, with a rather low probability.
The key feature of GAs is their ability to exploit accumulating information
about an initially unknown search space, in order to bias subsequent search
efforts into promising regions, and this although each action in the set refers to
only one point in the search space. The explanation of why GAs work is
condensed in the so-called ‘Schema Theorem’.21 When one uses the binary
alphabet to decode the actions, then 10110*** would be an example of a
‘schema’, where * is a so-called ‘wild card’ symbol, i.e., * may represent a 1 as
well as a 0. The following example shows the power of these schemata. Suppose

21

Also called ‘Fundamental Theorem of Genetic Algorithms’. See e.g., Goldberg [1989] or
Vose [1991].
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an individual agent has two decision variables (ŷ1 and ŷ2) and an unknown
payoff function (V), then the search space may be represented by the metaphor
of an unknown landscape.22 Each action as such refers to only one point in this
unknown landscape. As figure 3.1 shows, this does not contain much information
as to where to find the most attractive regions.

15

V
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0
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5
^
y
2

^
y
1

10
15

0

Figure 3.1 a single point in an unknown landscape
Using the binary alphabet and constructing the string by alternating the bits for
ŷ1 and the bits for ŷ2, the portrayed sample action (ŷ1,ŷ2) = (12,4) would be
represented by the string 10110000.23 Hence, 10110*** would be one of the
schemata present in this action. This schema contains much more information
about the landscape, as figure 3.2 shows, where the shaded areas are those
regions in which all possible combinations of ŷ1 and ŷ2 are processed implicitly
by the genetic operators.

22
23

The underlying ‘landscape’ used in this example can be found in appendix C.
The string for ŷ1 would be 1100, and for ŷ2 0100.

Vriend, Nick (1993), Essays on Decentralized Trade
European University Institute

DOI: 10.2870/43227

123

IV Advantageous Opportunities

15

V
10
0
5

5
^
y
2

^
y
1

10
15

0

Figure 3.2 a schema in an unknown landscape
Reproduction, crossover and mutation select strings and then operate on the
coded information represented in these strings. Hence, the more the information
referring to a single point in the search space is fragmented into small pieces, the
more schemata are processed implicitly, and the more information is used by
these genetic operators. This leads to the requirement of using the smallest
possible decoding alphabet. Not all schemata are processed equally usefully, and
many of them will be disrupted by the genetic operators; in particular by the
crossover operator. The ‘Schema Theorem’ says that short, low-order, high
performance schemata will have an increasing presence in subsequent generations
of the set of actions, where the order of a schema is the number of positions
defined in the string, and the length is the distance from the first to last defined
position. Although this ‘implicit parallelism’ is also sometimes called
‘randomized parallel search’, this does not imply directionless search, as the
search is guided towards regions of the action space with the likely improvement
of the outcomes.
GAs are especially appropriate when, for one reason or another, analytical
tools are inadequate, and when point-for-point search is unfeasible due to the
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enormous number of possibilities there are to process, which may be aggravated
by the occurrence of non-stationarity. The most attractive feature of GAs is that
they do not need a supervisor. That is, there is no need for any knowledge about
the ‘correct’ or ‘target’ action, or for any measure of the distance between the
coded actions and the ‘correct’ action, in order to adjust the set of coded actions
of the GA. The only necessary information are the outcomes that would be
generated by each action. In this sense GAs exploit the local character of
information, and no further knowledge about the underlying outcome generating
mechanisms is necessary, e.g., the derivatives of certain functions.
Although a GA does not need information concerning the ‘correct’ action,
an important drawback of GAs is that they still do need, for every coded action
present in the set, the information concerning the outcome that would be
generated by that action. Note that this information requirement is considerably
less than in the case of a supervised ANN. However, when there is no supervisor,
typically not even such information will be available. We will now examine
Classifier Systems, and show that those can be used to supply the necessary
information by constructing a prediction of the outcome for each action in the set.
Classifier Systems and GAs are complementary. While GAs are used to generate
new sets of actions, CSs can be used to determine the strengths of the actions and
to determine which action will actually be executed.24

24

Often GAs are presented as add-ons to CSs, or the other way round. However, although
CSs and GAs are closely related to each other, it seems useful to distinguish them conceptually
very clearly.
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3.3 Classifier Systems
A Classifier System (CS) consists of a set of decision rules of the ‘if ... then ...’
form. To each of these rules is attached a measure of its strength. Actions are
chosen by considering the conditional ‘if ...’ part of each rule, and then selecting
one or more among the remaining rules, taking into account their strengths. The
choice of the rules that will be activated is usually determined by means of a
stochastic ‘auction’, in which each rule satisfying its conditional ‘if ...’ makes a
bid as a stochastic function of its strength.
The fundamental virtue of CSs is that it offers a solution to the reinforcement
learning or ‘credit assignment’ problem. A complex of external payments and
mutual transfers of fractions of strengths can be implemented, such that
eventually each rule’s strength forms a prediction of the payoff it will generate
when activated. The basic source from which these transfers of strengths are
made is the external payoff generated by an acting rule. The strengths of rules
having generated good outcomes are credited, while rules having generated bad
outcomes are debited. Thus the outcomes encountered ‘induce’ successive actions.
Note that one can distinguish two levels of endogenity in a CS. First, the set of
‘if ... then ...’ rules forms explicit links between states and actions. Secondly, the
strengths of these relations between states and actions develop endogenously, i.e.,
the relative strengths of the rules in the set are determined by the rules actually
executed and by the outcomes they have actually generated.25
Two factors make that the direct reward from the CS’s environment to the
acting rule does not necessarily reinforce the right rules. First, the state in which
the CS happens to be may depend, among other things, upon previous decisions.
This is important, as only those rules of which the conditional ‘if ...’ part was

