Procedurally rational expectations

Scott Moss

Centre for Policy Modelling Manchester Metropolitan University Manchester M1 3GH United Kingdom s.moss@mmu.ac.uk http://www.cpm.mmu.ac.uk/~scott

Abstract

For Herbert Simon, bounded rationality followed from procedural rationality — the making of decisions by agents in full recognition of the limitations of their information-processing and computational capacities. In microeconomics, Williamson [14] changed bounded rationality to mean that decisions have to be taken with limited information (in amounts which do not overtax the information-processing capacities of agents). In macroeconomics, Sargent [12] assumed that bounded rationality does not prevent agents from surveying at random the whole of the problem, information and strategy spaces of the universe in order to identify the most promising regions of those spaces. In this paper, agent cognition is represented in the spirit of Simon and Newell [10] and their colleagues and successors in cognitive science. Decision-makers have problem-space architectures reflecting their experience and expertise (procedural knowledge) and search locally for relevant information which they use to build mental models of their environments, their customers and suppliers. These mental models are used by agents to forecast the consequences of their own actions. The cognitive act of learning is thus represented as an iterative process of model specification and estimation and testing. The cognitive act of deciding is equivalent for forecasting with the mental models and using those forecasts as tests of the models. Consequently, learning and deciding are two aspects of a single cognitive process.

Keywords: agent-based models, artificial intelligence,, macroeconomics, cognition

I don’t see the point of not assuming that agents know the correct model of the economy. This is not economics.^1

1. Intr oduction

Rational and consistent expectations in macroeconometric models are typically justified on the grounds that it would be wrong to assume that econometric modellers were smarter than the agents who make the decisions that

1. The whole, wonderfully revealing, report by a Journal of Economic Dynamics and Control reviewer on the paper by Moss and Edmonds [9] forthcoming in Systems and Cybernetics.

generate the time series data used to specify and estimate the model. If those agents are really as smart as the econometricians, and if the econometrician’s model of the economy is correct, then the agents will also have specified the correct model of the economy and it will be the same as that of the econometricians. One consequence of this line of reasoning is that, if all agents know the correct (econometrician’s) model of the economy, they therefore have the same model of the economy. By using this model to form their expectations, they must all have the same expectations and there is nothing analytically to distinguish one agent from another. The point can be put in two ways. Either there is a single representative agent or agents are homogeneous.

A number of modellers, mainly associated with the Santa Fe Institute, have been using algorithms from artificial intelligence and artificial life programs to represent heterogeneous agents. The clearest statement of the reasons for so doing is probably Sargent’s [12] (pp. 2-3):

Rational expectations imposes two requirements on economic models: individual rationality, and mutual consistency of perceptions. When implemented numerically or econometrically, rational expectations models impute much more knowledge to the agents within the model (who use the equilibrium probability distributions in evaluating their Euler equations) than is possessed by an econometrician, who faces estimation and inference problems that the agents in the model have somehow solved. I interpret a proposal to build models with boundedly ‘rational agents’ as a call to retreat from the second piece of rational expectations (mutual consistence of expectations) by expelling rational agents from our model environments and replacing them with ‘artificially intelligent’ agents who behave like econometricians. These ‘econometricians’ theorize, estimate and adapt in attempting to learn about probability distributions which, under rational expectations, they already know. The point of this exercise is to demonstrate than it is not necessary to impose mutual consistency of expectations on all agents in order to get simulation results which approximate the rational expectations outcomes. As Marcet and Sargent [7] put it, “the notion of a rational expectations equilibrium would be a more attractive one if there were plausible and undemanding learning schemes which would drive the system towards a rational expectations equilibrium. Even though not all models with heterogeneous agents yield approximately rational-expectations results, where they do, the features