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A Computational Model of
Industry Dynamics

The economics literature on industry dynamics contains a wide array of empir-
ical works identifying a set of stylized facts. There have been several attempts
at constructing analytical models to explain some of these regularities. These
attempts are highly stylized and limited in scope to keep the analyses tractable.
A general model of industry evolution capable of generating firm and industry
behavior that can match the data is needed.

This book endeavors to explain many well-documented aspects of the evo-
lution of industries over time. It uses an agent-based computational model in
which artificial industries are created and grown to maturity in silico. While the
firms in the model are assumed to have bounded rationality, they are neverthe-
less adaptive in the sense that their experience-based R&D efforts allow them
to search for improved technologies. Given a technological environment subject
to persistent and unexpected external shocks, the computationally generated
industry remains in a perennial state of flux. The main objective of this study is
to identify patterns that existin the movements of firms as the industry evolves
over time along the steady state in which the measured behavior of the firms and
the industry stochastiéally fluctuate around steady means.

The computational model developed in this book is able to replicate many of
the stylized facts from the empirical industrial organization literature, particu-
larly as the facts pertain to the dynamics of firm entry and exit. Furthermore,
the model allows examination of cross-industry variations in entry and exit
patterns by systematically varying the characteristics of the market and the
technological environment within which the computationally generated indus-
try evolves. The model demonstrates that the computational approach based
on boundedly rational agents in a dynamic setting can be useful and effective in
carrying out both positive and normative economic analysis.

Myong-Hun Chang is Professor and Chair of the Department of Economics,
Cleveland State University, USA.
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“[T]he central idea of economics, even when its Foundations alone are
under discussion, must be that of living force and movement.”
Principles of Economics, Alfred Marshall



Preface

The computational model of industry dynamics presented in this book
evolved out of several generations of earlier primitive versions that
went through the usual process of natural and artificial selection in the
academic setting. The very first version focused solely on the shakeout
dynamics in an infant industry with no external technological shocks.
The results from this preliminary version were reported in an article
published in the Journal of Economic Interactions and Coordination
(2009). The second version allowed for external technological shocks
but with no adaptive R&D by the firms. The results from this model
were reported in a chapter in Oxford Handbook of Computational
Economics and Finance (forthcoming). The third version of the model
with exogenously specified R&D by firms was presented in Eastern
Economic Journal (2011).

The most general version of this line of models is reported in this
book and allows firms to adapt to external technological shocks by
autonomously performing R&D in search of improved technologies.
Making the process of R&D endogenous has enabled a re-examination
of the issues explored in the earlier publications under richer market
and technological conditions. More importantly, it has created the abil-
ity to address a new set of questions that are unique to Schumpeterian
competition with innovative and imitative R&D.

I have two goals in this book. The first is to model a set of well-known
stylized facts in empirical Industrial Organization, involving entries
and exits of firms over time. While various attempts have been made
to understand these patterns as part of the “industry equilibrium” in
the context of profit-maximizing firms with perfect foresight, the scale
and scope of investigations have been rather limited due to either the
restrictive nature of the assumptions used to foster tractability, or the
formidable analytical difficulties resulting from less restrictive assump-
tions. The computational model developed here eschews the standard
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behavioral assumptions in the tradition of “orthodox™ economic the-
ory. Instead, the dynamic patterns arising at the level of an industry are
viewed as the result of continuing interactions among myopic and het-
erogeneous firms which are motivated by profit and engaged in R&D as
a way to improve their profits. The ultimate objective is then to under-
stand the stylized facts as patterns that arise endogenously as firms
make adaptive moves against unexpected external shocks as well as to
each other in their search for improved profits.

The second, more general, goal of the book is to explore and dem-
onstrate the capability of computational modeling in making theoret-
ical advances in those areas of economics traditionally thought to be
the exclusive domain of analytical methodology based on equilibrium
theorizing. As I hope to show in the following chapters, questions not
easily answered using orthodox equilibrium models can be resolved and
examined in some detail within a computational model of boundedly
rational agents. .

Although the present study does not go further than to offer posi-
tive analyses for explanatory purposes, the further challenge for the
approach will be the extent of its capacity to offer normative prescrip-
tion through policy experiments performed on a platform sophisticated
enough to capture the finer details of the real industries. | hope to have
made a preliminary contribution to this endeavor by writing this book.
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