25

This endogenity forms the main difference between CSs and Expert Systems, where these
links are determined a priori by the expertise of the creator of the system.
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satisfied could participate in the ‘auction’ to decide the current action. Hence,
when the current decision turns out to give high payoffs, it may be the rules
applied in the past that gave that rule a chance to bid. An example is the game
of chess, where the final move, the one that actually receives the payoff from the
environment, can be made only thanks to numerous preceding moves. Secondly,
more in general, it may be that not all payoffs are generated immediately, due to
the presence of lags or dynamics, implying that the current outcomes are
determined not only by the current action, but also partly by some actions chosen
previously. This credit assignment problem is solved by the so-called ‘Bucket
Brigade Algorithm’. In this algorithm each rule winning an auction makes a
payment to the rule that was active immediately before it. When the CS
repeatedly goes through similar situations, this simple passing-on of credit makes
that the external payoff may be distributed appropriately over complicated
sequences of acting rules leading to payoff from the environment.26

4. Machine Learning: Rational Consumers and Rational Firms
In this section we will specify how we model the choices of rational consumers
and rational firms, using a combination of Classifier Systems and Genetic
Algorithms.

26

For an analysis of the similarities between the ‘Bucket Brigade Algorithm’ and the method
of backpropagation used in ANNs, and between CSs and ANNs in general, see Belew & Forrest
[1988].
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4.1 Modeling Rational Consumers
Each ‘day’ the problem of a consumer is the choice of an agent to visit. As the
numbers of possible market experiences and possible actions for a consumer on
a given ‘day’ are very limited, each rational consumer will be modeled by a
Classifier System.27 Each consumer’s market experience on a given ‘day’ can
be classified into one of the following six states: Either his transaction desire was
satisfied, or he arrived late and found only empty shelves, or he did not even
succeed in tracking down a firm and was ‘lost in a mist’. A second state variable
concerns the information he received from the firms. Either he received some
information signals or he did not receive any signal at all.
Given the state he is in, each consumer has two or three possible actions
between which to choose. He may patronize, i.e., return to the same agent he
visited on his most recent trip to the market, he may visit a firm he knows from
the signals he received at the beginning of the ‘day’, or a randomly chosen,
unidentified agent. We define ‘patronage’ as ‘return to the last visited agent’,
encompassing any possible motive to adhere to any type of agent. This is
restrictive in the sense that, first, we exclude the possibility of holding a firm in
reserve for some time before returning to it, and secondly, that patronage is
irrespective of the identity of the firm. That is, we consider only the issue ‘to
patronize or not to patronize’ and we do not make further qualitative distinctions
between the various firms, e.g., different degrees of patronage with respect to
different firms. Consumers do not use the information signals received on
previous ‘days’, as these signals communicate only the firms’ willingness to sell

27

All technical details concerning the CS/GAs we implemented will be documented in a
separate paper (Vriend [forthcoming]).
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the commodity on the ‘day’ concerned. In table 4.1 the complete CS is
presented.28
1)
2)
3)

if
if
if

Sat
Sat
Sat

and
and
and

Info
Info
Info

then
then
then

Patr
Known
Rand

4)
5)

if
if

Sat
Sat

and
and

¬Info
¬Info

then
then

Patr
Rand

6)
7)
8)

if
if
if

Late
Late
Late

and
and
and

Info
Info
Info

then
then
then

Patr
Known
Rand

9)
10)

if
if

Late
Late

and
and

¬Info
¬Info

then
then

Patr
Rand

11)
12)
13)

if
if
if

Mist
Mist
Mist

and
and
and

Info
Info
Info

then
then
then

Patr
Known
Rand

14)
15)

if
if

Mist
Mist

and
and

¬Info
¬Info

then
then

Patr
Rand

Table 4.1 Classifier System rational consumer
At the beginning of ‘day’ 1 a consumer does not have any information as to what
the most valuable ‘shopping’ rules are. Therefore, the initial strengths are equal
for all rules. At the end of each ‘day’ each consumer evaluates his market
experience. There are two possible outcomes for a consumer’s ‘shopping’ efforts.
Either he has succeeded in buying one unit of the commodity or he has not.
While the former is a positive outcome, the latter is a negative one. The strength
of the rule that led to this outcome is adjusted accordingly. Furthermore, we use
a ‘Bucket Brigade Algorithm’ to incorporate the fact that the state in which a
consumer finds himself, is in part the result of his own actions in the past. Hence,
a transfer of a fraction of the strength of the winning rule is made to the strength
28

Sat = satisfied; Late = arrived late at firm; Mist = not found a firm; Info = information
signals received; ¬Info = no information signals received; Patr = patronage; Known = visit firm
known from signal; Rand = visit random, unidentified agent. With six possible states and three
possible actions one would get eighteen possible rules. However, if a consumer has not received
any signal, he cannot choose a firm known from signals received.
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of the rule applied on the preceding ‘day’. Eventually, the strength of each rule
reflects the consumer’s perception of his trading opportunities. A rational
consumer, however, will not simply choose the ‘shopping’ strategy that he
perceives to be superior. He will also try to improve his perceptions. That is, he
will search to balance the exploitation and the exploration of perceived
opportunities. Therefore, as the conditional ‘if ...’ part of the rules is
simultaneously satisfied by more than one rule, it is not simply the strongest rule
that becomes active. Instead, these rules make a stochastic ‘bid’ as a function of
their strength, and the highest bidder wins the auction, i.e., that rule will be
applied on that ‘day’.

4.2 Modeling Rational Firms
The problem of a firm is to decide upon its production (z) and signaling activity
(s), which then leads to a payoff (V). As each firm’s search space is very
large,29 we will use a combination of a Classifier System and a Genetic
Algorithm to model each rational firm.
Each action string in a firm’s CS/GA refers simply to a single point in (z,s)
space. In fact, each action string can be considered as an ‘if ... then ...’ rule in a
standard CS, where the conditional ‘if ...’ component is always satisfied, such that
only the action or ‘then ..’ component remains. At the beginning of ‘day’ 1 a
firm does not have any information as to what the most valuable actions are.
Therefore, the initial set of strings for each firm’s CS consists of actions
randomly ‘seeded’ in the firm’s search domain, and the initial strengths are equal
for all strings. The CS governs the reinforcement learning process and determines

29

From our specification of the technology it follows that the firms’ search space, also
called action space or (z,s) space, is 2.

