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Economics and Equilibria 

For those unfamiliar with academic economics you have 
been wondering about the significance of the qualifier 
“out-of-equilibrium” in the title, for surely that’s the 
natural thing to look at? But for a variety of reasons, 
principally tractability and inspiration from physics eco-
nomics has focused on equilibria [5]; although that does-
n’t generally mean a fixed point of dynamical system: it is 
usually something more sophisticated. Roughly speaking 
an equilibrium is a situation where people know what to 
expect, where things are stable. 
 
But this unsatisfactory (or incomplete) as in real econo-

mies and markets we frequently see highly volatile unex-

pected behaviour.  

 

 

 

 

 

 

 

 

Little work has been done on building tools and concepts 

within Economics to think about out-of-equilibrium dy-

namics, yet this being able to model or at least under-

stand the  limitations of our ability to model this kind of 

dynamics would be highly desirable. One mainstream 

text which moves away from equilibrium approaches is 

[1], but this is still quite rare.  
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Analytical Results 

Economic theory typically focuses on what can be ana-

lytically derived from a set of basic assumptions. So what 

kind of results do we get with Cautious Trading? 

 

Convergence of Utility 

Utility of individual agents will converge and thus so will 

the total utility of the economy. 

 

Pairwise Optimality 

Not only will utility converge but it will do so to pairwise 

optimal values, that is for any two agents in the economy 

with a limiting bundle of goods there is no way of reallo-

cating resources between them that would make on bet-

ter off without also making one worse off. 

 

Pareto Optimality 

In fact if the utility functions are continuous we have the 

stronger results of Pareto Optimality, that is at the limit 

there is no way of reallocating resources between all 

agents that improves at least one agent’s bundle, without 

making at least one agent worse off. 

 

These results are all limit results, there is little we can say 

about short term events. 

Numerical Results 

Figures 2,3 and 4 show some of the results we can obtain 

numerically for an economy with Cobb-Douglas utility 

functions and random parameters and endowments.  
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Bilateral Exchange Economies 

One fundamental type of economy is that of an ex-

change economy: one where a set of agents have bun-

dles of goods and trade directly with other agents. It’s a 

starting point for thinking about out-of-equilibrium dy-

namics, but one which is rich enough for us to explore a 

variety of  major issues. 

 

We can specify such an economy along the following 

lines:  

Some relevant work and more extensive accounts can be 

found in [2,3,4]. This framework is quite general; to nar-

row things down we make the following assumptions: 

 

 

 

 

Agents propose offers to other agents and receive offers 

which they then decide whether to accept. 

 

“Zero” information 

Contrary to most economic models we assume agents do 

not know much about other agents. In particular they do 

not know other agent’s utility functions or bundles; they 

make and receive offers. 

 

Cautious Trading 

Given agent’s lack of information they do not act in an-

ticipation of uncertain future utility, they will only make 

trades which immediately improve their situation. 

 

Connected Process 

The trading process is connected, that is in any period 

there exists positive probably of any agent making a pro-

posal to any other agent in some future period. 

Numerical Approaches 

While we seem to get “good” results from analytical ap-

proaches; this does  not tell us the whole story.  We can 

ask  many questions by using the numerical approach 

outlined above that would be difficult (if not impossible) 

to answer analytically. This becomes even more impor-

tant if we are to augment the model with more realistic 

features which will force us to drop some of the strong as-

sumptions we originally made.  It also forces us to spec-

ify an explicit mechanism or behaviour rather than mak-

ing assumptions of the form “agents maximise utility” 

without even providing a possible way this could be 

achieved. 

Figure 3 We see only slow convergence in the standard deviation 

of marginal rates of substitution (a way of thinking about price). 

Figure 1  An outline of an algorithm to simulate an exchange 

economy. This not only formalises the above model but requires 

us to explicitly implement the  random pairing of agents and the 

proposal of offers. 

Experimentation 

In order to both make our model more realistic and to es-

cape problems such as the slow convergence we uncov-

ered numerically we augment it with ideas such as ex-

perimentation: the acceptance of offers that aren’t utility 

improving but which aren’t “bad”. 

 

When we numerically simulate this we find that we get 

quicker convergence in utility, though the total utility val-

ues may be slightly lower. 

 

Prediction 

We would also like agents to endogenously make predic-

tions and determine their behaviour accordingly. There 

are many possible schemes the could be used, but they 

should both respect the limited amount of information 

available to agents and not require unfeasible computa-

tional capacity. 

Figure 2 We get apparent, rapid convergence of both average to-

tal utility averaged across multiple realisations (above left) and 

total utility of individual realisations (above right).    

Figure 4 This shows how the probability of making a successful 

proposal rapidly declines.    