Vriend, Nick (1993), Essays on Decentralized Trade
European University Institute

DOI: 10.2870/43227

130

IV Advantageous Opportunities

the actions, distributing the external payoff from the profits V, analogously to the
procedures described above for the case of the consumers. A rational firm will
choose his actions in those regions of the (z,s) space that it perceives to be most
advantageous. Therefore, a GA is used to direct the set of actions towards the
regions of the (z,s) space in which its performance is likely to improve. Through
the application of the genetic operators reproduction, crossover and mutation
some new action strings are created every now and then to replace weak existing
strings. The frequency at which this is done is determined by the GA rate. Note
that a too high GA rate would make that the CS does not get enough time to
predict the value of the newly created strings, while a too low GA rate would
lead to lack of exploration of new regions. Furthermore, a firm knows that when
a stock-out occurs, its profit would have been higher if it had produced more, and
the same applies if it had produced less in case there is some stock left.
Therefore, every ‘day’ a mutation operator is applied to the most recently active
rule, such that the encoded number for z in that string is increased or decreased
slightly in the apparently right direction.

4.3 Some Possible Misconceptions Concerning CS/GAs
Before turning to the analysis of the simulated decentralized economy, four
important clarifications have to be made. First, although each rule for itself in a
CS/GA is a simple rule, a CS/GA as a whole does not pretend to model an agent
who uses only simple decision rules. It is the set of rules that forms the link
between actions and outcomes, and it is not the individual rules that is important.
Moreover, this set of rules may change, applying the genetic operators. As is
well-known, such a representation of knowledge is not restrictive in any sense,
and any program that can be written in a standard programming language can be
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implemented in a CS.30 Hence, a CS/GA may be thought to model the most
complex and sophisticated human decision procedures as well as the most simple.
By using CS/GAs we do not pretend in any sense to implement a realistic
representation of the brain of human agents. In other words, any decision can be
modeled ‘as if’ made by a CS/GA.
Secondly, it would also be confusing to depict the behavior of the individual
agents modeled by a CS/GA as ‘adaptive’, and it might be evidence of an
important misconception of the issues at stake. Typically, ‘adaptive’ behavior is
thought to mean something as ‘too passively walking behind the facts’. Such a
description would be fully inappropriate for the agents modeled by a CS/GA.
These agents are active searchers for the most advantageous opportunities. They
experiment to improve their perceptions of these opportunities, continuously
exploring the most promising regions of their action domain. Experimentation in
the CS/GA approach may take place in various forms. In our implementation of
the CS actions of both consumers and firms are determined by means of a
stochastic auction between the appropriate rules, such as to improve the
perception of the opportunities of all promising rules. The firms’ GAs explore
new unknown regions. The frequency at which this is done is determined by the
GA rate. In our implementation we use a variable GA rate, making it depend
upon the outcomes experienced. Disappointing profits may ‘trigger’ the GA, to
create some new rules in advance to the regular expiration date. Hence, firms do
not only direct their experiments towards the most promising actions, but they
also experiment at what they perceive to be the right moment.
The crucial point is that what the agents perceive to be promising is a
function of the exogenously given information at the start of the process and all
the experiences during the process. What is excluded are ad hoc exogenous
changes of perceptions during the process, because those would sweep away
30

That is, these systems are ‘computationally complete’ (see Minsky [1967]).
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every hope to find constraints imposed by the market process upon the individual
agents’ possible perceptions. See also the introduction of this essay. Note that
even the mutation operator applied to the firm’s most recently active rule should
be distinguished conceptually from simple adaptive algorithms. This mutation
operator does not decide the subsequent action simply as an adaptation of the
present action, but is an update of the knowledge embodied in the system as a
whole. There is no reason to assume that the same string will act the next ‘day’.
Thirdly, calling their behavior ‘myopic’ would also wrong the agents. They
are competent enough to give up direct profits/utility in order to gather
information to generate more payoff later on. Moreover, through the use of the
‘Bucket Brigade Algorithm’ also rules that do not directly generate payoff are
reinforced according to their merits. This makes that agents may ‘recognize’
valuable sequences of actions.
Fourthly, although much research in the field of CS/GAs has been inspired
by the metaphor of natural evolution, there is an essential difference with socalled ‘evolutionary’ models in economics.31 In the latter there is a population
consisting of various types of agents who are born, create offspring, and die, all
according to some arbitrary, ad hoc rules. As far as the economic process is
concerned, these agents apply simple, fixed decision-rules, and they do not learn.
That is, they never change their perception of given underlying opportunities.
Hence, in these ‘evolutionary’ models the individual agents exhibit at most some
form of degenerate economic behavior.32 Such a conclusion may be partly
avoided by interpreting the process by means of which the numbers of agents
following certain rules are changed as the switching from less successful to more
successful rules by these agents. This would, however, still imply a rather poor

31
32

See e.g., Goldberg & Holland in Machine Learning [1988] resp. Smith [1982].
The same form of degenerate economic behavior can be found in formal analyses with
simple fixed rules of behavior (e.g., Feichtinger [1992]).
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and arbitrary learning process, which is specified at the aggregate level, and does
not directly relate an individual agent’s actions to his own perceptions of his
opportunities. In models with CS/GAs, on the contrary, there is a fixed
population of individual agents. As the economic process evolves, the actions and
perceptions of each individual agent change endogenously, i.e. as the result of the
feedback from his own environment. In other words, the evolution takes place
within each set of strings representing the knowledge of a single individual agent.

5. Simulation Results
In this section we analyze the data obtained from simulations. The parameter
values of the economic model can be found in appendix B. We run the model for
2000 basic periods, or ‘days’, with 50 firms and 5000 consumers. At the end of
‘day’ 2000 more than 10 million units of the commodity have been produced,
almost 50 million information signals have been sent, and 10 million times a
consumer has made a trip to the market. This has resulted in more than 9 million
transactions. All individual data concerning actions and outcomes have been
recorded and stored. We will characterize the history of actions and outcomes by
looking for regularities in the data set. In particular, we are interested in those
regularities that cannot be inferred directly from the built-in properties of the
individual agents or some other microeconomic aspect of the model, i.e., not by
any argument that is substantially shorter than producing that regularity by
running the simulation itself.33 The emergence of this type of regularities is
usually related to the metaphor of the Invisible Hand. While the individual agents

33

See Lane [1992].
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take care only about their own self-interest, it is the Invisible Hand that is thought
to perform a regulating function, bringing about coordination of economic
activities. We will search for regularities not only at the level of macroeconomic
activity, but we will also analyze whether the microeconomic distributions,
concerning the experiences of the individual agents underlying those aggregates,
show some regularities.34

5.1 Macroeconomics
The variables most commonly considered in business cycle theory are production,
demand, sales, advertising, profits, profits per unit of sales, and unsold stocks.35
We also consider some variables that are less often observed in business cycle
analysis. First, with respect to the actions of the consumers, the relative number
of consumers choosing to patronize. Secondly, concerning the service offered by
the firms, the probability that a firm can satisfy a given client. Thirdly, in order
to analyze how successful the coordination of economic activities is, we
constructed a measure of the efficiency of the economy. Two factors have to be
taken into account. On the one hand, the number of actual transactions relative
to aggregate demand, and on the other hand, the signaling and production costs
incurred to realize these transactions compared with the resources that were
technically absolutely indispensable to create these transaction opportunities.
Hence, the efficiency coefficient ε=(act. trans./aggr. dem.) (indisp. res./aggr. costs), where

34

In this essay we restrict the analysis to the economic variables, that is to the observable
actions and outcomes. An analysis of the functioning of the CS/GAs as such will be presented
in Vriend [forthcoming].
35
See e.g., Zarnowitz [1985].
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0≤ε≤1, and ε=1 means maximum efficiency. The series are presented in figure
5.1.a to d.36
units
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Figure 5.1.a time series average production, demand faced, and transactions
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Figure 5.1.b time series average costs per unit of sales

36

For presentational reasons, in all time series we aggregated (averaged) the ‘daily’
observations to ‘weekly’ observations; 1 ‘week’ covering 5 ‘days’ (cf., Lennon & McCartney
[1964]). Moreover, as the numbers of firms and consumers are constant, where appropriate we
will express the variables as averages over firms resp. consumers.
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Figure 5.1.c time series patronage as proportion of consumer population
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Figure 5.1.d time series average service rate and macroeconomic efficiency
These graphs show four remarkable features of the macroeconomic time series.
First, we see very strong movements in most series at the very beginning of the
history. As all agents were initially completely ignorant as to the relative values
of their possible actions, and to the objectively given, overall economic
opportunities, the first phase of the time series appears to be dominated by a
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definite overall learning effect. Secondly, the macroeconomic efficiency
coefficient increases very fast right from the start, and already after about 20
‘weeks’ the economy reaches a high performance level. The average demand
faced by the firms is almost 100, the maximum attainable, implying that all
consumers have discovered their way to the market, while production and sales
are very close to that level. Moreover, profits per unit, efficiency, and patronage
reach their historical maximum also already after 20 ‘weeks’. Hence, ‘on average’
agents learn very fast about the overall opportunities of the economic
environment, and that while each individual agent observes only his own actions
and outcomes. Thirdly, the economy does not settle down at that high
performance level. Although the average demand faced by the firms remains
constant, the average production shows a prolonged upward sweep, whereas the
average transactions move in the opposite direction. Evidently, consumers have
some difficulties in finding the right firms. This seems to be confirmed by the
considerable fluctuations in the patronage series. Furthermore, profits per units
appear to be squeezed steadily by increasing signaling costs, and the system
efficiency decreases accordingly. It seems that in this second phase, roughly from
‘week’ 20 to 200, the economic interaction between the individual agents, who
are all continuously learning about their opportunities, forcefully sways the
economy, although the overall economic environment is kept constant. Fourthly,
after ‘week’ 200 all series appear to approach a comparatively steady state. For
reasons of convenience, we will refer to this as a macroeconomic ‘equilibrium’,
without venturing upon a definition. Table 5.1 gives some statistics of this
macroeconomic ‘equilibrium’, which forms an important regularity, based on the
‘daily’ observations.
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variable

avg.

st.dev.

min.

max.

transactions
production
signals
demand faced
unsold stocks
profits
patronage
prob. service
efficiency

95
105
570
100
11
23
0.30
0.95
0.31

2
6
39
0
4
3
0.01
0.02
0.01

84
88
434
100
2
14
0.27
0.86
0.28

99
125
703
100
27
29
0.33
0.99
0.34

Table 5.1 statistics macroeconomic ‘equilibrium’, ‘days’ 1001-2000
In this ‘equilibrium’, the processes of competition and learning imply that the
economic opportunities for individual agents may still be changing continuously.
An analysis of the last 200, relatively quiet, ‘weeks’ of the variable aggregate
production, without doubt the most important variable in business cycle theory,
showed that this local interaction of the agents did not produce cyclical behavior
of the aggregate economic activity.37

5.2 Microeconomics
In this section we examine the differences between the individual firms and
between the individual consumers in their actions and outcomes. Individual
experiences may differ in the sense that the distribution over time of an
individual agent’s experiences merely reflects the possibly changing cross-

37

The Ljung-Box test statistic indicates that the hypothesis of ‘white-noise’ cannot be
rejected (χ2(6) = 10.7). This seems related not so much to the fact that the aggregate demand
is kept constant, but more in particular to the fact that the demand effectively on the market,
i.e., the average demand faced by the firms, turns out to remain constant during the economic
process.
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sectional distribution of experiences in the economy. More important however are
those differences in individual experiences that do not ‘average out’ over time;
the systematic differences.
First, we consider the firms. In figure 5.2 the development of a regularity in the
differences in sales between the individual firms is traced. After two strong
sweeps the standard deviation of the sales seems to have found an ‘equilibrium’,
in which the spread in sales between the firms in any given ‘week’ is
considerable.

units
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400 time (‘weeks’)

Figure 5.2 time series standard deviation in sales
In figure 5.3 for each firm we give the realization of the variable sales averaged
over the ‘days’ 1-2000, and we see that these differences are averaged out only
very partially over time.
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Figure 5.3 for each firm: average sales ‘days’ 1-2000
The graphs for the variables production, signaling, demand faced, unsold stocks
and profits can be found in appendix D. Table 5.2 gives some statistics.
variable

avg.

st.dev.

min.

max.

sales
production
signals
demand faced
unsold stocks
profits

94
108
487
99
15
28

15
16
84
16
2
5

61
71
309
65
10
18

125
141
663
131
18
38

Table 5.2 statistics individual firms, averaged ‘days’ 1-2000
We see that the spread in actions and in outcomes is considerable, and that there
are systematic and significant differences between the firms’ experiences.
Accumulated over the history of 2000 ‘days’, with respect to each of the
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variables listed in table 5.2 the highest value is double the figure of the
lowest.38 The relationship between a given individual firm’s scores on the
various variables will be considered below.
Often, it is found that empirical firm-size distributions (e.g., measured in
sales, production capacity or profits) have a Pareto distribution, to be recognized
by a linear curve when the size of each firm is plotted against its rank in the
population on a log-log scale.39

log(sales)
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0.8
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1.6

1.8

log(rank)

Figure 5.4 firm-size distribution last ‘quarter’ (i.e., ‘days’ 1941-2000)
Clearly, the curve in figure 5.4, plotting the size distribution in the last ‘quarter’
of the history, is not linear, but concave to the origin. This may be explained by

38

Clearly, with such large differences and so many observations, these differences form a
regularity, in the sense that they are not just caused by some stochastic noise. For example, with
respect to the variable profits, an analysis of variance of the matrix of 2000 ‘days’ × 50 firms,
testing for the significance of column effects (i.e., of the factor ‘firms’) yields F(49,97902) =
217.2.
39
Formally, the relation between size and rank in the population of each firm is expressed
by the equation size rankβ = α, where α and β are constants. Taking logarithms, we get
log(size) = log(α) − β log(rank). The measure of firm-size we use is the firm’s average sales
during a ‘quarter’, which is 12 ‘weeks’ or 60 ‘days’.
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the following particular of our economy. It is in an economy without growth, in
the sense that the aggregate demand is constant through time and that there is no
entrance of new firms. As a result, there are relatively too many medium size
firms and too few small firms to get a Pareto distribution.40
It is important to note that the systematic differences between the individual firms
emerge completely endogenously in the economic process. At the beginning of
the history all firms were identical. Hence, all references to presumed differences
in skills or attitudes, such as e.g., ‘aggressivity’, and other psychological factors
would be entirely out of place. Moreover, our simulation illustrates that such
explanations are also unnecessary in situations where they might, in principle, be
used to explain differences between the actions of individual agents, such as e.g.,
in experiments.41
Notwithstanding the considerable differences between the experiences of the
individual firms on the market, and the resulting firm-size distribution, there are
also some remarkable correspondences between the firms. A comparison of figure
5.3 with the analogous graphs of figure D.1 in appendix D, where the firms are
each time ordered on their cumulative sales, suggests a regularity in the
individual firms’ performance with respect to the presented variables, as the
shapes of the graphs are rather similar. This regularity is confirmed by splitting
the gross revenue for each unit sold between the various costs incurred by each
individual firm. Figure 5.5.a, where the firms are ordered on their cumulative
sales, shows an identical distribution for each firm.

40

See Ijiri & Simon [1977] who illustrate this issue on the basis of some models of
stochastic processes.
41
This is analogous to Stigler & Becker [1977], who argued that economists should not too
easily point to differences in tastes to explain differences in actions between individuals.
In appendix D we give a typical example of the sales path followed by 2 firms. One is the
firm with the largest decrease in average sales from the first to the second half of the history,
while the other is the firm with the largest increase.
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Figure 5.5.a for each firm: average costs/unit of sales ‘days’ 1-2000
That the production costs per unit sold are the same for each firm is determined
directly by the production technology, which is identical for all firms. Striking
is the fact that the firms, though they have such different perceptions with respect
to the extent of their trading opportunities, turn out to spend all the same amount
on signaling per unit sold, that they all let perish the same amount of unsold
stocks per unit sold, and that they all make the same profit per unit sold. Note
that all firms use the same constant-returns-to-scale technology. But that does not
yet imply that they should follow the same signaling and production policy per
unit sold. This seems to be an important regularity. A second regularity is
presented in figure 5.5.b, where we see that, on average, also the probability to
be able to serve a given client turns out to be equal for all firms. Table 5.3 gives
some statistics concerning these uniformities between the firms.42

42

Statistical testing reveals that the standard deviations are all not significantly different
from zero. Denoting the number of observations as n, (n−1) s2/σ20 has a χ2(n−1) distribution
under the hypothesis σ=σ0. The one-sided 95% confidence intervals for σ0 are: profit/unit 0 0.009, signaling/unit 0 - 0.011, unsold stocks/unit 0 - 0.008, and prob. service 0 - 0.007.
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service rate
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Figure 5.5.b for each firm: average probability to serve a given client ‘days’
1-2000

variable

avg.

st.dev.

min.

max.

profit/unit
unsold stocks/unit
signaling/unit

0.30
0.04
0.41

0.007
0.007
0.009

0.28
0.03
0.39

0.31
0.05
0.43

prob. service

0.95

0.006

0.94

0.96

Table 5.3 statistics individual firms, averaged ‘days’ 1-2000
Next, we consider the consumers. In figures 5.6.a and b we present the actions
and outcomes of the consumers averaged over the entire history. For
presentational reasons, the individual consumers are ordered on the cumulative
number of ‘days’ that they have been satisfied and aggregated to percentiles; each
percentile giving the average value over 50 consumers. The graph for patronage
gives the percentiles ordered on average satisfaction. Analogous graphs, showing
the consumers’ choices for a firm known from a signal received, or for just a
random unidentified agent, are presented in appendix D.
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Figure 5.6.a for each percentile of consumers: average satisfaction frequency
‘days’ 1-2000

patronage (% of ‘days’)
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Figure 5.6.b for each percentile of consumers: average patronage frequency
‘days’ 1-2000
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In table 5.4 we give some descriptive statistics, where for each consumer each
variable has been averaged over the ‘days’ 1-2000.43
variable

avg.

st.dev.

min.

max.

satisfaction

0.94

0.006

0.92

0.96

patronage
visits known signaler
visits random agent

0.30
0.69
0.01

0.064
0.064
0.002

0.13
0.45
0.00

0.55
0.87
0.01

Table 5.4 statistics individual consumers, averaged ‘days’ 1-2000
Reading the table from the bottom row to the top, the following interesting points
emerge. First, we see that all consumers have discovered very soon that agents
who never send signals and are never observed selling the commodity, are very
unlikely to be firms offering the commodity for sale. Secondly, the information
signals sent by the firms are important to the consumers, as in 70% of the cases
they use these to select a firm. Thirdly, there is an enormous systematic
difference in the consumers’ ‘shopping’ behavior, as some consumers patronize
more than four times as often than some others. However, fourthly, there is a
remarkable small variance between the consumers’ market outcomes.44
43

Thus, these statistics are not based on the grouped percentile data, but on the individual
observations. For large numbers of observations n, ((s−σ0)/σ0)
{2(n−1)} has a N(0,1)
distribution under the hypothesis σ=σ0. The 95% confidence intervals for σ0 are: satisfaction
0.0054 - 0.0056, patronage 0.0627 - 0.0652, visits known signaler 0.0626 - 0.0651, visits
random agent 0.0015 - 0.0016.
44
An analysis of variance of the matrix of 33 ‘quarters’ × 5000 consumers testing for the
significance of column effects (i.e., of the factor ‘consumers’) yields F(4999, 159968) = 0.96.
Hence, there is no significant difference between the consumers in their success over time.
However, this depends much on the point of view one takes. It matters which of the two
possible market outcomes one takes for granted and considers as ‘natural’, and which outcome
one considers as a noteworthy deviation. If we express the consumers’ outcomes not as a
satisfaction rate, but as a disappointment rate, then we get a minimum of 0.04 and a maximum
(continued...)
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5.3 Competition, Patronage and Arbitrage
To interpret the data, it is important to remember that in the simulated economy,
the price of the commodity is given, known and equal for all agents and constant
through time, and that the commodity itself is homogeneous. Heterogeneity may
arise endogenously in the economic process, as individual firms may differ in the
following two senses, as perceived by consumers. First, their identity may be
better or worse known by means of the information signals. Secondly, they may
differ in the reliability of their service. Hence, firms compete using signaling and
a good service as weapons. Consumers are interested only in the probability to
obtain a unit of the commodity. Whereas in models with price-setting firms
consumers are looking for bargains, in our economy they are pursuing high
service rates.
In section 5.2 we observed that the firms, although reaching a high performance
level very quickly, continued to increase their signaling activity steadily, thus
eroding their profits. In the end, the firms differed strongly in their perceptions
of and experiences on the market, but on average they all had the same cost
profile per unit sold. Moreover, on average they all offered the same
opportunities to their clients. This does not mean that differences in service rates
do never occur, but only that they do not persist. This all indicates that
competition works, and leads to important regularities. Note that firms are not
44

(...continued)
of 0.08. That is, the ‘worst’ consumer turns home disappointed twice as often as the ‘best’. As
we did not specify the commodity and the consumers’ preferences further, we cannot quantify
the loss for a disappointed consumer in a given ‘day’. It may be that from the ‘worst’
consumer’s point of view this difference is not negligible at all. Having put it this way, it is
remarkable, at least as a curiosity, that also the ‘worst’ and ‘best’ firms, averaged over the
whole history, differed a factor 2.
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even aware of the existence of competitors; not to mention the actions of those
competitors. Competition works via the market. In this section we will focus
upon the role played by the consumers in the market process, and in particular
upon the phenomenon of patronage.
At the beginning of the first ‘day’, each consumer is completely indifferent as to
his ‘shopping’ strategies. Hence, all emerging regularities are completely
endogenous. We have seen that consumers practically never visit a randomly
chosen, unidentified agent. Given the low probability, roughly 0.01, that such an
agent turns out to be a firm offering the commodity for sale, this is not
surprising. In 70% of the cases consumers choose a firm by picking out one of
the information signals they received, and in 30% a consumer simply returns to
the same agent he visited on the previous ‘day’. As we saw in figure 5.1, the
time series of patronage shows some strong sweeps during the first half of the
history, after which it fluctuates around a stable trend. Behind this aggregate
regularity, however, we observed a substantial difference between the consumers.
Some adhere to their previous supplier more than four times as often as some
other consumers, whereas there is much less variance in market experiences.
Thus patronage develops in 30% of the visits. In section 4.1 we defined
‘patronage’ by ‘returning to the last visited agent’, i.e., independent of the state
the consumer finds himself in. As table 4.1 shows, in this respect the consumers
were completely indifferent at the start. Thus for example, if they were
disappointed by a firm, or, even more so, if they had visited a randomly chosen,
unidentified agent, and by chance contacted another consumer instead of a firm,
then they would have opted for patronage with the same initial probability as any
other option.
An important question is whether consumers who were satisfied on a given
‘day’ do more often return to the same firm on the next ‘day’ than consumers
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who were disappointed by the firm they visited. This is a crucial issue, because
it is the former type of behavior, which we might call ‘strict patronage’, that
leads to arbitrage of trading opportunities. For suppose some firms offer higher
service rates than other firms. Strict patronage would imply that a firm not able
to satisfy its clients is likely to loose some of its customers. Given its level of
production, that would mean a higher coefficient of customer satisfaction on the
next ‘day’. On the other hand, a firm satisfying its customers is likely to enlarge
its clientele, thus lowering its service rate. Hence, ceteris paribus, strict patronage
directly implies arbitrage of trading opportunities, in the sense of the equalization
of service rates across firms.45

patronage rate
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0.3
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200
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Figure 5.7 time series patronage for two categories of consumers

45

In a more general setting, the service rates are just one of the possible qualitative aspects
of the product that a firm offers. Other aspects might be the price of the commodity, or intrinsic
qualitative characteristics of the good. In our model these aspects are identical for all firms. As
far as the analysis of patronage is concerned, in our model patronage leads straightaway to
arbitrage, whereas with the other mentioned reasons to patronize this relation will be more
indirect.
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Figure 5.7 shows that consumers almost immediately perceive the distinct
opportunities offered by strict patronage. On each ‘day’, satisfied consumers
patronize almost twice as often as disappointed consumers.
The fact that strict patronage does develop logically implies that consumers
perceive this to be advantageous, as the market outcomes must have been such
that strict patronage is reinforced. In table 5.5 we compare the average
satisfaction rate of previously satisfied consumers who decided to patronize with
those who switched to another firm, and of previously disappointed consumers
who adhered to their failing supplier with those who changed firm. We see that
by averaging over all ‘days’ and over all consumers, the rewards of strict
patronage are largely obscured. Only the perception of disappointed consumers
that it is advantageous to change firm is confirmed by these averages.
patronizing

switching

previous ‘day’ satisfied

0.95

0.95

previous ‘day’ disappointed

0.93

0.95

Table 5.5 avg. satisfaction rate of 4 decisions, averaged ‘days’ 1-2000
Clearly, this is related to the facts that all firms on average turned out to offer the
same service rate, while patronage does not involve any kind of preferential
treatment by the firm. Nevertheless, it must have occurred rather regularly that
satisfied individual consumers turned out to be right to patronize, and that
disappointed individual consumers saw their decision to change firm rewarded.
At least this must have happened regularly enough to lead to a 30% patronage
rate in ‘equilibrium’. That it does not occur more frequently is related to the fact
that our consumers patronize only when they perceive this to be advantageous.
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This suggests the phenomenon of patronage as a latent force to make the market
work.

5.4 A Variant: ‘Fixed’ Patronage
To illustrate the importance of the fact that all actions and outcomes in the
simulated economy emerge purely endogenously, as the result of locally
interacting and learning individual agents who are all continuously looking for
advantageous opportunities, we run a simulation in which we exogenously fixed
one aspect of the behavior of the individual agents. That is, we imposed that if
a consumer has been satisfied by a firm then he will patronize next ‘day’ surely.
We will refer to this as ‘fixed’ patronage.46 Table 5.6 gives the average market
experiences of firms and consumers for both the standard model and the variant
with ‘fixed’ patronage.
variable

standard

’fixed’ patr.

sales
production
signals
unsold stocks
profits

94
108
487
15
28

96
102
47
6
67

patronage
satisfaction

0.30
0.94

0.98
0.96

efficiency

0.34

0.81

Table 5.6 average actions and outcomes two variants, ‘days’ 1-2000

46

We have run this variant on scale 1:10, i.e., with 5 firms and 500 consumers.
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We see that the apparently small, and intuitively reasonable, modification in the
choice menu of the consumers leads to dramatically different market outcomes.
In the variant with ‘fixed’ patronage, firms realize higher sales with a lower
average production level, implying that less unsold stocks perish, and spend much
less resources to signaling. As a result, the firms obtain an enormous profit
increase. Figure 5.8.a shows that firms perceive almost immediately that it is
advantageous to limit their signaling activity drastically.47 Remember that firms
do not know anything about the choice procedures followed by the consumers,
and that they do not know which of their consumers are patronizing and which
are new clients caught by an information signal. It is merely that they perceive
sending more signals to be a waste of resources. This will be related to the fact
that almost every consumer patronizes almost always. As the consumers are on
average, slightly so, better off as well, the overall efficiency of the economy is
much higher.

signals
700

600

standard version
500

400

300

200

100

‘fixed’ patronage
0

0

200

400

time (‘weeks’)

Figure 5.8.a time series signaling in two variants

47

This is reassuring with respect to the performance of the CS/GAs of the firms. It indicates
that the high signaling rates in the standard version are not caused by an erroneous bias in these
algorithms.
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In figure 5.8.b, observe that during the first phase of about 20 ‘weeks’ the
efficiency curves for the standard version and the variant are almost inextricable.
The main source of this improvement is the substantial saving of communication
expenditures in the variant with ‘fixed’ patronage.

efficiency
1

‘fixed’ patronage

0.9
0.8
0.7
0.6
0.5
0.4
0.3

standard version

0.2
0.1
0

0

200

400

time (‘weeks’)

Figure 5.8.b time series efficiency in two variants
Note that the only difference with the standard version of the model is a
restriction on the consumers’ behavior. That is, all the actions and favorable
outcomes of the variant with ‘fixed’ patronage are also feasible in the unrestricted
standard version. The reason that an individual consumer does not patronize
always when he is satisfied in the standard version, is that it would not be
rational to do so. Only when patronage is ‘fixed’, and both the firms and all the
other consumers change their behavior too, will patronage in case of satisfaction
make the consumers better off on average. Furthermore, in the standard version
without ‘fixed’ patronage, firms could decide as well to signal only very scarcely.
In this case, consumers would be more or less forced to patronize, making
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everybody better off, and in particular the firms. Again, the point is that for the
individual firms that would not be rational.48

6. Conclusions
The main conclusion to draw from this essay is that this kind of approach is
promising.49 The data generated by the simulation contain important
regularities, which cannot be inferred directly from the built-in properties of the
individual agents or some other microeconomic aspect of the model, and which
can be analyzed almost without limits of data availability.
Notwithstanding the extreme local character of knowledge in the simulated
economy, a high macroeconomic performance level is reached very fast. The
economy does not settle down at that level, but continues to evolve considerably.
Only much later it approaches a macroeconomic ’equilibrium’ characterized by
comparatively steady aggregates. Competition appears to lead to coordination of
economic activities, communication by firms and patronage by satisfied
consumers play an important role herein, and the high communication
expenditures are the main source of macroeconomic inefficiency. The
microeconomic distributions underlying those aggregates show strong differences
between the market shares of firms and between the shopping strategies of the
48

The results of this variant show that one has to be very careful in modeling the ‘shopping’
behavior of consumers, as very small modifications may lead to completely different market
outcomes. In particular, it is not innocuous to bias models towards patronage; either by
assuming it right away (e.g., Bergmann [1989]) or by imposing ad hoc additional costs on nonpatronage (e.g., Sutton [1980]).
49
In effect, this essay is also a test of this kind of approach. This essay is one of the first
large-scale simulations of a decentralized economy with AI agents, implementing an approach
of ‘reinforcement learning by interacting machines’. Note that in Marimon et al. [1990] learning
takes place centrally by some representative agents.
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consumers. Nevertheless, on average all firms offer an identical service rate, and
the costs incurred per unit sold are also identical for all firms, while the rate of
shopping success is equal for all consumers.
The emerging regularities in the agents’ actions and outcomes show that the
market process does tie down the set of possible beliefs of the agents, and does
constrain their actions. Hence, one can conclude that the device of a ‘positive
theory of action’ does lead to interesting results.
In further developments of this approach, the following points, listed in order
of decreasing priority, but increasing importance, should be considered. First,
although all AI agents, who were perfectly ignorant at the start, did achieve very
fast a high level of performance, a better performance of this type of algorithms
must be possible. Secondly, one should analyze the quantitative and qualitative
influences of changes in parameter values and mechanisms. Thirdly, one should
analyze other economic models with this approach. In particular, given the results
with respect to arbitrage, it seems interesting to consider models with pricemaking; also because in this case the consumers’ ‘gain’ would be more
differentiated than the distinction between satisfied and not satisfied. Fourthly, the
final objective of this kind of analysis is not to become wise with respect to
artificial worlds, but to understand what is going on in real decentralized
economies. Therefore, a serious question to examine would be, whether it is
possible to ‘recover’50 regularities known from reality in, necessarily simple,
simulated models, and to analyze how these regularities depend upon parameter
choices or modeled mechanisms.

50

Cf., the notion of ‘recoverability’ in Varian [1984].
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Appendix A. Notation
ε

macroeconomic efficiency coefficient

s

signaling by individual firm

V

final outcome or payoff

V̂

prediction of V

x

input pattern ANN

y

correct or target output ANN

ŷ

actual output or action ANN or GA

z

production by individual firm

Appendix B. Parameter Values
number of firms

50

number of consumers

5000

number of agents

5050

price of the commodity

1.00

marginal cost of signaling

0.08

marginal cost of production

0.25

number of ‘days’

2000
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Appendix C. Machine Learning
The underlying landscape used in the samples of section 3.2 is presented in figure
C.1.

15

V
10
0
5

5
^
y
2

^
y
1

10
15 0

Figure C.1 a landscape

Appendix D. Additional Simulation Results
Figure D.1.a to e give production, signaling, demand faced, unsold stocks, and
profits for each firm averaged over the ‘days’ 1-2000, where the firms are in each
graph ordered on their cumulative sales.
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production
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Figure D.1.a for each firm: average production ‘days’ 1-2000

signaling
800

700

600

500

400

300

200

100

0

firms

Figure D.1.b for each firm: average signaling ‘days’ 1-2000
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demand faced
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Figure D.1.c for each firm: average demand faced ‘days’ 1-2000

unsold stocks
25

20
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5

0
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Figure D.1.d for each firm: average unsold stocks ‘days’ 1-2000
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profits
50

40

30

20

10

0

firms

Figure D.1.e for each firm: average profits ‘days’ 1-2000
Figure D.2.a and b give the relative number of times that consumers chose a firm
between the signals they received, or that they visited a randomly chosen,
unidentified agent during the history of 2000 ‘days’. The percentiles are ordered
on the cumulative number of times their consumers were satisfied.
visit sign. firm (% of ‘days’)
74

72

70

68

66

64

62

60

consumers (percentiles)

Figure D.2.a for each percentile of consumers: average frequency of visits to
firms known from signals ‘days’ 1-2000
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visit unidentified agent (% of ‘days’)
2.5

2

1.5

1

0.5

0

consumers (percentiles)

Figure D.2.b for each percentile of consumers: average frequency of visits to
random, unidentified agents ‘days’ 1-2000
Figure D.3 gives a typical example of the sales path followed by two firms. Firm
A is the firm with the largest decrease in average sales from the first to the
second half of the history, while firm B is the firm with the largest increase. For
presentational reasons, for each ‘weekly’ observation we calculated the ‘quarterly’
moving average of the firm’s sales.

sales
140

120

firm B
100

80

firm A

60

40

time (‘weeks’)
0

200

400

Figure D.3 time series sales sample of two individual firms
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